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ARTICLES OF INCORPORATION 
THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS 

STATE OF NEw YorRK, 

Ciry AND County or NEw York. } 

We, the subscribers, Wm. H. Wess, Cuas. H. Cramp, Grorce E. Weep, H. Taytor 

Gause, WiLitiAm T. Sampson, Horace SEE, FranxK L. FERNALD, Francis T. Bow Les, 

Wasuincton L. Capps, Epwin D. Morcan, Georcre W. QuinTARD, HarrincTon Put- 

NAM and JAcos W. MILtkr, being persons of full age and citizens of the United States, of 

whom a majority—namely, William H. Webb, George E. Weed, Horace See, Edwin D. 

Morgan, George W. Quintard, Harrington Putnam, Frank L. Fernald, and Jacob W. 

Miller are citizens of and residents of and within this State, desiring to associate ourselves 

for scientific purposes under and pursuant to, an Act of the State of New York providing 

for the incorporation of benevolent, charitable, scientific and missionary societies, passed April 

12, 1848, and the several acts amending or supplementing the same, do hereby, in accord- 
ance with the requirements thereof, certify as follows :— 

First. The name of title by which the Society shall be known in law is Tur Society 
oF Nava ARCHITECTS AND MARINE ENGINEERS. 

Second. The particular business and objects of such Society are the promotion of 

practical and scientific knowledge in the arts of shipbuilding and marine engineering and 

the allied professions, and in furtherance of this object, to hold meetings for social inter- 

course among its members, and the reading and discussion of professional papers, and to 

circulate by means of publication the knowledge thus obtained. 

Third. The number of directors, trustees, or managers to manage the Society shall be 

seven, and shall consist of a President, a Secretary, and five Members of Council. 

Fourth. The names of the trustees, directors, or managers of the Society for the 

first year of its existence are:—President, Clement A. Griscom; Secretary, Washington L. 

Capps; Members of Council, Francis T. Bowles, H. Taylor Gause, Chas. H. Loring, Lewis 

Nixon, Harrington Putnam. 

Fifth. The business of the Society is to be conducted, and its place of business and 

principal office is to be located, in the City and County of New York. 

In WitTNESS WHEREOF we have made, signed, and acknowledged this Certificate, this 

28th day of April, 1893. 

WILLIAM H. WEBB. FRANCIS T. BOWLES. 

CHAS. H. CRAMP. W. L. CAPPS. 

H. T. GAUSE. E. D. MORGAN. 

GEORGE E. WEED. GEORGE W. QUINTARD. 

W. T. SAMPSON. HARRINGTON PUTNAM. 

HORACE SEE, J. W. MILLER. 

F. L. FERNALD. 
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City AND County oF NEw York, ss: 

On this 28th day of April, 1893, before me personally appeared William H. Webb, 

Charles H. Cramp, H. Taylor Gause, George E. Weed, William T. Sampson, Horace See, 

Frank L. Fernald, Francis T. Bowles, Washington L. Capps, and Edwin D. Morgan, to 

me known and known to me to be the persons described in and who executed the foregoing 

certificate, and severally acknowledged to me that they executed the same. 

JAMES FORRESTER, 

Notary Public, Kings Co., Cert. N. Y. Co. 

City AND CouNnTy oF NEw York, ss: 

On this lst day of May, 1893, before me personally appeared George W. Quintard and 

Harrington Putnam, to me known and known to me to be the individuals described in and 

who executed the foregoing certificate, and they severally acknowledged to me that they 

executed the same. 

JAMES FORRESTER, 

Notary Public, Kings Co., Cert. N. Y. Co. 

City AND County oF NEw York, ss: 

On this 9th day of May, 1893, before me personally appeared Jacob W. Miller, to me 

known and known to me to be one of the individuals described in and who executed the fore- 

going certificate, and he duly acknowledged to me that he executed the same. 
James ForRESTER, 

Notary Public, Kings Co., Cert. N. Y. Co. 

( ENDORSED. ) 

Upon reading the within Certificate for the Incorporation of the Society of Naval 

Architects and Marine Engineers, I hereby approve and consent to the incorporation thereof 

and the within Certificate and filing thereof, and direct that the same be filed in the office of 

the Clerk of the City and County of New York. 

Dated New York, May 10, 1893. 
Epwp. PATTERSON, 

Justice of the Supreme Court in the State of New York 

in and for the City and County of New York. 



CONSTITUTION AND BY-LAWS OF THE SOCIETY OF NAVAL 

ARCHITECTS AND MARINE ENGINEERS 

ARTICLE I. 

Name and Object. 

1. The name of the Association shall be “Tur Society or NAvAL ARCHITECTS AND 

MARINE ENGINEERS.” r 

2. Its object shall be the promotion of the art of ship building, commercial and naval. 

3. In furtherance of this object, annual meetings shall be held for the reading and dis- 

cussion of appropriate papers and interchange of professional ideas, thus making it possible 

to combine the results of experience and research on the part of shipbuilders, marine engi- 

neers, naval officers, yachtsmen, and those skilled in producing the material from which 

ships are built and equipped. 

ARTICLE II. 

Membership. 

1. The Society shall consist of Members, Associates, Juniors, Honorary Members and 
Honorary Associates. 

2. Members.—(1) The class of Members shall consist exclusively of Naval Architects, 

Marine and Mechanical Engineers, including Professors of Naval Architecture or Mechani- 

cal Engineering in colleges of established reputation. 

(2) A Candidate for this class must not be less than twenty-eight years of age and 

comply with the following regulations: He shall submit to the Council a statement showing 

that he has been engaged in the practice of his profession, in a responsible capacity, for at 

least five years, and setting forth the grounds upon which he bases his claim to member- 

ship. This statement shall be signed by three Members, who shall certify to their per- 

sonal knowledge of the candidate and approval of his statement. 

(3) In the case of persons not American citizens, the signatures of three Members shall 

be required in confirmation of their personal knowledge of the candidate’s scientific 

attainments. 

(4) If three-fourths of the members of the Council present are in favor of the ad- 

mission of the candidate his name shall be submitted to the Members of the Society at 

the next meeting; the voting to be by ballot, should a ballot be demanded. 

3. Associates—(1) The class of Associates shall consist of persons, who, by pro- 

fession, occupation, or scientific attainments, are qualified to discuss the qualities of 

a ship. 

(2) Candidates for this class shall submit to the Council a written statement of their 

qualifications for membership; this shall be signed by two Members or Associates who shall 

certify to their personal knowledge of the candidate and approval of his statement. If con- 

sidered by three-fourths of the Council present duly qualified for associate membership their 
names shall be submitted to the Society at the next meeting, to be voted upon by the Mem- 

bers and Associates; the voting to be by ballot, should a ballot be demanded. 

Xi 
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4. The proportion of favorable votes for deciding the election of Members and Asso- 
ciates shall be at least four-fifths of the number recorded. 

5. Juniors——(1) The class of Juniors shall consist of graduates of technical schools of 
established reputation, or persons who have had not less than two years’ practical experience 
in marine engine works or shipyards. 

(2) Candidates must be at least eighteen years of age and certify their intention to con- 
tinue in the profession and become naval architects or marine engineers. 

(3) Juniors shall be eligible for transfer to the class of Members or Associates after 

fulfilling the necessary conditions; when they are twenty-eight years of age they shall be 

offered the option of being transferred to the class of Members or Associates in conformity 

with their qualifications; but if they do not accept such offer or do not qualify, they shall 

be dropped from the rolls of the Society. 

(4) The admission of Juniors shall be by a favorable vote of three-fourths of the mem- 

bers of the Council present. 

(5) Juniors shall have no voice in the government of the Society or admission of 
members. 

6. Honorary Members and Honorary A ssociates—The Council may elect Honorary 

Members and Honorary Associates, the total number not to exceed twenty-five. They 

shall be persons of acknowledged eminence in their profession upon whom the Council 

may see fit to confer an honorary distinction. 

7. Benefactors and Permanent Members.—The Council may establish a list of Bene- 
factors. It may also elect as Permanent Members of the Society such Members or 

Associate Members as shall, in the opinion of the Council, by reason of notably liberal con- 

tributions to the Society, merit special recognition. Permanent Members shall, from the date 

of their election, be relieved from annual dues, and shall have the right, subject to the ap- 

proval of Council, to designate, by will or otherwise, their successors. The conditions to be 

met before placing any name on the list of Benefactors and the regulations governing the 

election of Permanent Members shall be prescribed by the Council. 

ARTICLE III. 

Dues, Suspension and Expulsion of Members. 

1. The entrance fees, payable on admission to the Society, shall be as follows: 

Members and Associates, fifteen dollars; Juniors, ten dollars; Honorary Members and 

Honorary Associates, no fees. 

2. The annual dues shall be as follows: 

Members and Associates, fifteen dollars; Juniors, ten dollars; Honorary Members and 

Honorary Associates, no dues. 
3. A member transferred from one grade to another shall pay the difference between 

the entrance fees of the two grades, and his annual dues shall be those of the grade to which 

transferred. 

4. The annual dues shall be payable in advance on the first day of January. The Secre- 

tary shall notify each member of the amount due for the ensuing year at the time of giving 
notice for the annual meeting. On notification of his election each member -shall pay his 

entrance fee. If he desires to receive the published transactions of the Society for the meet- 

ing at which he is elected, he shall pay ten dollars in addition to the entrance fee. 
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5. Members and Associates can compound for all future dues and become Life Members 

or Life Associates by making a single payment of three hundred dollars and signing an agree- 

ment to conform to any future amendments to the Constitution and By-Laws. 

6. Members are entitled to no return of fees upon severing their connection with the 
Society. 

7. Any member whose dues are more than three months in arrears shall be notified 

by the Secretary. Should his dues become six months in arrears he shall be again notified 
by the Secretary and his rights as a member suspended. Should his dues become one year in 

arrears the delinquent member shall forfeit his membership in the Society unless the Council 
may deem it expedient to extend the time of payment. 

8. The Council may, in its discretion, temporarily suspend the annual payment of 

dues by any member whose circumstances have become such as to make such payment 
impossible, and may, under similar circumstances, remit the whole or part of dues in 
arrears. 

9. No name shall be entered on the rolls as Member, Associate or Junior, nor shall 

the privileges of membership be enjoyed until the payments required in paragraphs 1 to 4 of 

this article have been made; if the payment be delayed for more than six months from the 

date of election, the same shall be void unless the Council otherwise direct. 

10. (1) Should the expulsion of any member be adjudged expedient by five or more 

members, they must draw up and sign a proposal requesting such expulsion, delivering 

the same to the Secretary, to be laid before the Council. 

(2) If the Council do not find reason to concur in the proposal, no entry thereof shall 
appear in the minutes, nor shall any public discussion thereon be permitted. 

(3) If, however, the Council find the charges contained in the proposal for expulsion 

substantiated, the accused member shall be notified and given an opportunity to resign. If 

he avails himself of this privilege, no entry shall be made on the minutes nor public discus- 

sion of the case be permitted. But if he declines to resign and offers no satisfactory expla- 

nation of the charge, the whole case shall be submitted to a special meeting of the Society. 

(4) If two-thirds of the members at this special meeting (providing there be not less than 
twenty present) vote for expulsion, the Chairman of the meeting shall cause the accused to 

be expelled from the Society and direct the Secretary to notify the accused of this action. 

ARTICLE IV. 

Officers. 

1. The officers of the Society shall consist of a President, Past Presidents, Honorary 

Vice-Presidents, twelve Vice-Presidents, twenty-four Members of Council, and a Secretary 
and Treasurer. 

2. Both Members and Associates are eligible for the offices of President, Honorary 

Vice-President, Vice-President and Member of Council, but three-fourths of the Council 

shall be Members. 

3. Prior to the date of the annual meeting of the Society of the year with which the 
term of the President expires, the Council shall nominate a candidate for the office of Presi- 

dent, whose name shall be presented to the Society for election at the annual meeting. Any 

other candidate whose nomination, signed by at least sixty Members and Associates, shall 

have been submitted to the Secretary prior to the annual meeting shall also be presented. 

The candidate receiving the highest number of votes shall be the President for the ensuing 
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three years. The first President under this rule was elected at the annual meeting in 1906 

and his term of office began January 1, 1907. The President shall not be eligible for elec- 
tion as his own successor. 

4. (1) The term of office of the Vice-Presidents shall be three years. The terms of the 

Vice-Presidents which, under a previous provision of the Constitution, should have expired 

in 1911 and 1912 are regarded as having expired on December 31, 1911. Those terms 

which, under the same conditions, should have expired in 1913 and 1914 are regarded as 

having expired on December 31, 1912; those which should have expired in 1915 and 1916 are 

regarded as having expired on December 31, 1913. Beginning with the four Vice-Presi- 

dents elected for the term ending December 31, 1914, there shall be four Vice-Presidents 

elected each year to take the place of those whose terms expire. The Vice-Presidents to fill 

the vacancies occurring each year in any class shall be elected by the Council from their own 

membership. Retiring Vice-Presidents shall be eligible for re-election. 

(2) Honorary Vice-Presidents shall be chosen from the list of Vice-Presidents who have 

had at least ten years’ service as Vice-President. They shall be chosen at the meeting of the 

Council next prior to the annual general meeting of the Society and must be the unanimous 

choice of all members of Council present. Not more than two Vice-Presidents may be elected 

Honorary Vice-Presidents in any one year. 

5. (1) The term of office of the Members and Associate Members of Council shall be 

three years. Prior to August lst of each year the Secretary shall mail to each Member and 

Associate a list of the names of the Members and Associate Members of Council whose terms 

expire with the current year, and shall enclose a blank on which each Member may, if he 

so desires, nominate one additional candidate for Member of Council and one additional 

candidate for Associate Member of Council; and each Associate Member may, if he so de- 

sires, nominate one additional candidate for Associate Member of Council. No nominations 

received by the Secretary after August 31st shall be considered. 

(2) Prior to September 1st of each year the President shall appoint a nominating com- 

mittee of five, at least three of whom shall be Members. This committee shall scrutinize the 

nomination slips sent in by Members and Associates and prepare a ballot. This ballot shall 

contain the names of all the retiring members and Associate Members of Council who shall 

not have declined re-election and a sufficient number of additional names to make a total of 

nine candidates for Member of Council and three candidates for Associate Member of Coun- 

cil. The names listed on the ballot, other than those of retiring Members and Associate 

Members of Council, shall be chosen by the nominating committee from those who have re- 

ceived the highest number of votes on the nominating lists returned by members of the 

Society. 
(3) Should the number of names which have received at least ten votes in the case of 

nominees for Members of Council and five votes in the case of nominees for Associate Mem- 
bers of Council be insufficient to complete the number on the ballot list above provided for in 

sub-paragraph (2), the nominating committee shall add enough names to bring the total on 

the ballot up to nine candidates for Member and three candidates for Associate Member of 

Council. 
(4) The ballots shall be sent by mail as soon as possible after September Ist of each 

year to all Members and Associate Members of the Society. Each Member may vote for 

not more than six Members of Council and two Associate Members of Council, and each 

Associate may vote for not more than two Associate Members of Council. The ballots 
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shall be returned by mail to the Secretary and canvassed by a committee of three members 
appointed by the President. This canvassing committee shall report the results of the elec- 
tion to the Council at its meeting immediately prior to the Annual Meeting of the Society. 

(5) When the ballots have been sent out by the Secretary, should there be a desire on 
the part of Members or Associates to suggest another list of candidates for the Council, any 
twenty Members and Associates may unite in submitting another list to the Secretary which 
shall also be sent out to the membership to be considered in connection with the list already 
sent. In any event, the six Members who receive the highest number of votes shall be de- 
clared elected Members of Council and the two Associates receiving the highest number of 
votes shall be declared elected Associate Members of Council, in each case for a term of 
three years. 

6. A vacancy in the office of President shall be filled by ballot by the Council from the 
list of Past Presidents, Honorary Vice-Presidents and Vice-Presidents until the end of the 

year in which it occurs. At the annual meeting of that year a new President shall be elected 
for three years in the manner prescribed in paragraph 3. A vacancy in the office of Mem- 
ber of Council shall be filled by the Council for the unexpired portion of term of the Mem- 
ber or Associate causing the vacancy. 

7. The President, Past Presidents, Honorary Vice-Presidents and Vice-Presidents shall 
be ex-officio members of Council. 

8. The Council may hold meetings subject to the call of the President, as often as the 
interests of the Society may demand. 

9. At all meetings of Council seven members shall constitute a quorum. 

10. The Secretary and Treasurer shall be elected annually by the Council, but may be 

removed at any time by a majority vote of the Council after due notice has been given. 

11. The Secretary must be a Member of the Society. 

ARTICLE V. 

Management. 

1. (1) The President shall have general supervision over the affairs of the Society, 

appoint special committees, and preside at the annual general meetings. He shall be ex-officio 

member of all committees. 

(2) In the absence of the President, one of the Past Presidents, Honorary Vice-Presi- 

dents or Vice-Presidents, in the order of seniority as determined by original accession to, or 

election, in, their respective grades, shall preside and perform all the duties of the President; 

where there is the same date of seniority, the alphabetical order will govern. Provided, how- 

ever, that for the Annual Meeting of the Society or for any other special occasion when it is 

known that the President cannot attend and preside, the Executive Committee shall, in its 

discretion, select and designate as Acting President any one of the Past Presidents, Honorary 

Vice-Presidents, Vice-Presidents or members of Council, who shall act for the President in 

his temporary absence and shall perform all the duties which would devolve upon that offi- 

cer during such Annual Meeting or on such special occasion. 
2. (1) The direct management of the Society shall be vested in an Executive Committee 

of nine, composed of seven members of Council, elected annually by the Council, and the 

President and the Secretary of the Society ex-officio. At least five of the seven elective 

members of the committee shall be Members of the Society. 
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(2) Meetings of the Executive Committee may be held at any time, subject to the call 

of the Chairman; and four members shall constitute a quorum for the transaction of any 
business that may be properly brought before the committee. 

3. The Executive Committee shall manage the affairs of the Society in conformity 

with the laws under which it is incorporated and the provisions of this Constitution. It 

shall direct the investment and care of the funds of the Society; make appropriations for 

specific purposes; arrange for the reading and publication of professional papers; take 

measures to advance the interests of the Society, and generally direct its affairs under such 

regulations as the Council may from time to time prescribe. 
4. The Executive Committee shall make an annual report to the Society, transmitting 

the report of the Secretary and Treasurer, and of any special committee which may have been 

ordered. 
5. (1) The Secretary shall be the Executive Officer of the Society under the immediate 

direction of the President and the Executive Committee. 
(2) He shall prepare the business for the annual meetings and record the proceedings 

thereof. 
(3) He shall be responsible for all expenditures and certify the accuracy of all bills or 

vouchers upon which money has been paid, and he shall conduct the correspondence of the 

Society and keep full records of the same. 
6. The Treasurer shall see that all money due the Society is collected and carefully in- 

vested in such manner as the Executive Committee may direct. If considered advisable by 

the Council, the duties of Treasurer may be performed by the Secretary. 
7. The accounts of the Secretary and Treasurer shall be audited annually in such man- 

ner as the Executive Committee may direct. 

ARTICLE VI. 

Meetings. 

1. There shall be at least one annual general meeting of the Society for the reading 

and discussion of professional papers, election of officers for the ensuing year, and trans- 

action of such other business as may be brought before it. The time and location of this 

meeting shall be determined by the Council at least three months prior to the date fixed. 

2. Special meetings may be called by the Executive Committee at the request of twenty 

members, which request shall state the purpose of the meeting. The call for such meetings 

shall be issued ten days in advance, and shall state the purpose thereof. At these meetings 

thirty members shall constitute a quorum. 

3. The Society may adopt, from time to time, such rules at it may think proper for the 

order of business at its meetings. 

ArTIcLE VII. 

Regulations and By-Laws. 

1. The Council shall have authority to establish such by-laws and regulations as may 

be necessary for the government of the Society in the conduct of its affairs, provided that such 

by-laws and regulations do not conflict with the provisions of this Constitution and that they 

are approved by a two-thirds vote of the members of Council present at any meeting regu- 
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larly called for the consideration of same. If, however, objection be made by any member of 

Council to a by-law or regulation so proposed, it must be submitted in writing for the 

action of the entire Council and will not be finally adopted unless a majority of the Council 

signifies its approval. 

ARTICLE VIII. 

Amendments. 

1. Proposed amendments to the Constitution must be reduced to writing and signed 

by not less than ten members. They shall be forwarded to the Secretary at least ten days 
before the annual general meeting, and shall be immediately forwarded to the Council for its 

consideration. If a majority of the Council approve the proposed amendment it shall be 

presented to the Society at the next ensuing general meeting for discussion; if approved by 

two-thirds of the members present, voting by ballot, if a ballot be demanded, it shall be 
adopted. 
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REGULATIONS 

(See Article 2, paragraph (7), and Article 7, paragraph (1) of Constitution). 

ADOPTED BY THE COUNCIL OF SociETy, NOVEMBER 18, 1921. 

Benefactors.—Before becoming eligible for enrollment as Benefactors, candidates must 

have evidenced special interest in the objects for which this Society was founded and have 

contributed at least five thousand dollars toward a scholarship, a special fund, or the gen- 

eral endowment fund of the Society. For those who are already Permanent Members, this 

contribution will be not less than four thousand dollars. 

Permanent Members.—Those eligible for Permanent Members must have the qualifica- 

tions prescribed by the Constitution for candidates for Members or Associates and have con- 

tributed at least one thousand dollars towards a scholarship, a special fund, or the gen- 

eral endowment fund of the Society. For those who are already Life Members, this con- 

tribution will be not less than the difference between one thousand dollars and the amount of 

the Life Membership fee previously paid. 

The names of all Benefactors and all Permanent Members will be placed in special lists 

and will be published in perpetuity in the annual Transactions of the Society, the names of 

the deceased members being appropriately designated. 

Benefactors and Permanent Members shall have the right, subject to approval of Coun- 

cil, to designate by will or otherwise their successors, to whom shall be sent the published 

Transactions of the Society. This privilege of designation of successors shall pass from 

original beneficiary to his successor in due course, subject in all cases to the approval of 

the Council. 5 
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SPECIAL MEETING OF MAY 26, 1921. 

Past President Stevenson Taylor, in the chair, called the meeting to order at 8.25 p. m. 

THE CHAIRMAN :—Gentlemen, at the request of the secretary it is my privilege to open 
this meeting. As I recall it, this is but the second mid-season meeting that this Society has 

ever held, for I recall only the one held at Detroit a number of years ago, under the lead of 

the then president, Admiral Bowles, and which was very successful. 

I think we are greatly indebted to the three distinguished gentlemen who have prepared, 

at the request of the secretary, the two papers on the subjects that are to be presented to you 

tonight. These men have taken especial interest in this mid-season meeting because there 

seemed to be a demand for it, a demand that is shown by the presence of so many of you. 

I congratulate you on this meeting and on having the pleasure of listening to these papers. 
It has been proposed that both papers be presented before there is any discussion; then those 

who are to discuss the papers can discuss one or both as may seem best to the individual. 

As there are no regular business proceedings, we will take up at once the business of the 

evening. 

I wish to call to the attention of those who will present the papers that an abstract will 

be better for that purpose than to read the entire paper. The papers have been well dis- 

tibuted, and considerable discussion is not only expected but desired. At the same time the 

authors will please not omit any points they have in mind, for these two subjects are of the 

utmost importance. 

Paper No. 1 is entitled, “The Internal-Combustion Engine as Applied to Marine Pro- 

pulsion,” by Mr. John F. Metten and Mr. J. C. Shaw. 

Mr. Shaw presented the paper. 





THE INTERNAL-COMBUSTION ENGINE AS APPLIED TO MARINE 

PROPULSION. 

By Joun F. Merten, Esg., MEMBER, AND J. C. SHaw, Esg., VisiTor. 

[Read at a special meeting of the Society of Naval Architects and Marine Engineers, held in New York, 
May 26, 1921.] 

The fall in ocean freight rates in recent months to prewar levels should bring forcibly 
to the attention of American shipowners the great economic importance of the internal-com- 

bustion engine for ship propulsion, although it is not claimed that the Diesel engine is a com- 

plete remedy for the present predicament of the American merchant marine. 
The situation in which American shipping now finds itself is analogous to the early 

transition from sail to steam. This country then failed to keep pace with Great Britain, who 

gained a lead which was only partly overcome, due to the condition brought about by the 
late war. 

In the recent shipbuilding emergency, efficiency of type was subordinated to the expe- 

diency of rapid construction and quantity production. Many warnings were sounded to those 

in authority at the time in regard to the danger of entirely ignoring the larger motor ship 

in the emergency construction. However, this defect in building could have been greatly 

remedied by recasting the uncompleted program immediately after the armistice, as carried 

out by other countries, to meet the inevitable competitive conditions of peace. 

Contrasted with our past policy in reference to motor ships is that of Great Britain and 

Scandinavian countries, in particular, who fostered the motor ship during the war, and, since 

the armistice two and a half years ago, have rapidly built motor ships almost to the exclu- 

sion of the less efficient steam cargo vessels. 

As matters now stand we find ourselves in the possession of a large government-owned 

fleet, almost wholly steam driven, which private owners are reluctant to purchase or operate. 

The question accordingly is presented to us, as naval architects and marine engineers, as to 

the best method by which the inadequacy of the situation can be met, whether to advocate 

the conversion of the most inefficient of the existing steam vessels to Diesel drive or build 

new motor ships, and the best systems to be recommended. 

It is hardly necessary to state in detail the particular advantages of the motor ship over 

the steamer which are fairly well conceded and undoubtedly well known to the members of 

the Society. More in regard to detail of the application of the internal-combustion engine, 

pointing out the various advantages and the defects of the different systems, will be attempted 

to be presented. A critical analysis of two vessels of a given size, propelled by steam turbines 

and Diesel engines, will also be given to show the economic importance of the latter. It is to 

be hoped the authors will be pardoned if undue reference is made to Burmeister & Wain, of 

Copenhagen, with whose work they are mostly familiar. As commonly recognized, this pio- 

neer company has been mostly responsible for the present accepted high standing of the mo- 

tor ship. There will be completed this month sixty-seven vessels to their system representing 

580,000 tons deadweight and 214,000 Diesel indicated horse-power, totaling more tonnage 

than all the other makers combined for this class of vessel. 
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Of other continental builders who have done much also to promote development of 

the motor ship with their respective designs may be mentioned Werkspoor, Sulzer, Ansaldo 

San Gorgio, Krupp, Polar Diesel and Vickers of England. 

A brief review of Burmeister & Wain’s work in this field will be given as best illus- 

trating the development of the art. This maker, like Werkspoor, has always held to the 

four-cycle engine as best suited to this class of service, where utmost reliability combined 

with economy is of first consideration. 

Their epoch-making first vessel, the Selandia, was put into service in February, 1912, 

being 7,400 tons deadweight, having twin screws, and designed for 10% knots. The two 

main engines, which have eight cylinders each, develop 2,500 total indicated horse-power when 

running at 140 revolutions per minute. This vessel, now entering her tenth year, with a 

total mileage of nearly 500,000, has proven the same unqualified success as her successors 

and is today in steady service in the Far Eastern trade, while hundreds of steamships com- 

pleted eight years later are laid up on accountof their greatly inferior operating economy. 

Eight cylinders were used to limit the diameter to 530 mm., or 21 inches, which was the 

same as Burmeister & Wain’s largest land engine at that time. Later the number was 

changed to six, which is cheaper to build, requires less engine-room length and has fewer 

parts to take care of. The size of the cylinders was increased by degrees to meet the power 

requirements of the larger vessels employed. The largest cylinders so far built by this com- 

pany are 740 mm., which in six and eight cylinders give respectively 4,500 and 6,000 indi- 

cated horse-power for two screws, turning at 115 revolutions per minute, and suitable for 

cargo vessels of, say, from 11,000 to 14,000 tons deadweight and 12 to 12% knots speed. 

The six-cylinder engine is the same as is being installed by the Cramp Company in the United 

States Shipping Board’s motor ship William Penn, shortly to be placed in service. 

It might be mentioned that the same Danish builder has drawings completed for engines 

having cylinders of 800 mm. or 314 inches diameter, and 500 indicated horse-power per 

cylinder adaptable to intermediate liners. 

As with the steam engine, there is a limit in size of cylinder for a Diesel engine, and it 

would appear that the 31!4-inch is nearing this limit, due principally to liner thickness re- 

quired. Considerations of convenience for handling the parts on board vessel are also in- 

volved. It would seem that the next logical step with the four-cycle engine for increasing the 

power to more than 500 indicated horse-power per cylinder is to resort to the double-acting 

piston. From the standpoint of elimination of heat troubles, the condition is believed to 

be more favorable for the double-acting four-cycle engine than for the single-acting two- 

cycle engine, as the maximum temperature at the first part of the power strokes is alternately 

distributed to the two ends instead of continually to one end of the cylinder as with the 

two cycle. 

The adaptability of the motor ship in having its auxiliaries electrically driven and the 

advantages resulting from the same were at the beginning recognized by Burmeister & Wain 

and incorporated in their first vessel. As the internal-combustion engine by nature requires 

an external source of power for starting and maneuvering, the same power can be effectively 

used for other purposes as for driving pumps in engine-room and deck machinery. The sav- 

ing in fuel thus made, being about one-tenth that of a steam vessel when in port, it should 

be observed, is due primarily to the efficiency of the Diesel engine driving generators and 

not so much to the electrical transmission as some have been led to assume. 

In the earlier installations two large auxiliary engines were used, each driving a genera- 
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tor and compressor in tandem, the latter being uncoupled when in port. This was soon 

replaced by three, and now, as in some of the larger vessels, by four, small sets having 
generators only. The compressors on the main engines at the same time were changed from 

single high-stage compressors, taking their air from the maneuvering air system to inde- 

pendent three stage compressors. For the two low-pressure air compressors, one of which 

was always operated at sea, was substituted one motor-driven compressor for maneuvering 

purposes only. This latter arrangement is better in that the high and low-pressure air sys- 

tems are not interdependent and the auxiliary power plant is more flexible. From an opera- 

ting standpoint it is also better, as, by having more than two sets and being small in size, they 

can be overhauled in turn at sea, relieving the work of the engineers’ personnel in port, 

whose time should then be given to more important port duties. 

There has been much discussion as to whether the two or four-cycle engine is better. 

Judged in the light of the number of motor ships in successful operation, at present the four 
cycle has the decided advantage. 

The special claims made for the two-cycle engine is that more power can be obtained 

per cubic space of cylinder, from having double the power strokes of a four cycle, and hence 

less weight and space occupied; also that the two cycle, having no exhaust valves to cause 

trouble, can burn the lower grade oils of high sulphur content. 

The four-cycle advocates dispute these claims by saying that the two-cycle engine cannot 

run with as high mean pressures in the cylinders as the four cycle if internal heat troubles 

are to be avoided, and that the combustion is not apt to be as complete as in the four cycle. 

They also point out the lower mechanical efficiency, resulting from negative work required 

for scavenging, and hence higher fuel consumption. With the rings passing across the open 

ports wearing conditions are not so good as with the unbroken liner surface of the four cycle, 

and the cylinder lubricating oil consumption is much higher than the four cycle due princi- 

pally to the oil being scraped into these ports and blown out through the exhaust. It is also 

stated that with the long pistons required, scoring is apt to result from misalignment caused 

from wear at crossheads and guides. The two cycle originally dominated the field of the light 

high-speed submarine engine, but after some ten years have been spent in its development it has 

been superseded in this field to a great extent by the four cycle. This would not have been 

possible if there is any inherent advantage in the two cycle as to weight for a given output. 

Moreover, in the long trade routes, which is the merchant motor ship’s chosen field, it must 

be obvious that the conceded superior economy of the four cycle will give an advantage in 

deadweight cargo capacity more than sufficient to offset the advantage in weight of machin- 

ery claimed, but not yet proved, by the two-cycle advocates. 

Some makers, who originally built four-cycle engines and changed to two cycle, have in 

recent years changed back to four cycle, and others, who have always built the four cycle, are 

known to be experimenting with the two cycle. All experienced builders are fairly well 

agreed, however, that the Diesel engine works best at low speeds due to the nature of the 

injection and burning of the oil, and that the large cylinder engines better burn the lower- 

grade oils. Oil of higher sulphur content, though, as commonly used under boilers, is not 
to be recommended, as the sulphuric acid formed in the burning not only affects adversely the 
exhaust valves of the four-cycle engine but attacks impartially the exhaust pipes and other 

parts of either the four or two cycle. 
Some makers have advocated the solid injection or injection of the fuel by pressure 

alone, with which Vickers has been most successful. The chief difficulties encountered with 
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such a system are in getting good combustion at all running speeds and loads and the elimina- 

tion of the shock in the cylinder, which is apt to occur with the sudden rise in pressure 

when fuel is injected. The advantage claimed is that compressor troubles are entirely elimi- 

nated with a correspondingly higher mechanical efficiency obtained than with air injection. 

The fuel consumption, often erratic, however, under the most favorable conditions, is no bet- 

ter than the air injection full Diesel. It is also questioned if an oil pressure from 2,500 to 

4,000 pounds per square inch is more to be preferred than an air compressor and its corre- 

sponding air system having a pressure of 850 to 900 pounds. 

The Diesel electric drive has been suggested by some, using direct current supplied by 

several high-speed engine sets working in series. The sponsors of this system apparently 

have either taken their cue from the turbine electric drive or are more familiar with the elec- 

tric end than the shortcomings of the high-speed Diesel engines. To reduce the weight of 

the engines and space occupied sufficiently to compensate for the additional electrical equip- 

ment involved, the engines must necessarily be high speed and of the trunk-piston type. The 

engines would correspond in design to that halfway between land and submarine practice. 

The disadvantages of such a system compared with the direct drive are as follows: 

1. Loss in reliability in the prime movers. 

2. More major overhauls, as lifting of cylinder covers and drawing of pistons, due 

to poorer combustion and passage of lubricating oil from crank case. 

3. About 30 per cent more fuel per knot, 15 per cent chargeable to higher fuel con- 

sumption of engines and at least 15 per cent electrical losses with the small-size generators 

used. 

4. Lighter grade and more expensive fuel oil required. 

5. Much higher lubricating oil consumption associated with high speed and trunk pistons. 

6. Possible vibration troubles associated with high revolutions. 

7. Necessity for using objectionably large motors of the commutator type for transmis- 

sions of power from engines to propellers. 

8. Greater complication of controls and more expert knowledge required of the engi- 

neer personnel. 

9. Tendency to overwork the personnel with the frequent overhauls required with high- 

speed engines when operated continuously at full power. 

10. Danger of short circuits. 

11. Short life of high-speed engines compared with slow-speed engines. 

12. Higher first cost and maintenance charges. 

With the higher consumption of fuel and lubricating oil per indicated horse-power 

combined with the electrical losses involved and the better quality of fuel oil required, the 

total expenditure for these items will be about 50 per cent more than with the direct-drive 

system. 

The Diesel electrical system has been specially recommended for converting existing 

steamers. It is believed by the authors that this can be far better accomplished by using 

a long stroke engine turning at the low revolutions required. Work has been done along 

these lines by Doxford and Cammell-Laird, using the doubled opposed piston, and also Bur- 

meister & Wain have developed a line of long stroke engines, with a stroke bore ratio of 

two to one, specially adapted to single-screw vessels. These latter engines are to be recom- 

mended for new vessels, as well, of 5,000 tons deadweight and less, on account of less engine- 

room personnel required, important in small vessels, and the dispensing with one shaft alley, 

which is also important in this size ship. 
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For new motor ship construction, over 5,000 tons deadweight, two screws are to be 

recommended. In smaller vessels there is little difference in propulsive efficiency between 

single and twin screws. For larger ships, however, the efficiency is more favorable with the 

two-shaft arrangement due to well-known conditions affecting propeller performance, includ- 

ing the better immersion of the two smaller propellers under all conditions of draught. In 

the larger vessels, also, the saving in space by having only one shaft alley is not so important, 

and the length of engine room will be less with the higher-speed standard-stroke engines. 

A comparison will be given showing the estimated increased earning capacity of a motor 

ship over a corresponding oil-burning steamer as can be anticipated in actual service. The 

size of vessel chosen has the same general dimensions as the motor ship Afrika, owned by 

the East Asiatic Company, and which is similar to the William Penn and the two motor 

ships building for the United American Lines. 

The steamer is single screw with double reduction gearing and compound turbines and 

Scotch boilers. The revolutions for the vessel is taken as seventy, which is conservative prac- 

tice, to favor propulsive efficiency which for convenience here is assumed the same as the twin- 

screw vessel. 
The ships are of the awning-deck type having a nominal deadweight carrying capacity 

of 13,000 tons when loaded to 31 feet 5 inches draught. They are 445 feet between 

perpendiculars, 60 feet beam and 42 feet moulded depth, with a block coefficient of .782. 

The shaft horse-power of the turbines is taken as 3,500 which is equivalent to the 4,500 

indicated horse-power of the Diesel engines. The cost of the vessels to build, based on prob- 

able cost of labor and material in the immediate future, is assumed $150 per ton for the 

steamer and $165 for the motor ship. The $200,000 additional cost of machinery for the 

motor ship, including deck machinery, is considered fair where the Diesel work is well 

standardized. 

The fuel oil consumption at sea for the steamer with 16° Beaumé oil is taken as .95 

pound per shaft horse-power, all purposes, which should be realized in service with properly 

designed turbines and double reduction gears and coordination of auxiliaries. For the motor 

ship, with oil of 22° Beaumé, the consumption is taken as .31 pound per indicated horse- 

power all purposes, which is usual with motor ships belonging to the East Asiatic Company. 

The cost of oil in American port, per recent quotations, is $2 for fuel oil for steamer and 

$2.30 for Diesel oil of gravity indicated. It is necessary for the steamer to take on addi- 

tional oil in a foreign port which is assumed double that in an American port. 

The route chosen is from San Francisco to the Far East and return, calling, for example, 

at Yokohama, Hong Kong, Manila and Honolulu, with a total distance of 15,500 knots. The 

number of days at sea and in port is taken from percentages for similar vessels operating 

over similar routes, and the number of days in port include that for loading and unloading, 

repairs and docking, holidays, etc. 

The cost of personnel is based on scale of wages in effect the first part of this year 

with sustenance at $1.25 per man. This is estimated with 27 for the deck officers and crew 
for either vessel, and for the engine room 19 and 14 men respectively for the steamer and 
motor ship. 

The freight rate for bulk cargo is estimated as $27 per 100 cubic feet and for dead- 
weight cargo as $13.50 per ton which is fairly well in accordance with present rates. 

The itemized figures are as follows: 
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Cost of Operation Per Voyage. 
Steamer. Motor ship. 

Insurance (4%); depreciation (5%), 92 days................ $44,200 $48,800 

Brokerage, at $0.15 per ton cargo capacity................... 3,440 3,660 

Overhead and general expenses at $20 per gross ton, per annum. . 45,600 45,600 

PURE IENO NE fess Sic y ce mete ame aye Day fails ohedeas eli ee sia: Siekay’, bats 0)! oy 45,900 15,260 
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Loading and discharging of deadweight tons at $1 per ton and 
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Total cost for deadweight cargo (per voyage) ....... $183,440 $156,550 

Loading and discharging of bulk cargo at $2 per 100 cubic feet 
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vatespery lO Oleic aneetynr inant seein tusinels Sie lelo wie sualsldlale dans $27 $27 

Girossrevenue fombulkgearcoley na ogee sss ees ss des sees see $239,000 $251,100 

Costroioperation) perivoOyagenry scale leone acts cs acme $183,940: $156,870 

INGiaKeEVieMte) WET VOYAGE May Veena coy cree sila iss) Aaa eis seco eles $55,060 $94,230 

INGierevenlielpen AMMUIMy reuse Mae Si4z)s ies Mls sls oie tees ws dicea seas $218,500 $374,000 

ermcentjearnedion investmentasoaa4s. see sss leone ss ee 11.2 17.4 

From the foregoing it will be seen, for the particular conditions chosen, that the motor 

ship has an increased earning capacity over the steam vessel of 66 per cent on deadweight 

and 55 per cent when bulk cargo is carried. In addition to the bulk cargo, there can be 

carried on the outbound trip 544 tons of oil, which, at $13.50 per ton, will increase the 
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amount earned on investment from 17.4 per cent to 18.73 per cent or 67 per cent better than 

the steamer. 

The above figures can be used as a basis for working out a comparison for any route 

which will vary directly with length of voyage and the size of the vessels employed. 

A brief description of the motor ship William Penn will be given, as it was the first large 

vessel of this kind owried by the United States Shipping Board. The performance of this 

vessel in service will be of particular interest, as it is to be operated over the same route and 

by the same operating company as the electrically driven ship Eclipse, recently put into 

service. 

The hull, having been originally intended for a 3,000 shaft horse-power single-screw 

turbine installation, is not exactly suitable to the Diesel engine installation of 4,500 indi- 

cated horse-power, or 3,500 shaft horse-power. For best efficiency, due to its high block 

coefficient, the vessel should not be driven over 10% to 11 knots in service. The screws 

have accordingly been designed for lower turns than that for which the engines were in- 

tended, so that the designed mean indicated pressure, upon which the efficiency of engines 

somewhat depends, will be maintained. 

The William Penn has a length between perpendiculars of 439 feet 6 inches, beam of 

60 feet, depth moulded to shelter deck of 36 feet 8 inches, and draught of 28 feet 434 inches, 

corresponding to 12,375 tons deadweight The length of engine-room space was maintained 

the same as for the steam-driven sister ships. A built-up column was added to tie the middle 

of the engine-room double bottom to the shelter and bridge decks, to prevent possible syn- 

chronous vibrations being set up between the main engines and the hull’s structure. 

The main engines are, as previously stated, six cylinders, each of a bore and stroke of 

740 mm. and 1,150 mm., respectively. Along the port side are arranged the three auxiliary 

engines each driving 65 kilowatt generators, and along the starboard side the maneuvering 

compressor and bilge and ballast pumps. The lubricating and salt-water cooling pumps are 

placed near the forward bulkhead and the fuel oil pump and reserve air compressor aft, 

between the main engines. In this vessel a fresh-water closed cooling system, with cooler 

and fresh-water pump, has been added for the cooling of the cylinders and covers. This is 

a precaution against mud being deposited in the spaces, which is liable to occur with deep- 

draught vessels when navigating shallow waters and rivers. The salt cooling water is main- 

tained for the main compressors and piston cooling, which is also used for cooling the fresh 

water. 

THE CHAIRMAN :—For the benefit of those who have come in since we opened these 

proceedings, let me say that it was thought desirable to have both papers before there was 

any discussion; that the discussion should then take in both subjects. At the close of the 

discussion some pictures will be thrown upon the screen by Mr. Shaw, by Mr. Warriner 

and by some others. 

Paper No. 2, by Mr. Robert Warriner, is entitled, “Reduction Gears for Ship Propul- 

sion.” 

Mr. Warriner presented the paper. 



REDUCTION GEARS FOR SHIP PROPULSION. 

By Rosert WarrINER, Esg., MEMBER. 

[Read at a special meeting of the Society of Naval Architects and Marine Engineers, held in New York, 

May 26, 1921.] 

The past ten years have seen rapid development of the reduction gear for ship pro- 

pulsion and something like one thousand merchantmen so fitted have been built or are 

building. The venture has not been an unqualified success, but the proposition is attrac- 

tive enough to warrant careful study and discussion so that the faults can be eradicated 
and a reliable manufacture arrived at. 

The turbine, perhaps, is the simplest machine for turning the energy of steam into 

power but its best efficiency and simplest construction are obtained with high speed of revo- 

lution; on the other hand, the best efficiency of screw propeller is attained with compara- 

tively low revolutions and to take advantage of the best in these two it is necessary to use 

some means of reduction, either electric, hydraulic or gearing. 

The first application of reduction gear for ship machinery was on the S. S. Vespasian 

by Sir Charles A. Parsons, and following this there were a few applications to special 

steamers and cruising turbines for war vessels and the main drives for some destroyers. It 

was not, however, until the shipbuilding activity which resulted from the war had attained 

full swing and the urgent need for all kinds of machinery was felt, that the reduction gear 

drive was made a leading type of propulsion machinery. 

The development was so rapid that most of this machinery was decried and built with 

scant knowledge of the real requirements for sea service and with none of the essential expe- 

rience which comes from actual practice under continued service conditions. It should also 

be remembered that the number of gear cutting machines was very limited and those in 

use, with a few exceptions, were rather small, and no doubt this led to some reduction 

gears being designed to meet the existing facilities for machining and cutting teeth. There 

was also considerable trouble in getting special material and it was necessary to use what 

was available. As a consequence there have been some unfortunate experiences which have 

raised doubts in the minds of many engineers as to their ultimate success. On the other 

hand, there are a number of examples where reduction gears are giving good service and 

showing better economy than reciprocating engines under the same steam conditions, and 

there is no doubt that by adopting a conservative design and manufacturing on sound lines 

this type of machinery can be made more reliable, economical and easier to handle than 

other kinds of steam machinery. 

The Neptune, built by the Sparrow’s Point Plant of the Bethlehem Shipbuilding Cor- 

poration, was the first vessel of the U. S. Navy to be fitted with turbines and reduction 

gears for main propelling machinery. The equipment was manufactured by the Westing- 

house Machine Company (since consolidated with the Westinghouse Electric and Manufac- 

turing Company) and the boat was put in commission in August, 1911. 

The economy of the machinery was not satisfactory and the contractor offered to re- 
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place the machinery with turbines of much higher revolution. This necessitated, also, chang- 

ing the gears, although they were quite satisfactory. This new machinery was fitted and 

put into operation November, 1915, and has been in successful operation ever since, the ship 

having sailed over 180,000 miles since November, 1915. 

The U. S. S. Wadsworth, built by the Bath Iron Works, Ltd., was the first destroyer of 

the U. S. Navy to be fitted with reduction gears for the main drive. She was authorized 

in March, 1913, and completed June, 1915. The machinery is twin screw and develops 

16,000 shaft horse-power, that is, 8,000 shaft horse-power for each set and 4,000 shaft horse- 

power per pinion. The turbines are compound, the high pressure on one side and the low 

pressure on the other side of the large wheel, and the revolutions are: Propellers 450 revo- 

lutions per minute, high-pressure turbine 2,494.5 revolutions per minute, and low-pres- 

sure turbine 1,509.8 revolutions per minute. One peculiarity of this gear is that there is 

only one helix. The steam thrust of the turbine acts against the propeller thrust and any 

difference between the two is taken by a Kingsbury thrust bearing. This vessel was a remark- 

able advance on any previous destroyer of the U. S. Navy, both as regards speed and efh- 

ciency, and during the six years of service has operated in a very satisfactory manner. 

There are now about two hundred and fifty destroyers fitted with geared-turbine drives. 

These are all single reductions of various makes and no trouble is being experienced with 

them. 
The double reduction gear was introduced for the turbines of the battleship Nevada. 

They were built by the General Electric Company and were distinctly novel. There is a single 

high-speed turbine in each set and the pinion engages two wheels which in turn are coupled 

to the two pinions of the second reduction and engage in the large driving wheel. The 

shaft horse-power developed by each of these cruising sets is 1,750 and the speed reduction 

23.35 to 1. These gears were tried out November 9, 1915, and proved very satisfactory, 

the efficiency of the vessel from 10 to 15 knots being improved some 30 per cent at 10 knots 

to 10 per cent at 15 knots. 

The same type of double reduction was further developed and fitted on the Pacific, built 

by the Union Iron Works, and on the Sucrosa and Mielero, built by the Fore River Shipbuild- 
ing Company. These sets were what is known as the “two-plane” type (Fig. 5, Plate 5), 

the first stage or high-speed gear being comparatively small and carried above the center 

of the main drive. This allows the latter to be as large as can conveniently be housed in 

the ship and lends itself to sturdy, short second speed pinions. 

After making a few of the two plane gears, the single-plane type of double reduction 

(Fig. 4, Plate 5) was introduced as a means of increasing production. The change led to a 

rather cramped design as the low speed wheel has to be contained between the centers of the 

high-speed train and cannot be increased without increasing the latter, and this limitation 

led to a very considerable increase of tooth pressures. The units so designed are small and 

showed a saving in weight and, as they performed well at the outset, the manufacture of this 

type was generally adopted. 

We have now a variety of reduction gears in service and enough running has been 

done to show that some types are good for continuous service and to point out some of the 

defects in design, handling or manufacture. 

Lack of knowledge of gears and their requirements on the part of the engine-room 

staff, improper lubrication, failure to keep the oil clean and free of water, especially salt 

water, are some of the causes of wear and complicate the task of distinguishing between. 

4 
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the good and bad of design or material, but this is a condition which is rapidly improving and 
there are now plenty of engineers experienced in the handling of turbines and gearing. 

The lubricating oil systems of most of the later boats have been standardized on the 
lines set forth in a paper by Messrs. Smeltzer and Fernald, read before the Society in No- 
vember, 1919. 

The gravity system insures a constant pressure of oil to all parts of the engine, and 
the increased capacity of drain and gravity tanks allows for a slower circulation of the oil 
and provides a reserve supply which will last a few minutes after the pumps stop and allows 
the turbine to be safely shut down. The settling arrangements are greatly improved and the 
use of the DeLaval separator will do much to improve the condition of the lubricating oil. 

There is still frequently encountered the misconception in regard to lubrication that the 
lower the temperature of the oil fed to the machine, the better will be the lubrication. The 
gears would, of course, run better with cool oil or oil of high viscosity, providing it is not too 
cold to reach the wheels from the spraying nozzles, but bearings require oil of low viscosity, 
and as it would be cumbersome to have two oiling systems it is necessary to compromise be- 
tween these two, and it has been found from experience that, with oil of 500 seconds 
Saybolt viscosity, good results are obtained on both gears and bearings when the inlet oil 
temperature is between 100° and 110° F., that is to say oil at a viscosity of about 450 seconds 
Saybolt. Bearings fed with oil of low temperature are found to generate more heat and 
wear rapidly, whereas with oil of proper viscosity the wear, over considerable periods, is 
practically negligible. 

Accuracy in the cutting of the teeth and machining casings, assembling and setting 
up of parts is absolutely essential for insurance of good running. The clearance in the 
bearings must also be uniform so that in whatever direction the pressure is to be taken 
they will maintain the pinions in a true line with the wheels. The casing should be made as 
stiff as possible and will be better if it is so designed that it is rigid enough to hold its form 
when placed on the ship seatings for the process of fitting the packing blocks. The two- 
plane and three-plane types are specially advantageous in these respects as the depth is so 
great as compared with the area covered by the gear. Ship seatings should also be de- 
signed so that they will add to the stiffness of the casings. A ship is generally quite flexible 
and alters considerably with change of trim and works due to the action of the sea. It seems, 
therefore, desirable to make the seatings so that they will not be influenced by the movements 
of the ship, that is to say, they shall be substantial structures set down on the ship’s bot- 
tom and free of all connections to the ship’s side or bulkheads which would have the effect 

of transferring to the gears the movements of the ship. They should be arranged to main- 

tain the alignment of the gears and turbines, and not, as is so often the case, to add strength 
to the ship’s structure. 

The maintenance of the contact of the pinions and wheels along the whole face is a 
matter of one or two thousandths of an inch and unless this alignment is strictly main- 

tained it means that the work has to be done by only a part of the face and that the part 

which actually does the work is subject to increased pressure. 

Undoubtedly some gears have been manufactured with tooth pressures greater than 

present day materials and manufacture will stand. Devices for giving flexibility and 

to compensate for misalignment have been tried out in the test house and have shown 

the capacity of gearing to work under loads far in excess of those used in service. These 

tests would be carried out under the best conditions with little to distort the casings or to 
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upset the alignment. The conditions at sea, however, are entirely different and it is diffi- 

cult to estimate what may have to be taken into account. Apart from the alteration in a 

ship’s structure due to loading or trim and running light there is the occasional disturbance 

due to heavy weather, the effect of which cannot be calculated. With the reciprocating en- 

gine the results are apparent and it is necessary to ease down and stand by, but with the 

turbines and reduction gears considerable variations may take place in the revolutions with- 

out making themselves felt except by a change in the hum of the engine. The constant 

change in inertia has all to be taken up by the teeth and it has been noted that gears which 

are heavily loaded wear rapidly in stormy weather. 

The tables (Plate 4) show the principal dimensions of gears by different makers, Fig. 

1 for double reduction gears and Fig. 2 for single reduction. These are by no means 

complete but are representative of what has so far been made. Plate 5 shows diagrammati- 

cally the arrangement of wheels and pinions for a variety of reduction gears and is explan- 

atory of some of the terms used in the paper. 

The single reduction sets are generally satisfactory and out of the large number fitted 

there have been very few failures. The tooth pressures are not excessive; those for war ves- 

sels may be fairly high, but they have only to work at full power occasionally and for very 

short periods. The turbine speeds are usually moderate and the inertia of the moving parts 

correspondingly low. It is easy to estimate the load on each pinion due to the turbine, and 

the difference between mean and maximum torque is much smaller than in the case of double 

reductions with their high-speed turbines. In the latter (Figs. 4 and 5, Plate 5), where a 

single turbine is used to drive two sets of wheels and pinions, it is difficult to assemble them 

so that work is divided evenly between the two sets, and any uneven wear or adjustment of 

the bearings will throw most of the load on one side or the other with an increase of the tooth 

pressure on that side. 

Some of these gears are also solidly coupled together so that there is no give in the 

gears themselves to compensate for this uneven loading. 

The single reduction gears under column 9, Fig. 2, Plate 4, have given considerable 

service. They were installed on the Orizaba and Sibboney and were manufactured by the 

DeLaval Company. Both of these vessels were operated under very severe overload con- 

ditions during the war. The Orizaba has steamed, to date, over 225,000 miles and the Sib- 

boney 175,000 miles. It is stated that when the gears were last examined they were in excel- 

lent condition. All the other gears of this sort, tabulated, are, so far as can be learned, 

operating well, though the mileage is much less than in the case of the two ships quoted. 

Amongst the double reduction gears there are some cases of extended running which 

point to the loads which gearing will stand safely. The S. S. Pacific in service since Decem- 

ber, 1915, still has the original low-speed gears, which, on last report, had made 240,000 

miles. The S. S. Sucrosa in service since July, 1916, also has the original low-speed gears 

after running 225,000 miles. The high-speed train was renewed after 120,000 miles. The 

S. S. Mielero had the original gears still in use after three years running during which she . 

made 160,000 miles. These are all of the two-plane type (Fig. 5, Plate 5) and were made 

by the General Electric Company. 

The design tabulated in column 1, Fig. 1, Plate 4, has given an excellent account of 

itself and there have been no break-downs or repairs. Some of these units have been in service 

over two years and show little sign of wear. Those tabulated under column 3, Fig. 1, Plate 

4, have also given excellent service. Both of these are Falk gears. 
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In regard to double reduction gears of the single-plane type the results are various, but 

there are few which have seen 100,000 miles of sea service, and this type is not likely to be 

repeated to any great extent. 

After studying the results obtained on various types the author suggests the following 

table of tooth pressures as being the maximum which it is safe to use: 

Iz 
K —— 

VV D 

P = Pressure per inch of working face 
D = Diameter of pinion in inches 

K D 

Double reduction gear with a single turbine : 
where a single pinion meshes with two high- Eipsuaneed 120 Seton 
speed wheels coupled to two low-speed pinions 
driving one low-speed wheel ................ Low speed 180 % to 16” 

Double reduction gear, single or compound, |) High speed 150 6” to. 9” 
where each turbine drives a single wheel and 
PANionys oycpocte te cista love lore eis oie sYousle leisioiarstelsyeeia sere Low speed 220 9” to 16” 

Single reduction gears, constant service ........ Ra hi Nee inte 2 175 

Single reduction gears where full power is only : 
ieee duoceasionallyaepafalctereiatfetarsyacishdererereteieverelee | Mister 250 

One further important item is the length of helix in proportion to the diameter of the 

pinion, and the constants quoted are based on the assumption that this ratio does not exceed 

2 to 1 and should be reduced to 1.5 to 1 whenever possible. 

The material of the casing and bearings is practically standard. The oil well and the 

gear-case cover are sometimes made of cast iron and sometimes are built of steel. The cast 

iron serves to deaden the noise of the gears and is to be preferred, but good results have 

been obtained with the steel covers by lagging them with felt and sheet iron. The general 

construction for the wheels has been either cast iron or cast steel spiders with rolled rims 

of mild steel shrunk on and pinned and in which the teeth are cut. Gears of the Alquist 

type are formed of steel plates (laminated) bolted together on a hub or disc, the plates being 

separated from each other to a depth of a few inches. This gives a certain amount of flexi- 

bility when new, but it is found that the teeth rapidly grow together. Some of the gears we 

have now in service have solid steel spiders with teeth cut in the rim. They are made by a 

special process and come out quite sound. Those tried have given good results, and the 

structure being finely granular it is believed that they will wear better and be less subject to 

pitting than the mild steel forged rims. 
Difference of practice is found in the material for the pinions; some prefer high carbon 

steel and others nickel steel, chrome nickel or chrome vanadium steel. It is believed that the 

alloy steel will be found to give the best results as the structure is so different from that of 

mild steel and the material appears to have better qualities. The pinions are made as hard 

as they can be cut and they are usually heat treated to secure the necessary degree of hardness. 

In some of the gears which have passed through our hands which have been manufac- 

tured ahead of requirements and have had to lie in storehouses for a few months it has been 

found that the pinions have distorted. Some of these had to be removed on account of noise 
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or vibration, and on inspection it was found that both bearings and teeth had altered so much 

that it was necessary to regrind the bearings and recut the teeth. This would seem to show 

that when first made there were stresses in the material which annealing had failed to re- 

move or which had been left by the heat treatment. It is suggested that it would be advisable 

to make casings, wheels and pinions ahead of time and allow them to stand out in the weather 

so as to get rid of these internal stresses, before machining. 

Considerable difference has been found in the life of gears of the same design, between 

those fitted amidships and those fitted in the stern of the ship, the latter wearing more 
rapidly. The inertia of the turbine is much greater than that of the propeller and shafting, 

and the turbine will run with practically uniform angular velocity while the motion of the 

propeller will be uneven due to the different conditions of water, depths, etc. This variation 

will have little effect on the gears when transferred through the long, flexible shaft of the 

machinery fitted amidships, but with the short shaft for those fitted in the stern of the vessel 

this variation of torque will be reflected on the teeth without any damping due to the shaft. 

When reduction machinery is fitted in the after end of the ship it is better to fit the turbines 

aft of the gears so as to make the line shaft as long as possible. 

A number of gears have been fitted with a flexible shaft between the turbine and pinion 

or between the high-speed wheel and second-speed pinion. This device was patented by Mr. 

Day of the Falk Company for use on reduction gears where the torque from a single pinion 

has to be delivered through two wheels and pinions to a single wheel. The device is illus- 

trated on Fig. 10, Plate 5. The pinions are made hollow and a flexible shaft passes through 

the center and is made just large enough to carry the load safely. It is attached to a turbine 

or high-speed wheel by a solid coupling and to the after end of the pinion by means of an 

extensible pin coupling. The weight of the shaft is taken in an easy fitting bearing at the 

end of the pinion. These torsion shafts are admirably placed for taking up the variation be- 

tween the propellor speed and that of the turbines and eliminate to a great extent the tur- 

bine vibration being communicated to the gears. 

The superheater has, so far, not found much favor in America for marine purposes, and 

considering the number of turbine-driven vessels that are being built it is surprising that 

so Many are working without superheat. The turbine under the same steam conditions 

gives an efficiency of 10 to 15 per cent better than the reciprocating engine. From the actual 

service results of three steamers of the same capacity and in the same trade and running 

55,000 miles a year, the one with triple-expansion engines used 335.3 pounds of oil per knot 

and the other two with turbine machinery used 281.5 pounds and 282.5 pounds of oil respec- 

tively. This could have been improved considerably by the use of superheat with very little 

increase in the cost of the turbines. Practically all that would have been needed would be to 

make the high-pressure end of the casing of cast steel instead of cast iron. 

There is shown in Table I a comparison of machinery for 20,000 deadweight tons com- 

bined ore and oil vessels, showing the relation as to the weight, space, cost and operating 

expense for reciprocating engines, turbines and reduction gears, Diesel and electric drive 

on these particular vessels. In this the Diesel engine is rather at a disadvantage owing 

to the necessity of fitting considerable boiler power for heating the cargo oil. All the sets 

are twin screw. 
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TABLE I. 

Reciprocating Turbine Diesel Electric drive 

BHeecoLslixpy Knots lief w aaetelarstaeleirestetelictarel ats 11.5 11.5 11.5 11.5 

Diameter of propellers..... ...2....eesieeeees 17’ 6” 15/ 8” 15/ 8” 15/ 8” 

Revolutions per minute........-.-..eeeeeeeeee 76 105 105 105 

S. H. P. for 250 sea miles per day ............- 4,136 4, 350 4, 350 4, 350 

So I8l. TES TESST oc ono Sh oop denousbbocoadae 4, 600 5, 800 5, 000 5, 800 

Weight of machinery and water-tons........... 1, 060 914 1, 267 981 

Weight of machinery in lbs. per max. S.H.P... 517 353 567 379 

Space occupied by machinery, cubic feet........ 171, 826 171, 826 192, 251 171, 826 

Total weight of hull and machinery, tons....... 9, 350 9, 200 9, 700 9, 267 

Net carrying capacity of ship bunkered for 20 
days’ steaming and 8 days’ reserve fuel, tons. . 18, 775 19, 220 19, 482 19, 153 

Comparative cost of machinery ........-....... 100 98.3 123.5 128.3 

Fuel consumption per day, 250 sea miles, tons .. 60 48 24 48 

Estimated cost of operating per day* ........... 

(Greve reeves nace ts ere cchts eielalenansyatel ranean ct eee 13.33 13.33 14.46 13.33 

IRGETHC B8 COME ee oe ME Oe Sere EE Sey ere et a 11.34 11.34 11.34 11.34 

Storesieysrretee remy daisies le aisiealetioa dvete’s Bekeeals 4.82 4.82 7.89 4.82 

PROVISIONS rye l poy sieve ieee ahi se el oieleecel inleien 3.97 3.97 4.26 3.97 

Wepreciabionusredetntesloierei sists iolelal ley= le leve ets 27.10 27.00 29.83 30.10 

Insurance.......... Pyapulaya uaevctninete Mia tees ah 17.60 17.53 19.40 19.67 

General ietsrertrapsestslaieratieisbe ists /ot a sacieeyaesietsices 1.42 1.42 1.42 1.42 

Bure leonora tae peasioeices eee wiser 20.42 16.34 8.18 16.34 

Tra taligeeaeccie cane ysyocastosahe oc otic ys one 100.00 95.74 96.38 100.99 

Per deadweight ton ......... ............ 100 90.7 93.2 99.3 

* Based on total of 100 for reciprocating machinery. 

25" & 41” < 68” 

48" 
drical boilers 17 feet 6 inches diameter by 12 feet long, operated at 190 pounds per square 
inch and 20 degrees superheat, oil fired and with heated air forced draft. 

The turbine machinery is cross compound with single reduction gears, turbine revolutions 
1,930 per minute to 105 at the propellers. The boilers are the same size as for the recipro- 
cating set and arranged for 220 pounds per square inch working pressure and 200° F. super- 
heat. The water rate for the turbines will be 9.6 pounds per shaft horse-power per hour. 

The Diesel machinery consists of two engines, each with six cylinders 2534 inches di- 

The reciprocating engines are triple expansion and there are three cylin- 
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ameter by 48-inch stroke, two cycle. In this ship all the main and auxiliary deck machinery 

is driven electrically. 

The electric drive consists of one turbo-generator with an auxiliary generator to give 

a speed of about six knots, and two large motors, one on each propeller shaft. The boilers 

are the same as for the turbine drive. 

This comparison was not made out to favor any particular engine and is probably a 

fair representation of the relative weight, space and costs of the different types of machinery 

for these vessels. With the cheap rate for oil which it is possible to secure on the particular 

service for which the vessels are designed it is found that the turbine machinery makes the 

most attractive proposition, but as regards the mere cost of operation this advantage would 

swing to the Diesel engine with an increased cost of fuel, that is, providing the Diesel en- 

gine would operate satisfactorily on the same low grade of oil as is contemplated for firing the 

boilers. 

It is considered that the turbine installation is the simplest to operate and will entail far 

less repair at the end of each voyage, so that the turn around can be made in quicker time, and 

that is of the greatest importance when special arrangements are made for loading and un- 

loading, so that the time for this is counted in hours and not days. The turbine set has the 

further advantage of great flexibility and can be driven up to 15 per cent over normal full 

power when required. 

It is interesting to note that the cost of the turbine installation is somewhat less than 

that of the reciprocating machinery, and if the boilers had been reduced to the extent war- 

ranted by the decreased steam consumption of the turbine there would have been a still fur- 

ther reduction in weight and cost. It was, however, considered to be an advantage to have 

the boilers operating under easier conditions for the normal full power and to have available, 

when required, the extra power and speed. 

The arrangement of the turbine and gears is shown on Plate 6. 

When comparing the efficiency of turbines and reciprocating engines it is usual to con- 

sider the best steam consumption of both. The turbine having good clearances and no wear on 

the parts affecting economy should maintain its efficiency, but the reciprocating engine falls 

off rapidly, due to the wear on valves and piston rings, liners and cylinders. 

The question of gear efficiency has been much debated and various factors have been 

given from time to time. The Falk Company devised a means of testing them under full 

load, for bearings and teeth, with a motor large enough to supply the amount lost in friction 

only. This was further extended so that they could be tested for efficiency and tests were 

subsequently made on a number of gears, the results of which the Falk Company have kindly 

allowed me to add to this paper. 

The first of these was on two sets of single reduction gears for one of the 35- 

knot destroyers built by the Bethlehem Shipbuilding Corporation at Fore River. The method 

is shown on Plate 7. The two gears, port and starboard, are placed back to back with a 

space of 10 or 12 feet between them. The main shafts and pinions are coupled together, 

the latter by means of torsion shafts with large couplings so that the twist on the shaft 

can be varied at will. By this means it is possible to put the same load on the bearings 

and to run the gears at the same tooth pressures and under the same conditions as when 

operating on board ship. The two sets are driven by a D. C. motor at the required speed 

and the power developed by the motor represents the friction of all the gears and bearings 
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in the two units. The thrusts are not loaded, but these are not a part of the gears, and as 

they are only located in the casing for convenience of manufacture they should not be in- 

cluded in the gear losses. The results are corrected for motor efficiency. The oil service 

and lubrication are the same as for actual service. 

In the case of the destroyer gears a number of tests were run with various loads and 

speeds so as to obtain a curve for the efficiency over a range of speeds and powers. The 

curves for the actual tests are shown for one-quarter, one-half, three-quarters and full power 

torque, each over a range of speeds (see Fig. 4, Plate 8), and from these further curves have 

been developed showing the efficiency at various speeds, powers and revolutions at which 

the machinery would work in the ship, Fig. 5, Plate 8. It will be seen that the maximum eff- 

ciency is 98.3 per cent at full torque and about one-half speed. In a ship, however, this 

condition is not used and the maximum efficiency is only 97.3 per cent. The bearings of 

these sets are very ample and account for the major part of the friction loss. Further ex- 

periments were made with shortened bearings and showed a gain in efficiency, but the curves 

are given for the actual gears as installed. 

A summaty of other tests is contained in Plate 9. 

Test No. 2 was made on units of single reduction gears for the passenger ships for the 

U. S. Shipping Board. These units were designed for a normal horse-power of 10,000, but 

the test was made at 12,000 shaft horse-power as shown with a gear efficiency of 98.1 per cent. 

Test No. 3 was made on units for passenger ships similar to No. 2, but designed for 

12,000 shaft horse-power. These were made at a later date and the improvement is shown 

by the increased efficiency. 
The fourth test was made on a pair of double reduction gears with compound turbines 

and was carried on continuously for eleven days. The conditions were maintained very nearly 

constant and the efficiency, 96.8 per cent, is very good for this type of machine. 

Column, 5, Plate 9, is for a similar set of gears with improved bearings, an arrangement 

which resulted in increasing the efficiency to 97.3 per cent. 

The author is indebted to Mr. P. C. Day for the information on these reduction gear 

tests and to the Falk Company for permission to use them; also to the DeLaval Company, 

Westinghouse Manufacturing Company and the General Electric Company for the informa- 

tion and data furnished by them. 

DISCUSSION. 

THE CHAIRMAN :—Gentlemen, I think it is sufficient for me to say that you have been 

favored with the presentation of two papers as simple, as complete and as understandable 

as any papers that have been heretofore presented on these same subjects. 

The field is open to you all now for discussion. You can discuss both papers at once 

if you please, and it is advisable for the speakers to come to the front, in order that they 

may be more easily and readily understood in all parts of the hall. The floor is open. 
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Mr. Donatp Matuirson, Member (Communicated) :—I wish to convey to Mr. Met- 
ten and Mr. Shaw my regrets not being able, owing to strike trouble, to be at the meeting and 
my congratulations for their excellent, practical paper which offers shipowners just the right 

kind of information. 

Mr. Joun Martin, Member:—Mr. Chairman and members, it is not so much a dis- 

cussion as it is a tribute I would like to offer for a moment. About ten days ago it was my 

good fortune, representing the American Bureau of Shipping, to attend the sea trial of the 

motor ship William Penn, equipped with Diesel engines by Mr. Metten and Mr. Shaw for 

the Cramp Company. 

The trip was notable in the marine-engine history of this country inasmuch as we have 

just learned from the authors that the William Penn is the largest American ship fitted with 

Diesel engines, and its successful trial performance marked another blaze in the trail the 

end of which may be our ability to meet the lower operative costs of foreign ships and get 

our share of the world’s trade. 

On this trial the ship was stopped, started, run at different speeds over measured miles, 

maneuvered in various ways such as ahead with starboard propeller and astern with port, 

with helms alternately with and at variance with propellers, and finally a many-hour endur- 

ance run, during all of which the engines and auxiliaries functioned perfectly with a notice- 

able absence of vibration in all parts of the ship. 

I take this occasion to felicitate Messrs. Metten and Shaw upon their accomplishments, 
and believe it would be of great interest to the members present to know how closely the 

ship’s performance met their estimates. Of this latter Mr. Shaw enlightened us tonight, and 

I am sure you were very much interested to learn that the ship’s performance met very nearly 

their estimates. (Applause. ) 

Mr. CHESTER B. Mitts, Visitor:—With the chairman’s permission I will endeavor to 

throw a ray of hope into the hearts of the naval constructors of the coming generation. 

The advantages of the Diesel engine in economy of fuel over other prime movers has 

long been recognized, and this type of engine is rapidly moving to the forefront where econ- 

omy of fuel is a prime consideration. The disadvantages of the Diesel engine in its present 

conventional form, however, are its complexity, great size and weight per brake horse- 

power developed. A tremendous amount of energy and skill has been expended in attempts 

made to simplify the design, eliminate the air compressor and lower the manufacturing cost. 

It will be of interest to members of the Society to know that one of the workers in this 

field, Mr. E. A. Sperry, has struck out on a pioneer trail in the direction which will pro- 

duce a heavy oil engine with a number of new characteristics, chief among which is its low 

capital charge because of the greatly simplified construction, low weight per brake horse- 

power, great economy of operation, and noticeable gain in space occupied by the engine and 

machinery. The weight of this engine for the same power and revolutions is between one- 

tenth and one-twentieth that of the conventional engine, and it will require approximately 

one-fourth the floor space. What this means in the powering of a ship will be readily appre- 

ciated by naval constructors. 

This engine as constructed is more efficient through the carrying out of compression 

and expansion in two stages, with expansion to practically atmospheric pressure. It is noise- 

less and burns, without carbon or smoke, ordinary bunker oil. Having fewer parts, its 

mechanical efficiency is higher. High speeds are practicable through the employment of new 
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methods of burning the fuel, and rotational speeds up to 1,500 revolutions per minute are 

perfectly practicable and have been demonstrated. The engine is high compression and 

auto-ignition. 

This new engine is not limited to the use of the higher priced Diesel oils but runs on 

the cheapest grade of boiler fuel oil. It does this without the use of a spray air compressor. 

The combustion chamber being about 30 per cent of the piston displacement and approaching 

a hemisphere in shape, makes possible the use of the simplest form of solid injection system. 

It will be seen from the above statements that a real, serious attempt is being made to 

produce a light, compact and efficient prime mover, the commercial introduction of which will 

mark an epoch in the development of the Diesel engine in this country. This engine is in 

an advanced stage of development, and commercial construction on several applications is 

already under way. 

In connection with the development of this engine, and in order to provide any Diesel 

type of engine with speed flexibility approaching that of the steam engine, there has been 

developed an electro-magnetic clutch operating on an entirely new principle, rugged in design 

and construction, consisting of but few parts and capable of being built to transmit practically 
any range of horse-power. This new type of clutch transmits torque entirely through air 

gaps and has no mechanical contact whatever between the driver and driven. It is capable 

of remote control and may be operated at any speed from zero to full engine speed, the 

torque being under full control. The power required to operate the clutch at full load is but 

a, fraction of 1 per cent of the power transmitted. On direct drive the clutch has a unique 

feature of being magnetically locked together and transmits full engine power without slip 

and with an enormous increase in pull-out torque. 

Mr. BENJAMIN G. FERNALD, Member:—This discussion was prepared jointly by my 

associate, Mr. C. O. Tappan, who is not a member, and myself. 

The Society is to be congratulated on having secured the presentation of these two papers. 

The authors of both papers occupy a leading position in the marine engineering field and are 

connected with companies which either build or furnish all types of propelling machinery, 

and are therefore well qualified to discuss the subject authoritatively and without bias. 

Relative to Mr. Warriner’s paper, we are in substantial accord with the author’s conclu- 

sions throughout, and our only criticism of any of his statements on the foregoing points 

is that in the last paragraph of page 14 he limited his imputation of “lack of knowledge of 

gears and their requirements” to the engine-room staff. In our opinion the trouble experi- 

enced with marine reduction gears was due as much to “lack of knowledge of gears and 

their requirements” on the part of the designers and constructors as to the operating staff, 

although the latter certainly contributed their quota. It would be possible to discuss the 

whys and wherefores of gear troubles at sufficient length to fill a volume of the Society’s 

transactions ; however, we believe that those who have been in close touch with the situation 

are satisfied that geared turbines of both the single and double reduction type, which will 

operate with reasonable reliability and quietness, are now procurable for any type of vessel 

for which such equipment could be considered. 

The ultimate efficient life of reduction gears is not as yet established, and we believe 

it is doubtful if either turbines or gears of any type can be expected to furnish useful service 

for such periods of time as slow-speed reciprocating engines. This deficiency, however, could 

be taken care of by applying a more liberal amortization percentage to such installations 

when comparing them with more durable types of propelling machinery. 
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Mr. Metten and Mr. Shaw in their paper have covered much the same ground in treat- 

ing Diesel engines, and we agree with their conclusions as to both reliability and fuel economy 

of certain types of Diesel engines. The Diesel engine has unquestionably established its right 

to fair and equal consideration on its merits. 

We believe, however, that the most valuable feature of both papers is the analysis of 
operation of specific ships in specific routes with various types of propelling equipment. In 

the case selected by Mr. Warriner he analyzed the operating cost of the same ship equipped 

with different types of propelling machinery and concluded that the geared turbine will make 

the best showing. Mr. Metten and Mr. Shaw have carried their operating analysis further 

and have furnished more details and reduced their comparison to the basis of net annual reve- 

nue for the ship and the percentage earned on the investment. Their comparison is also 

based on a specific ship in a specific route and shows the motor ship to be a better invest- 

ment than a turbine-operated steamship. Superficial consideration of such opposite conclu- 

sions does not necessarily indicate that either of the authors is wrong. They both may be 

and probable are right for the ships and trade route selected. 

The advocacy of any particular type of propelling machinery for all classes of vessels 

and for all trade routes, without a searching analysis of probable operating results and the 

compilation of comparative operating balance sheets, is a very short-sighted policy. Very 

few designing and constructing engineers have been in a position to secure information 

from actual operating records enabling them to apply to their theories the acid test of per- 

formance. On the other hand, operators of vessels and their superintending engineers have 

in many cases been too willing to let well enough alone. There is seldom that degree of 

cooperation between the builders and operators of ships which is necessary to accomplish 

the ultimate end of all commercial activities, viz., earning the highest return on a given 

investment. 

After being without a merchant marine for many years, this country has by force of 

circumstance become possessed of a huge tonnage which eventually must pass from govern- 

mental control to that of corporations and individuals. Whether we continue to have a mer- 

chant marine will depend on the profitable operation of our ships by the owners. 

Mr. Metten and Mr. Shaw infer that this result can be achieved only by the wholesale 

conversion of the propelling equipment of these ships to Diesel engine drive or the building 

of new motor ships. In our opinion such a conclusion is not warranted by a critical analysis 

of one ship for one trade route. 

Assuming equal reliability and flexibility in operation, the only advantages which one 

type of propelling equipment can have over another are: 

(a) To deliver a unit of power with less fuel and supplies. 

(b) To have a lower first cost installed (including any extra cost of hull to 

accommodate). 

(c) To weigh less. 

(ad) To occupy less space. 

(e@) Require lower operating labor cost. 

(f) Lower maintenance cost. 

No type of machinery which does not have an advantage over all others on all of the 

six points mentioned above can be recommended for universal application. The Diesel 

engine is by no means a new device. Its theoretical and actual saving of fuel has been gen- 

erally known and admitted for approximately twenty years. Its general adoption has been 



DISCUSSION ON MAY MEETING PAPERS. 25 

retarded because of the slowness of designers and builders in achieving reliability in opera- 

tion. The real reason, however, for the abnormal delay in its development is because it is 

inherently weak on first cost and weight. 

A factor working in favor of the Diesel engine will be found in the uncertainty of 
obtaining a fuel supply at reasonable prices at all world ports. Because of its fuel economy 

it has been possible with the motor ship to make a complete round trip of almost any dura- 

tion with one bunkering, and bunkering could be done at the port of call where fuel prices 

were lowest. 

Economic conditions may bring about a reduction in the cost of coal and the wages of 
firemen without a corresponding decrease in the price of Diesel fuel oil, in which case it is 

not only conceivable but probable that an application of the same method of analysis, which 

today indicates the wisdom of selecting Diesel propelling machinery, will tomorrow give its 

verdict for reciprocating engines and coal-fired boilers. 

Perfection of the electric drive, including electric auxiliaries, by whatever type of prime 

mover operated, may reduce the necessity for labor to a point where a modification of the 

navigation laws may be secured and the use of this type of equipment justified by the reduc- 

tion in operating labor costs in spite of its higher fuel cost. Another point to be consid- 

ered is that progress has been made not only in improving reduction gears, but the highly 

efficient Ljungstrom type turbine which has already been applied to the electric propulsion of 

ships has recently been applied by the Stal Works of Sweden to a special reduction gear so 

that its economy is now available for gear drives. 

In November, 1919, we investigated for a foreign client the Diesel-engine situation as 
existing at that time and reported the following conclusions: 

1. The Diesel motor ship has demonstrated its reliability, high fuel economy and the 

advantage of its use on long trade routes, especially in the Far East where suitable cheap 

crude oil is obtainable and the long cruising radius makes it independent of coaling stations. 

2. The designs of Diesel engines are still in the formative stage, and developments may 

be expected within a short time that will greatly increase the brake horse-power per cylin- 

der with no serious sacrifice of efficiency and with a marked decrease in weight, cost and 

space occupied. 

3. The 4-cycle Diesel engine at the present time (this was at the date I mentioned, in 

1919) has more fully demonstrated its reliability than any other type of marine internal- 

combustion motor. 

As a part of the same investigation a complete operating analysis was ee for the pur- 

pose of determining the best type of propelling machinery for a standardized 8,800-ton 

vessel for the run between San Francisco and Tokyo, and the operating balance sheet showed 

an advantage in net annual operating surplus of 10 per cent for geared turbines over recipro- 

cating engines and 9 per cent over Diesel engines. The investigation was completed in 

about three weeks. We did not have available detail figures for costs of construction and 

operation such as would be availabie in a conference between a shipyard and an operating 

line, and many of our figures were necessarily estimated. The figures for crew wages and 

maintenance, cost of vessel, cargo rates, etc., were furnished by the superintending engineer 

of our client. Certain other items included in the balance sheet of Mr. Metten and Mr. 

Shaw were omitted from our report, some through oversight and some through intention, 

because our client preferred adjusting the figures later from his own records rather than 

to delay the report. 
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We are submitting a copy of this balance sheet for printing in the transactions of the 

Society, thinking that it may be of some use in arriving at a correct basis for comparison. 

(Plate 10.) 

At the time this work was done we could not discover in the technical press or trans- 

actions of the engineering societies on file in the libraries any complete comparative oper- 

ating balance sheet, although there were many half statements, misleading from their incom- 

pleteness, contained in publications seemingly conducting a propaganda in favor of certain 

types of propelling machinery. 

Shortly after our report was completed the Division of Operations of the U. S. Ship- 

ping Board prepared a most exhaustive analysis of the propelling machinery situation from 

the standpoint of operating costs and return on investment. 

If it may now properly be made public, we hope that this report of the Division of 

Operations, or the essential features of it, may be included in this discussion either by the 

Shipping Board or by Mr. Robert L. Hague and Mr. A. P. Allen, who, we believe, were 

responsible for its preparation when they were connected with the U. S. Shipping Board. 

In view of the fact that there is no recognized standard form for the preparation of 

an operating balance sheet and such arbitrary percentage charges as interest, depreciation, 

etc., are also not standardized, it seems to us that this Society could to advantage appoint a 

committee selected from members active in the design, construction and operating ends of 

the shipping business, to prepare a standardized form and method of comparing different 

types of propelling equipment. Similar work has been done by other engineering societies 

in standardized specifications, methods of testing boilers, other machinery, etc. (Applause. ) 

Mr. Wititiam W. SmitH, Member:—The paper contributed by Messrs. Metten and 

Shaw is of timely interest, since many owners and shipbuilders have been investigating this 

subject with the view of obtaining higher economies in operation. 

Referring to page 5, where the authors point out that the policy in Great Britain and 

the Scandinavian countries differs from our own, it should be borne in mind that the eco- 

nomic conditions there are somewhat different. The price of oil is considerably higher 

than here, and labor is cheaper. Also, most of the motor ships, as far as I know, are 

employed on long trade routes, where the cost of oil is much higher than here. These con- 

ditions are more advantageous for the motor ship. In general, the character of the service 

has a large influence in determining the most economic type of machinery. 

The authors’ remarks on page 8, in connection with high-speed engines and electric 

transmission, are of especial importance and are entirely concurred in. My conclusion is that 

high-speed engines are particularly undesirable for marine installations, which, first of all, 

must be reliable. The speed of the direct-connected engine is as high as it should be, and 

it seems unwise to go to higher speeds. Speeds between 250 and 350 revolutions, such as © 

have been proposed for the generator engines, seem to be far beyond the limit for reliability 

under marine conditions. 

It may be noted that the piston speed of the engine used in the comparison is 867 feet 

per minute, and that the revolutions are 115, which is high enough already for this type of 

installation. 

On page 8, reference is made to converting steamships by installing Diesel engines. 

The entire replacement of a machinery installation is a very expensive proposition, and con- 

sequently the savings due to the new installation would have to be very large indeed to justify 

this. In some cases, depending on the machinery and the character of service, a complete 
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replacement possibly will be of advantage, but in most cases I think it would not be profitable, 

considering that the average book value of vessels is considerably below the first cost. In 

the average steam engine or turbine vessel, I believe it would prove more profitable to install 

superheaters. This can be done at comparatively small expense and will result in a saving 

of fuel of between 15 and 17 per cent. 

On page 9 the authors recommend twin screws for new vessels of over 5,000 tons 

deadweight. Considering the types of oil engines in general service at present, this view 

is concurred in; but if a satisfactory engine is developed for single-screw propulsion, this 

type will no doubt be preferable, for the reason that the installation will be considerably 

lighter, less expensive, and the operating staff will be reduced. Our investigation of this 

subject shows a marked advantage for a single-screw installation for the usual cargo vessel. 

Referring to the difference in cost between the motor and turbine vessel on page 9, 

the relative values given are considerably different from what we have found. The cost per 

ton as given is 10 per cent more for the motor vessel; it is not stated, but I presume this 

is per deadweight ton. We found a difference of about 40 per cent more per deadweight 

ton, and about 28 per cent more per ton of average cargo capacity, allowing for fuel, etc., 

based on a long voyage. 

In this connection, it may be noted that there are differences in the two vessels which 

influence these values. The vessel in the table has 3,000 tons more deadweight, smaller 

engines, and apparently lighter auxiliary machinery. 

With reference to the cost of fuel oil, the authors use a difference of 15 per cent. Our 

information, which was obtained about a year ago, showed an average difference of about 

25 per cent between 12 to 16 degree steam oil and 18 to 22 degree Diesel oil. 

The voyage selected by the authors for the comparison is a long one and is therefore 

more favorable to the Diesel engine. It should be kept in mind that this comparison cannot 

be applied generally and only holds good for the particular conditions given. 

The speed of the turbine propeller is quite low, whereas the engine speed is quite high. 

The weight of the turbine installation is therefore greater relatively than it should be. We 

made a comparison for a 12-knot vessel using 90 revolutions for the turbine and 105 for 

the oil engine. The weight given in the table for the turbine installation wet is 515 

pounds per shaft horse-power, or 27 per cent more than the weight of our turbine installa- 

tion, which is 405 pounds per shaft horse-power. The weight given by Mr. Warriner in his 

paper is 470 pounds, and if allowance is made for boilers and auxiliaries which are too large, 

and considering the fact that this is a twin-screw vessel, his figure would be reduced con- 

siderably. It would therefore appear that the turbine weights as given are rather high. 

The oil consumption of our turbine was 1.08 pounds per shaft horse-power, with the 

following conditions at the turbine: Steam pressure 200 pounds gauge, superheat 25 degrees, 

vacuum 28% inches. 

The authors give a consumption of 0.95 pound of oil for the turbine, the steam condi- 

tions not being mentioned. I presume, however, that a moderate degree of superheat is 

used. This is a good performance for the turbine, but it is not the best which can be obtained 

by using a higher degree superheat of about 200° F. 

The oil consumption of the Diesel engine is 0.40 pound per shaft horse-power for all 

purposes. This is a good average performance for the main engines only and is the value 

which we used in our comparison. For all purposes we allowed 0.45 pound per shaft horse- 

power, which includes the auxiliary engines and donkey boiler. 
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The figures for the cost of operation, on page 11, are considerably less for the steamer 

and very much less for the motor ship than we found. It appears that both the operating costs 

and the earnings for both vessels are optimistic for the freight rate specified. 

The table shows that there is a saving in the cost of the engine-room staff, but we 

did not find this to be the case. It should be remembered that the Diesel vessel has twin 

screws and requires more routine work and attention when in port. Fifteen men were 

allowed by us in both cases. 

The comparisons which we have made show that the earnings per year are about as 

follows, based on conditions which prevailed some time ago: 

1. Voyage from New York to Hong Kong via Panama Canal— 

Steamer. Motor ship. 

Net earnings in per cent of first cost................... 11.32 13.47 

INetearine ssn percent iolsteamennse eer eee eerie ene 119 

2. Voyage from New York to Seattle, via Panama Canal— 

Steamer. Motor ship. 

Net earnings in per cent of first cost................... 14.73 11.4 

Net earnings in per cent of steamer.................... aeters 774A 

This illustrates the fact that the earnings will differ with the character of the voyage. 

The first voyage was based on the price of oil as given in Table I herewith; the second was 

based on steam oil at $18.26 per ton and Diesel oil at $23 per ton. 

Taste I—Comparison Between Geared-Turbine and Diesel-Engine Machinery for Cargo 

Vessel. 

Length—425 feet; speed, three-quarters loaded, 12 knots; displacement, full load, 14,050 tons; deadweight 

capacity, about 10,000 tons. 

Turbine. Diesel. 

SSELUP For 12) knots isfniloadedii. cushy lid. A) shel ene ten eget val dilate 3,100 3,020 

Weeishtvotumachinenyrdnysa tons nis \er alse eee setae keine 470.5 1,052 

WieichtotanachineryawetitolsHnaenrere eee er neereeite eaten aerer 560 1,060 

Weichtiotmachinenyawetu per se ide babs ann seen ener antici 405 785 

Deadweight: capacity ptomsi seis. tae ice ae ie Ce IEE ec oat 10,050 9,500 
Bale-capacity, cubic feet iy oais) ine id eben eee aie pee Ie oid aelcoeallesopeeatt 497,000 493,000 

Voyage from New York to Hong Kong via Panama Canal. 
Turbine. Diesel. 

Oil consumption for all purposes, Ibs. per S.H. P..................- 1.08 0.45 

Huvelkconsumptiontpersyeataitonse me ae ae eerie ae iia 8,978 3,468 

Fuel consumption, per cent of turbine. 25-..22.22--.5-+----5--2-4: 100 38.7 

Cost ‘or tuel per ton; (dollars) ste. ok ce ae eee oe = ake Ce 23.85 29.90 

Costioffiuelipersyear (dollars) Aa eros eee opener eae 214,000 103,700 

Costof tueliper centyor turbines). sees oe ee ee eee 100 48.5 

In connection with our comparison, the following may be noted: 

1. Cheaper oil will be more favorable to the steamer. 

2. The steam plant is not the most economical and the lightest type, and further im- 
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provement to the extent of about 20 per cent could be made in fuel consumption by using 

steam superheated to 200 degrees and by other improvements. 

3. The oil engines run at a lower speed than those used by the authors. A reduction 

in weight and cost can be effected by the use of higher speed engines, if this is considered 

advisable. 

4. The engine-room and deck auxiliaries are based on British practice and are more 

liberal than those used on Danish type motor ships. We considered this was desirable to meet 

American requirements. 

5. Changes in costs and economic conditions will also modify the comparison. 

I desire to point out two important characteristics of the Diesel installation, the first 

being favorable and the second unfavorable. 

1. The fuel consumption and the cost of fuel are extremely low. 

2. The weight and first cost of the installation are extremely high. 

It would seem that the trend of development should be towards reduction of weight, 

and it is believed that not until a substantial reduction of weight is effected will the Diesel 

engine have material advantages for American conditions, sufficient to induce its general 
adoption. 

In general our conclusions in regard to Diesel engines are: 

1. That Diesel engines are not advantageous for all services, and the most economic 

type of machinery will depend on the particular conditions to be met. 

2. Turbine machinery with high superheat will prove more advantageous for ordinary 

voyages and moderate fuel prices. 

3. The Diesel engine will be advantageous for long voyages and high fuel prices. 

4. From the information available, it appears that a successful single-screw installa- 

tion will have a considerable advantage for most cargo steamers. (Applause. ) 

THE CHAIRMAN:—Mr. Smith wishes now to speak on the Warriner paper. 

Mr. Smira:—Mr. Warriner has contributed a very valuable paper, which is of especial 

interest at this time. There are a large number of geared-turbine vessels in service, and the 

present trend, more especially in Great Britain, is toward the general adoption of geared 

turbines for marine propulsion. 

Geared turbines have been adopted by our Navy Department for all surface vessels 

except battleships and battle cruisers. Great Britain and Japan have adopted this type for 

all surface vessels. The British battle cruiser Hood is equipped with geared turbines which 

develop 150,000 horse-power. The machinery of this vessel has been a marked success and 

has advantages in weight, space and economy in steam consumption which it will be difficult 

to surpass under similar conditions. The machinery of this vessel is of especial interest in 

comparison with our electrically driven vessels. 

Geared turbines have been adopted by many British steamship companies for the largest 

and finest of their recent passenger steamers, including the Cunard liners Scythia and 

Samaria, the Anchor liners Cameronia, Tiburnia and Tyrrhenia, and the Pacific Navigation 

liners Orduna, Orbita and Oropesa. This type has also been widely adopted by British 

owners for cargo and channel steamers. i 

American owners have not been as progressive as the British in adopting geared tur- 

bines, although several have apparently adopted this type. There are, however, many geared- 

turbine vessels under the American flag, most of which were built for the Shipping Board 
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during the war. Unfortunately, the geared-turbine installations of many of these vessels 

were defective and naturally gave trouble, as Mr. Warriner points out. Unfortunately, also, 

the operation of many geared-turbine installations has been so unspeakably inefficient that 

the machinery could not be expected to survive. 

There is nothing especially difficult about the operation of geared turbines. They 

have characteristics which are peculiar to them, like all kinds of machinery, and, if the pre- 

cautions necessitated thereby are not observed by the operating engineers, trouble results. 

Nearly all of the trouble with geared turbines has been caused by ignoring absolutely these 

essential precautions. In this connection I may say that, if an owner does not intend to 

have geared turbines operated strictly in accordance with their requirements, he will be 

unwise to put them in his vessel. On the other hand, if he desires to effect large economies 

and increase the earning power of his vessel substantially, he can do so by using geared tur- 

bines, but in such cases he must see to it that they are operated properly. Perhaps this may 

be a little more trouble to start with, but he will be repaid handsomely for his pains. 
Referring to the troubles experienced with geared-turbine vessels due to improper instal- 

lation and operation, and especially to the conditions during the war and subsequent thereto, 

I would suggest to owners that these troubles are not a proper criterion from which to 

judge the merits of geared-turbine machinery. There are numerous successful geared-tur- 

bine installations both here and abroad, and both merchant and naval, which show conclu- 

sively the possibilities and advantages of good geared-turbine installations when properly 

operated. 

The advantage of the geared turbine for merchant vessels is economic—that is, its use 

results in larger earnings. The chief features which produce this advantage are the 

following: 

1. Less steam and fuel are consumed and the cost of fuel is less. 

2. The weight of the geared-turbine unit is about half that of the steam engine. The 

boilers and other auxiliary machinery are smaller and lighter, since less steam is produced 

and used. 

3. The first cost of the installation is less, due largely to smaller boilers and auxiliaries. 

The cost of repairs depends considerably on the size and first cost. 

4. The cargo carried is greater, due to less fuel and lighter machinery. 

These economic advantages are well worth the consideration of the owner, and especially 

during the pinch of present conditions, where high operating costs make it difficult to com- 

pete successfully. 

Mr. Warriner has properly emphasized the great importance of accuracy and rigidity 

of construction. While some concerns are very efficient in this respect, others are not quite 

so. It will pay the owner to examine into these features carefully in selecting machinery 

and while having it built and installed. Guarantees will not cure inaccurate work. 

The foundations for geared turbines should, as pointed out, be extremely rigid. In 

this connection it seems best to err on the safe side by allowing a very large factor of 

safety ; for in spite of designs and instructions, the riveting of foundations is not always as 

solid as it should be. : 

Due to the flexibility of the vessel, perfect alignment of the shafting abaft the gear is 

not possible under all conditions of loading. The shafting, when out of line, tends to force 

the low-speed gear out of one of its bearings. Should this occur, the gear teeth will be 

thrown out of alignment, which will cause heavy local pressures on the gear teeth. For 
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this reason the low-speed gear bearings should be made very ample, and the clearances should 
be made as small as possible. 

In a number of recent ships, principally British, the thrust bearing is located well abaft 
the gear and is carried on a heavy foundation which forms part of the gear foundation. This 
arrangement has the advantage that the steady bearings contained in the thrust bearing will, 

if closely fitted, help considerably in preventing the shafting from throwing the gear out of 

line. The same result can be obtained by using one or two heavy steady bearings with 

closely fitted caps carried on strong foundations abaft the gear. Where the machinery is 
located in the stern, this precaution is of still greater importance. 

Referring to page 15 of his paper, Mr. Warriner observes that heavy weather conditions 

at sea are very different from the normal conditions and that the pressures on the gear teeth 

are greatly increased under such conditions. This statement was fully borne out by actual 

observation on the Neptune, which was equipped with a Westinghouse hydraulic dyna- 

mometer which indicated continuously the load on the teeth of the gear. In heavy weather it 

was observed that the average pressure increased considerably and that there was a con- 

stant and large fluctuation in pressure, which varied with the rolling and pitching of the 
vessel. 

In ordinary heavy weather the average dynamometer pressure increased to 84 pounds, 

which was 24 per cent above the pressure of 68 pounds at the same revolution per minute, 

with a light wind and a fairly smooth sea. The variation in pressure was about 20 pounds 

above and below the average. In very heavy weather the increase was still greater, and, as 

I recall, the maximum pressure was well over 50 per cent above normal. In both cases, how- 

ever, the revolutions were from 15 to 20 per cent below the designed. 

It is my conclusion, from the observation of gear operation in heavy weather, that con- 

servative tooth pressures should be used and that gearing should be able to stand continuous 

operation at pressures well above the designed maximum. This allowance will of course 

depend on the type, speed and service of the vessel. For ocean merchant vessels I would 
suggest an allowance of about 50 per cent based on continuous land operating conditions. 

Referring to Mr. Warriner’s remarks on page 16 and to Figs. 4 and 5 on Plate 5, the 

requirements for dividing the load equally between the low-speed pinions are very difficult, 

and for this reason a very large margin of flexibility should be allowed. This type of gear 

has given a great deal of trouble, a large part of which appears to have been due to inade- 

quate flexibility for the proper division of the load. 

In general a single turbine with these types of gears is not desirable for large vessels. 

Cross compound turbines with gears as shown in Figs. 6 to 9 have advantages in safety, 

reliability and economy which make this type of unit desirable in all except vessels of small 

power. This type has been used in most recent vessels and in general may be regarded as 

the standard type for practically all ocean merchant vessels. 

On page 17 Mr. Warriner advocates the use of cast-steel wheels with teeth cut in the 

rims. I seriously doubt the advisability of this type of construction. It is believed that a 

cast-iron center with a rolled steel rim is more reliable and preferable. One of our vessels 

recently had a serious breakdown at sea due to a defective cast-steel wheel. A section of 

the wheel rim 20 inches on the chord broke off from the high-speed gear wheel when the 

vessel was approaching the Panama Canal en route to New York. Fortunately the low- 

speed gear and the starboard high-speed gears were not damaged, and the vessel proceeded 

to New York under the high-pressure turbine only, the speed being reduced from 11 to 9.4 
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knots, due to cutting out the low-pressure turbine. The load carried on the starboard gear- 

ing was, of course, higher than it should have been; but, on the other hand, this further 

emphasizes the importance of conservative tooth loading. The unit pressures on the teeth 

of this gear under normal conditions are 52 pounds for the high-speed and 58 for the low- 

speed pinion. Under the emergency conditions the load on the teeth was increased about 

30 per cent. The above pressure is the pressure per inch of face per inch of diameter. 

This accident also emphasizes the importance of cross compound turbines. As it was, 

the loss of time was only about two days. With a single turbine the loss of time would prob- 

ably have been over a month and with the possibility of a salvage claim in addition. 

Attention is called to Mr. Warriner’s observations in regard to superheated steam, 

which are fully concurred in. In Table II herewith a comparison is made between the 

ordinary type of steam-engine installation and a steam-turbine installation using super- 

heated steam. This table shows that the saving in weight is 133 tons; that the cost of the 

turbine installation is about three-fourths of the engine, and that there is a saving of 32 

per cent in fuel consumption. The economic advantages of the turbine are very great and 

are too important to be ignored by American owners, and especially so since foreign owners 

are rapidly adopting turbines with superheated steam. 

TABLE II].—C omparison Between Steam Engine with Saturated Steam and Steam Turbine 

with Superheated Steam. 

For a cargo vessel of 11 knots speed, and 2,900 S. H. P. Deadweight capacity 10,000 tons. 

Engine. Turbine. 

Wieiehtot machinery anstallationbsnetsbOnst mre lltene rete eieleiele tele lei leateel 596 463 

Samiey lbs.) pete! Sie ibe vals sory Gal gor ea aay eee ene basco done lo ners stents 461 358 

Costiofamachineryinctallationinypericenteny yet ae err ierer nie 100 755 

Steanmpresstinenaty en cin emlbsqro allo errr trial nieiele ele ceria emit 200 200 

Superheatat ren cine ideo: ri teseloe erie eer er errr orem irene 0 200 

Wactitiin, dm Ches. sith ieee ale ale ot Ae oyig Uae alee fy ai ac padi ae aa eae et 26 28% 
Steam) consumption for all’purpeses pers, El Pe Ibse 3. ae eee Wes: LS 

uelvoilgconstinaptonpets Say llamas Saran eta eee eee ere ee VA) 85 

Same rin) Per «CO mt yr sat 2) cla caler axe ei oielar- eee ue es lea eee ea Ree te tee p Te 100 68 

It is also possible to reduce the steam consumption of steam engines by using super- 
heated steam. By using 200° superheat in the steam-engine vessel given in the table, the fuel 

consumption would be reduced about 17 per cent. 

The comparison given by Mr. Warriner on page 19 is of great interest. We have made 

a number of comparisons of this kind which verify closely the data given, with due con- 

sideration to the type of installation. It should be noted, however, that this comparison is 

based on a twin-screw installation, which is considerably different from the single-screw 

installations of most cargo vessels. In addition to this the comparison, as pointed out, is 

unfavorable to the geared-turbine machinery, since the boilers and auxiliaries are consider- 

ably larger than required. 
It should also be noted that the oil engines are of the two-cycle type. The weight 

of this installation is less and the fuel consumption greater than for the four-cycle type. 

The length of the round voyage is not given, but I presume it is about 10,000 miles. 

This feature has a considerable influence on the expenses and earnings. 
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In general, our comparisons between geared turbines and Diesel engines, and our con- 
clusions from them, are in close agreement with Mr. Warriner’s figures. Briefly, our con- 

clusions are that the turbine installation will give higher earnings for all ordinary voyages, 
but for long voyages the Diesel engine will yield higher earnings. These conclusions are 

based on present conditions and machinery, without regard to future developments, which 
may be important. 

Our comparisons between geared-turbine and turbine-electric-drive machinery show 

that the electrical installation is 90 per cent heavier, that the cost is about double, and that 

the steam consumption is about 6 per cent more. These figures refer to the main propelling 

units only. They include the main turbines, gears and pipe connections for the former. For 

the latter, they include the main turbo generator, main motor, fans, exciter sets, switching 

gear, etc. 

It is obvious from these figures that there is no economic advantage in the electrical 

transmission. In this connection it seems rather futile to advertise and argue advantages 

which are not substantiated by the facts. It may also be noted that this type of transmission 

is not being fitted in British vessels, either merchant or naval. 

The efficiencies of reduction gears as determined by careful tests are of especial interest 

in view of the conflicting statements which have been made recently in regard thereto, espe- 

cially by advocates of electric transmission. It is evident from these tests that efficiencies 

of 94 and 95 per cent, which have been given for double reduction gearing, are entirely 

too low for normal operating conditions. 

These tests confirm the tests and efficiency values which have been given by the Par- 

sons, De Laval, and Westinghouse companies. 

For normal operation under the usual conditions the reduction gear losses may be safely 

taken from 134 to 2%4 per cent for a single reduction gear, with 2 per cent as an average 

value. For double reduction gears they may be taken from 234 to 314 per cent, with 3 per 

cent as an average value. (Applause. ) 

Mr. ALEXANDER SCHEIN, Member:—Mr. Warriner, in his paper, has presented us 

with very valuable data and numerous suggestions for securing successful operation and has 

pointed out important requirements to be considered when designing reduction gears. 

I must use again the same paragraph that Mr. Smith used, but I think our deductions 

are rather different. On page 16 the author refers to the following: “The conditions at 

sea, however, are entirely different, and it is difficult to estimate what may have to be taken 

into account.” In conjunction with this, I wish to take the liberty of pointing out a very 

interesting experiment which was carried out on the S. S. Coronco sometime during the past 

winter, an account of which was given in several of the technical periodicals. 

A test in measuring the distortion of the reduction gear casing was carefully carried 
out under various conditions of the wind and for different headings of the vessel. The 

results clearly indicate that either rolling or pitching causes a very marked distortion of the 

gear casing. However, a combination of roll and pitch results in the greatest distortion and 

accordingly the greatest misalignment in teeth at the line of their contact. 

No doubt some of the distortion of the gear casing is not only due to the ship’s defor- 

mation under severe action of the sea but also due to the inertia of the oscillating masses that 

are in continuous cycles of acceleration and deceleration in synchronism with the roll of the 

vessel. This action is more pronounced in twin-screw vessels. 
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In a vessel that is stabilized against roll, it is quite evident that the distortions in the 

ship’s structure, and also in the gear casing, are considerably reduced, which is conducive 

to decreased wear. 

Automatic records taken upon several vessels in a heavy sea indicate that an increase 

in roll occasionally increases the angle of pitch. This peculiar phenomenon is self explana- 

tory if careful consideration is given to the action of a vessel when pitching without rolling 

or when pitching with a marked angle due to heavy roll. 

Another point of very important magnitude is to be considered when diagnosing the 

trouble in reduction gears, particularly in the high-speed double reduction type, due to the 

effect of pitching, and especially in vessels with a quick period and large angles of longitu- 

dinal oscillations. The gyroscopic effect of large gears, revolving at a high angular velocity, 

when possessing considerable inertia, is of great importance. The resultant pressure on the 

bearings, supporting the pinions and gears, no doubt changes under the influence of gyro- 

scopic effect. 

Bearings naturally must and do have considerable clearance between the babbitted sur- 

face and the revolving journals. This clearance varies with the diameter of the journal, 

method of lubrication, etc. The direction of the maximum pressure upon the bearing will 

be disturbed by the gyroscopic effect and will have the tendency of changing the parallelism 

that existed between the teeth of the gears in contact. 

Gyroscopic effect on many occasions, under the influence of unfavorable sea conditions, 

will express itself in additional distorting strain in the large gears and also in the shaft 

or spindle carrying them. No matter how minute this distortion is, it will effect the mis- 

alignment of the two faces of the gear and pinion, and possibly this misalignment in some 

instances will pass the region of prescribed safety. The gyroscopic effect is co-periodic and 

proportional to the angular velocity of the pitch. 

I may recall a case. Two years ago I passed on a transport to France, studying the 

conditions of the sea, and found that the vessel was pitching 7 degrees on either side of the 

horizontal—that is, about 14 degrees total, with a period of pitch of about 81% seconds. Of 

course there are vessels that have a very much slower period, and naturally the gyroscopic 

effect with a slower period would not be as large, because the angle of velocity is a function 

of the amplitude of pitch and the period of oscillation. 

In conclusion I will refer to the well-known fact that the torsional pulsations in a heavy 

sea are transmitted from the propellers laboring under constantly varying conditions, espe- 

cially in twin-screw ships. The torsional pulsations are due, among other things, to the 

constant change of hydrostatic pressure in the vicinity of the propeller, due to roll, pitch and 

the rotation of blades. Efficiency of the propeller is very much effected when air cavities 

are encountered, this, in turn, increasing the torsional unbalance. 

Extreme cases of a combination of a heavy roll and pitch will force the propeller par- 

tially out of the water, even on a properly loaded vessel. 

It is quite evident that the elimination of roll will reduce the major element of distor- 

tion in any vessel and will also provide the best possible conditions for the propeller to work 

in, thus insuring the highest efficiency and proper performance of not only the gear reduc- 

tion unit but also all the other apparatus aboard ship. (Applause. ) 

Mr. J. T. DaLcHEer, Member:—As previously pointed out by Mr. Smith, the Federal 

Shipbuilding Company has quite extensively investigated the question of comparison between 
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a steam and a motor vessel, and in our case we assumed vessels with a displacement of 14,050 

tons and a normal sea speed of 12 knots, based on the following assumptions : 

Steam Vessel—The machinery consists of oil-fired Scotch boilers, fitted with super- 

heaters to give a superheat of 50° F. at the boilers. The propelling machinery consists of a 

set of compound turbines and double reduction gear developing 3,100 shaft horse-power at 

90 revolutions per minute of the propeller. All auxiliaries and deck machinery are steam 

driven. 

Motor Vessel—rThe machinery consists of two main engines of the 4-cycle type, having 

six cylinders each with a bore of 29 inches and stroke of 46 inches, developing normally 

3,870 individual horse-power at 105 revolutions per minute of the propellers. Auxiliary 

engines are provided for supplying power to the electric driven auxiliaries in the machinery 

spaces and on deck. An oil-fired donkey boiler is installed in the engine room for heating 

quarters, engine room, etc. Means are also provided for heating the fuel oil in settling and 

storage tanks. 

It will be noted that the above engines are designed to develop their normal power under 

ordinary seagoing conditions based on a piston speed of 800 feet per minute and a mean 

effective pressure of 80 pounds per indicated horse-power. The engines as described by 

Messrs. Metten and Shaw are rated somewhat higher, the piston speed being 867 feet-min- 

utes and the mean effective pressure 85.6 pounds per indicated horse-power. This gives a 

total increase in power of about 15 per cent based on the weight of the main engines over 

the design as contemplated in our proposal. 

The weight of the main engines was fixed at 670 tons or 388 pounds per indicated horse- 

power, the total weight of machinery being 1,052 tons or 610 pounds per indicated horse- 

power of main engines, as compared with 454 pounds deduced from the weight given in the 

paper under discussion. 

In order to allow for sufficient space to handle the machinery efficiently, we had to 

increase the length of the machinery spaces 7 feet over the corresponding steam plant. 
Attention is called to the fact that the design used in connection with our comparison 

is based on more conservative ratings throughout, but taking into consideration that this was 

to be our first venture in the particular field, we believe we are fully justified. 

The fuel oil consumption for the main engines was taken at 0.312 pound per indicated 

horse-power, for the auxiliary engines 0.007 pound, and for the donkey boiler 0.031 pound 

per indicated horse-power of main engines, making it a total of 0.35 pound per indicated 

horse-power or 14.55 tons per day. The thermal efficiency of the total plant based on shaft 

horse-power output and 19,000 British thermal units per pound of oil figured 29.7 and 33.5 

per cent for main engines only. As will be noted, the efficiencies are in no way excessive 

and should be maintained in service under ordinary care. 

The total fuel oil consumption as given by Messrs. Metten and Shaw is 0.31 pound per 

indicated horse-power, and making an allowance of 2 per cent for auxiliary machinery and 

8.85 per cent for donkey boiler (percentages given correspond with those as applied in our 

own comparison) leaves a net amount of 0.277 pound per indicated horse-power of main 

engines and a thermal efficiency based on 19,000 British thermal units per pound of oil for 

total plant of 33.7 per cent and for main engines alone 37.7 per cent. 
A comparison of net earnings on initial investment between the two types of vessel 

based on a return voyage of 22,670 miles gives the following result: 
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Steam ship, Motor ship, 

‘ single screw. twin. screw. 
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Mr. W. M. Husxisson, Member:—I would like to make a few remarks respecting the 

first paper which has just been read. The authors have mentioned the solid injection 

of fuel by mechanical pressure without the aid of air blast. This system has been invented 

by Sir James McKechnie and used by Messrs. Vickers since they abandoned the use of the air 

blast injection. 

I would like to call your attention to the sentence in the paper which reads as follows: 

“The chief difficulties encountered with such a system are in getting good combustion at all 

running speeds and loads and the elimination of the shock in the cylinder, which is apt to 

occur with a sudden rise in pressure when fuel is injected.” 

This is a remarkable statement, because no difficulties such as those mentioned have 

occurred. Fortunately, one of our ships happens to have arrived in this port today, so I 

took the opportunity of ringing up the chief engineer and speaking to him on this point. He 

stated that during the voyage out they ran into a fog and had to reduce the revolutions from 

118 to 80 revolutions per minute for over one day, and he also mentioned that in coming 

up the Manchester Ship Canal it was necessary to reduce the revolutions to 40 revolutions per 

minute (this run takes about eight hours), and the combustion was perfect as shown by 

the transparent exhaust at all speeds. I cannot understand why any sudden rise in the pres- 

sure of the fuel should be anticipated, as special means are taken to avoid this, and I think 

that the authors’ fears of trouble on this score are born of ignorance. 

The authors further go on to say that the advantage claimed is that the compressor 

troubles are entirely eliminated with a correspondingly higher mechanical efficiency obtained 

than with air injection. This is quite true. 

Now one would think from this that the advantage mentioned was the only advantage 
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that is obtained by the use of this system, but as a matter of fact there are many, and it was 

because of these advantages that Messrs. Vickers some years ago decided to abandon the use 

of the air blast system. Since that time every single engine that they had previously built 

fitted with this air blast system has been altered to the mechanical injection system. 

I may briefly mention the advantages of the mechanical injection which the authors 

have dismissed so lightly: 

1. Saving in weight.—In a high-duty light-weight engine of 600 brake horse-power a 

total net saving in weight of 4,887 pounds is effected by the substitution of the small fittings 

required for the mechanical spraying system, for the air compressor and its attendant com- 

plication of fittings and pipes. 

2. Saving in space —lIn the case of the above engine, the overall length of the engine 

is reduced by 3 feet, while further space is saved by the omission of the high-pressure and 

low-pressure cooler pipes and their connections. 

3. Reduced cost—The air compressor is an expensive auxiliary to the engine, and in 

view of the simplicity of the mechanical injection system, it follows that the relative cost 

of manufacture of the engine is less than that of the other type. 

4. Economy of fuel—Consumptions down to 0.38 pound per brake horse-power per 

hour, or 170 grammes per force de cheval, have been obtained on ordinary official trials. This 

figure has not been attained in any other type of engine of which we have knowledge. 

5. Number of fittings and pipes reduced.—Less attention and adjustment of the engine 

are required as compared with the air spraying system, due to the elimination of the valves 

and pipes in connection with the air compressor, relieving the engineers in Stange of the 

engine and reducing the cost of upkeep and repairs. 

6. Economy of air for starting the engine—Experience has demonstrated that the 

engine will get under way more rapidly with mechanical spraying than with air spraying, 

this effecting a considerable saving of starting air. Greater certainty is also obtained when 

maneuvering the engine. 

7. Blast action on pistons.—There is a complete absence of blast or blow-pipe action on 

the piston top, and of local heating of the piston, both of which faults have a tendency to 

crack the pistons. 

Not the least of these advantages is the perfect safety of this system over and above the 

chances of an accident with the air-blast injection system. 

I have in my hand a report of an accident to an air-blast injection engine which 

occurred at the beginning of this year. The accident occurred to a large six-cylinder engine 

in an ex-German vessel. I will not weary the meeting by reading the whole of this report, 

but I will mention that the engine was started on fuel and made about 50 revolutions ahead. 

It was then reversed and it made a few revolutions astern when an explosion took place in 

No. 1 spray valve. The damage done was as follows: 

No. rt cylinder.—The top cast-iron casting of the spray valve body was burst into about 

thirty pieces and scattered over the engine room. The nozzle end of the spray valve was 

blown off into the cylinder. The forked lever for lifting the needle valve was broken off 

and two 1%-inch nuts were split and the studs broken off next to the spray valve. 

Nos. 2 and 5 cylinders —Vhe nozzle ends of the spray valves were blown off into the 

cylinders. 

No. 6 cylinder.—Vhe nozzle end of the spray valve was blown off into the cylinder. The 

forked lever for lifting the needle valve was broken at the collar. The explosion was of a 
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very violent nature, pieces being projected in all directions, a steam pipe of 114 inches diam- 
eter being cut in two about 8 feet away from the explosion by one of the pieces of the spray 
valve body. 

Fortunately this explosion was not attended by fatal results, but I think most practical 

engineers will agree it is better to get rid of a system where there is liability of 
such occurrences. 

The authors do not seem to realize that the mechanical injection of fuel is obtained by 

the use of very small and simple pumps and fuel pipes, which are also very small, and have 
an enormous factor of safety. 

With regard to the high-speed Diesel engines for the electric drive, the consumption of 

these engines is as small as that on the larger type. On looking through the official trials of 

over twenty submarine engines running at 380 revolutions per minute, the figures are in the 

neighborhood of 0.382 to 0.386 per brake horse-power per hour; therefore I think that part 

of the disadvantage under the heading of 3 on page 8 should be eliminated. 

Of course everyone must quite agree with the authors that, if American shipowners 

desire to run their ships in competition with European companies, they must employ internal- 

combustion engines. 

Mr. Epear D. Dicxtnson, Member:—Many of the thoughts that had occurred to me 

have been expressed so much more ably by others, especially one remark Mr. Fernald made 

about what we are doing to develop apparatus, that I will not say anything on the subject. 

There are, however, a few points in the paper read by Mr. Shaw which I think we should 

mention here. Referring to page 6 saving on auxiliaries, possible only with electric trans« 

mission of power: The alternative, as I read this paragraph, would mean—I cannot believe 

the authors meant it—to recommend a separate Diesel engine for each winch, capstan, start- 

ing engine, pump and compressor. In practice, the advantage of the oil-engine driving auxili- 

aries can only be secured by the use of electrical means. Regarding the auxiliaries, I am 

glad to see that this has been given prominence, because the same means and therefore the 

same saving can be realized on any ship, and it is in no way affected by the kind of propul- 

sion machinery. 

On page 7 the argument in favor of more than two sets of auxiliary Diesel engines— 

that is, the auxiliary engines—applies to an even greater extent when considering Diesel elec- 

tric propulsion with several generating sets as compared with direct drive. I will not go into 

detail here; of course there is a loss in transmission with Diesel electric drive and there are 

arguments pro and con that we cannot touch on. 

Trade Routes.—The field for merchant ships is wherever a cargo can be profitably car- 

ried. The long trade should be the favored route, in that the percentage of time in port is 

less, but it is sometimes the case that the short route is the more profitable. 
On page 7 I note that cheaper oils are not recommended for oil engines. That, of 

course, is of interest in making comparison with other drives. I do not know of any par- 

ticular troubles now being experienced with Diesel engines of the best types applied to the 

duties for which they are designed. 
I would like to inquire what the authors mean by high speed. The studies of Diesel 

electric drives with which I am familiar are based on using engines of established design, 

moderate speed, rugged construction, and of design and general proportion that long experi- 

ence has shown to be the most reliable. In that particular connection, on the Fordonian, 
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which is now being equipped, the engines were run at 200 revolutions per minute and the 

complete equipment weighs about 20 pounds per horse-power less than the original engines. 
In both cases they are two cycle; the propeller speed is not altered. 

Referring to the twelve disadvantages of electric drive: Nos. 1, 2, 3, 4, 5, 6, 9, 11 and 

12 are based on the erroneous assumption that flimsy and inefficient engines are being used; 

Nos. 7 and 8 must have been written without investigation, (Laughter. ) 

Referring to No. 10, if this is to be construed in its broadest sense to cover all possible 
troubles from grounds or short circuits in generators, motors, control and wiring, investi- 

gation will show that with the low voltage and high class of marine insulation which is being 

used, there is less liability of trouble than may be expected with a high-pressure air system. 

For the reason that Diesel electric drive has been referred to, I would like to take the 

opportunity of mentioning a few points that have been given most serious consideration by 

shipowners. There are several, but, unfortunately, I have not time to go into all of them. 

THE CHAIRMAN :—They can be printed, Mr. Dickinson. 

Mr. Dickinson :—Yes, sir. 

Some authorities of international reputation maintain that single-screw cargo ships are 

more efficient than twin. 

I note that the authors figure on only 15 per cent more for Diesel oil. From some recent 

quotations it would seem that the difference is greater than this by probably 30 or 40 

per cent. 

When apparatus of equal quality is being compared, the same personnel should be 

required for a turbine ship as for an engine ship. 

It is noted that the authors allow the same depreciation and general expenses for the 

steamer as for the motor ship. It would be right to expect somewhat higher maintenance 

on reciprocating machinery. 
With regard to the general use of electricity, Mr. Smith made a remark that it is not 

being done in England. Well, that is interesting if true, but it is being done in England. 

One of the biggest shipbuilders in the north of Ireland is actually building and equipping an 

electrically driven cargo ship at the present time. 

The sum and substance of the matter has been said several times, that for each class 

of freight the proper ship must be put in service. The English had shown us this before 

the war. One company would have several classes of ships, more expensive and more eff- 

cient machinery for the longer routes, and less expensive and slightly less efficient machin- 

ery for the shorter routes. The whole subject of electric drive is altogether too much for this 

evening. (Applause. ) 
The points of particular interest which should be given special study when propelling 

machinery for ships is under consideration are the following: 

1. Reliability—Several engines of moderate size and of proportions and speed which 

experience has demonstrated to be most reliable instead of one or two large direct-con- 

nected engines each having many cylinders. The failure of any one of these cylinders would 

cripple the engine. 

2. Maneuvering Ability—Propeller can be reversed rapidly and continuously (fewest 

motions to maneuver ship). 
3. Simple Engines——Engines not reversed nor run at reduced speed; may be started 
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electrically, simplifying valve and operating gear. Maneuvering air bottles, air compressors, 

reverse mechanism and much other mechanical complication are eliminated. 

4. No Propeller Racing.—Engines run at constant speed and motor speed under con- 

trol in rough seas. No vibration transmitted to engine. 

5. Fewer Auxiliaries—Only one auxiliary generating set required, if any. With elec- 
tric starting, no starting. air tanks or compressors required. 

6. Flexibility.—Efficient operation at all speeds—at reduced speed only enough engines 

operated to supply the required power. 

7. Space Savings.—Machinery space 25 to 30 per cent less, due to small moderate speed 

engines. 

8. Weight Saving.—Diesel electric weight considerably less per horse-power than direct 

Diesel. 

9. Single Screw.—Single-screw construction can be used, reducing hull cost and increas- 

ing propeller efficiency. 

10. No Shaft Tunnel.—With engine amidships and motor in stern, shafting and 

tunnels are eliminated; saves weight and gives undivided cargo space. 

11. Bridge ControlDuplicate control station may be located in the pilot house; of 

great value for certain classes of ships for particular service. 

12. Special Cases.—Diesel electric drive has particular advantages in double-ended 

ferries, tugboats, yachts, self-propelled barges, fishing trawlers, fire-boats, submarines, etc. 

Mr. W. J. FLANDERS AND Mr. E. F. Ciarx, Visitors:—In connection with the third 

paragraph of the paper by Mr. Warriner we would like to call attention to Mr. Hodgkin- 

son’s closure of the discussion of his paper presented before this society at its Philadelphia 

meeting, November 14, 1918, in which he states: 

“T think there can be no doubt but that the present great expansion in the adoption 

of high-speed gearing, whether for shipboard or land use, was pioneered by Melville and 

Macalpine. Their first large reduction gear was tested in 1909, the patents having been 

applied for in 1907. The result of their work was published quite generally and was com- 

mon knowledge both in Europe and the U. S. A. at the time of the Vespasian in 1910. Sir 

Chas. A. Parsons had experimented with gearing previous to this, but we learn from the 

Transactions of the Institute of Engineers and Shipbuilders in Scotland, vol. 44, page 216, 

that he had given up hope of success.” 

In regard to the development of marine gears one must agree that it was too rapid for 

best results, but it is to be feared that the bad results obtained in certain cases were due 

to oversight rather than lack of proper knowledge of the requirements. 

The oil must, of course, be of good quality, but a viscosity of 450 seconds at the ac- 

tual running temperature seems to be higher than is desirable. The gear teeth as well as 

the bearings will generate more heat with oil of low temperature and high viscosity than 

they will with the higher temperature with the correspondingly lower viscosity. As the 

frictional loss will vary very nearly as the viscosity, it is obvious that this viscosity should 

be kept as low as possible consistent with safe operation, and there does not seem to be 

any reason to doubt that, with properly designed gears accurately cut, viscosities as low as 

200 seconds Saybolt under actual running conditions should be employed. 

I think everybody will agree with the author that a ship is generally quite flexible and 

that it is practically impossible to design a gear casing which will not be affected by the 

movements of the ship’s hull. A casing which could be actually supported on only three 
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points and possessed of a high degree of rigidity within itself, such as may be approxi- 

mately with the two or three plane gears, with the additional precaution of very accu- 

rately machined bearings and journals with practically perfect alignment, would undoubt- 

edly operate successfully under the varying conditions to which this ship’s hull is subjected. 

It would seem much simpler, however, to recognize the fact that the gear casing is prone 

to distort and that it is practically impossible to obtain, to say nothing of maintain, the 

desired degree of alignment between pinions and gears, and to employ a structure which 

in itself compensates for these factors. Several instances have been reported where the 

bearings have been seriously worn, due to failure of oil supply or dirt in the oil, causing 

change in alignment between pinion and the pinion supporting structure of as much as 

one-quarter of an inch without any noticeable effect upon the gear tooth. It is needless 
to say that these cases were where the flexible pinion support was employed. This par- 

ticular device for giving flexibility, as pointed out in Mr. Hodgkinson’s paper above re- 

ferred to, has been tried out in service in many instances since 1911 and should, there- 

fore, be considered as somewhat more than a laboratory experiment. Practically every 

gear designer at this time recognizes the inherited difficulties in connection with the de- 

sign of marine gearing and is making a strong effort in one way or another to introduce 

some form of compensating flexibility. 

While it is true that comparatively few single-plane type double-reduction gears have 

traveled over 100,000 miles, a large number employing the flexibly supported pinion 

frame have traveled in excess of 70,000 miles and show no evidence of not being able to 

operate many times this distance without replacement. By incorporating the flexible sup- 

port, this type of gear is reliable; and it offers the very great added advantage of acces- 

sibility. In Mr. Hodgkinson’s paper of November 14, 1918, Fig. 4, are shown curves 

of tooth pressures in pounds per inch of face for varying diameters of pinions, and all 

the gears noted on this curve by the circles show no evidence of requiring replacement 

within many hundreds of thousands of miles. The tooth pressures for the rigid bearing 

gears on this curve correspond with those proposed by the author of this paper, and the 

question would seem to arise: Why limit the tooth pressures for the larger size gears to 

approximately half of what may safely be allowed? 
The question of noise with the steel gear covers was one that was active with the 

Westinghouse Company some time ago. Tests were made in steel, cast-iron, wooden and 

lagged steel covers, and while the lagged covers gave some relief from a rather excessive 

noise, the final solution of the problem permitted the use of the bare steel covers with 

quieter gears than had heretofore been considered practical. A surgical operation was 

found to be better than the “application of a poultice.’ The experience with gears built 

by the Westinghouse Company does not bear out the author’s contention that gears fitted 

in the stern of the ship deteriorate more rapidly than those fitted amidships. Out of 

many examples of both types it has been found that there is apparently no difference in 

choice with respect to the two locations. The satisfactory operation of these gears when 

placed in the stern is undoubtedly due to the flexible support of the pinion frame. 

We would add here that in the case of one gear, the steamer Hisco came part way 

across the Atlantic with the tail shaft down in the stern tube 15% inches. The machinery 

was located aft, with one section of the line shaft between the tail shaft and the gear, the 

turbines being located aft of the gear, so as to permit of drawing the tail shaft. No dam- 

age was done to the gears. 
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A flexible shaft with gearing was used in the first Melville and Macalpine gear built 
in 1909 and has been used by the Westinghouse Company ever since. 

We would like to add something to the information available with regard to gear 

efficiency. The Westinghouse Company conducted a large number of tests on a pair of 

1,500 horse-power double-reduction gears designed to be driven by a single, complete ex- 

pansion turbine. These gears were coupled together, and the high-speed pinion of one 

driven by a carefully calibrated steam turbine, and the high-speed pinion of the other 

was connected to the water brake. Readings were taken, over a wide range of load and 

speed, of the steam conditions on the turbine and the horse-power absorbed by the brake. 

The turbine was then again directly connected to the brake and the horse-power mea- 

sured under identically the same steam conditions as when operating with the gears. Suffi- 

cient observations were made so that the errors of observation could be corrected by 

means of suitable curves. The accompanying curve (Plate 11) shows the net result of these 

tests corrected for a single double-reduction gear. These tests check quite closely with those 

reported by the author, although we believe the light load efficiency should be somewhat 
higher, as indicated on this curve. 

Another test was made in a similar manner on a pair of 5,000 horse-power double- 

reduction gears designed to be driven by a cross-compound turbine (Plate 12). These tests 

show an efficiency at full load and full speed of 9714 per cent. The tests on the 1,500 horse- 

power gear indicated that the loss in power in this gear could be very nearly approxi- 

mated by the formula: 

VHz. P. load X R. P. M. 

60 

R. P. M.=revolutions per minute of high-speed pinion. 

H. P. loss = 

A pair of 15,000 horse-power single-reduction gears for destroyers was tested in a 

manner similar to that shown on plate 7. A 1,500 horse-power turbine was used for a 

drive through the third gear of the same type as those under torque, but unfortunately the 

power required to drive this equipment at full speed was so light that it could not be accu: 

rately determined on this turbine. A careful estimate indicated about 500 horse-power for 

the two gears under load and the one gear running with that amount of load at full speed, 

giving a net probable efficiency per gear of 98% per cent or better. (Applause. ) 

Mr. L. V. Armstrone, Member:—With reference to the paper by Mr. Metten and 

Mr. Shaw, it is interesting to note that the Ingersoll-Rand Company, after approxi- 

mately fifty years of successful building of air-compressing machinery when they decided 

to enter the oil-engine field, saw fit to reject the licenses of certain well-known air injec- 

tion Diesel engines and adopted a mechanical injection engine. They certainly must have 

had some very good reason for doing this. 

Mr. Husert C. VERHEY, Member (Communicated) :—The critical analysis as tabu- 

lated in the paper of Messrs. Metten and Shaw is worthy of notice and should arouse in- 

tense interest as coming from men with acknowledged experience in marine steam 

installations. 

From actual and practical personal experience obtained during a trip to the Orient 

and return on board of one of the modern vessels as described in the paper, I may declare 
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that the performance was splendid and in harmony with figures given. The reliability of 

such installations is illustrated by the course followed during the last years of manufac- 

ture, by standardizing on a general construction, which speaks for itself. 

America has already entered the field of motor-ship construction to a limited extent. 

Foreign-type engines are and have been duplicated and Americanized at the same time, 

as far as production methods are concerned, but much is yet to be done and should be done 

for the benefit of the American industry in general. In this respect, I wish to offer com- 

ments on the remarks regarding four versus two-cycle engines, as commercializing splendid 

performances of four-cycle engines as referred to is legitimate, but at the same time does 

not picture the actual situation from a heavy oil-engine engineering standpoint. 

The limit set in this paper for the diameter for cylinder units of 500 indicated horse- 

power and pronounced to be 3114 inches seems justified, as it is known to the followers 

of the constructional end of the game that the conventional shape and design of cylinder 

heads does not render further increase of the bore practicable. It should be borne in 

mind that all four-cycle engines are subject to unequal heat distribution throughout the 

cylinder-head casting, in particular the lower disc, for the reason that the exhaust valve 

or valves are located on one side of the head while the air-intake valve or valves are at the 

other side, thus unavoidably disturbing the uniformity of the all-round heat problems—the 
larger the engine, the greater they become. 

The next step advocated in the paper in order to increase the power of four-cycle cyl- 

inder units to more than 500 indicated horse-power by resorting to double-acting units is 

at least problematical. The belief expressed about heat problems of the double-acting 

four-cycle engine holds good only in case the authors intended to point out that a four- 

cycle cylinder head receives half the number of heat applications in a given time as com- 

pared with a two-cycle engine. Assuming that the general construction of cylinder heads 

had to be the same for both types, there is no question left as to the more favorable con- 

dition under which the four-cycle engine works, but it should not be overlooked that the 

two-cycle cylinder heads can be and are made much simpler in shape, tending to offset the 

known disadvantage. Furthermore, improvements are possible above the conventional 

practice followed for the effective cooling of parts subject to high heat. 

Built as double port-scavenging engines, the cylinder head contains only one boss, 

thus allowing a very symmetrical casting, while, built as a top-scavenging engine, this 

casting can also be made absolutely symmetrical, and care should be taken to provide 

efficient means to allow for undisturbed expansion and contraction. Heat applications, al- 

though twice as many in a given time, do effect the cylinder disc more uniformly, and in 

case of a properly designed cooling agent system there is no reason why the two-cycle 

principle should receive undue criticism. 

There is much misunderstanding on the subject indeed, and the truth is sometimes 
sidetracked for commercial reasons, which in turn does not add to the possibility of more 

rapid progress than thus far obtained. Controversies about weight and sizes of various 

designs of engines such as are found in practical magazines are sometimes one-sided and 

published to advertise a specific make. 

Assuming that the reduced weight for a given horse-power in a ship means a direct 

gain in carrying capacity, I may illustrate a way to impartially look upon the question. 

If we had a conventional type of engine of a given horse-power working on the four- 
cycle principle and the valve gear coud be so arranged that the valves proper could either 
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serve as inlet and outlet valves in case of the four-cycle engine or as top-scavenging 

valves in case of the engine working on the two-cycle principle, we would be able, assum- 

ably and conservatively speaking, to develop 65 per cent more horse-power using the 

same bore, stroke and revolutions. Account is taken of the power required to drive a 

direct-driven scavenging pump and a somewhat larger air compressor, which means addi- 

tional length for the engine in question. The weight thereof can be made less than the 

weight involved to increase the four-cycle engine in size to aid the additional horse- 

power, as it also should be understood that no increase in the proportion of stress carrying 

members or increase of wall thicknesses becomes thus necessary, because the peak loads 

do not vary enough to make it a serious point of consideration—in particular if we real- 

ize that the factor of safety assumed for materials used is very much on the safe side, es- 

pecially in engines of the commercial type. 

Rather than go to double-acting four-cycle engines building higher than dials 

acting engines, also having a complicated lower cylinder head and gear in addition to a 

stuffing box, it is suggested that the two-cycle single-acting engine be given serious con- 

sideration as well. The latter engine, for that matter, can also be converted to a double- 

acting engine with equal chances for success if properly designed, although for all prac- 

tical purposes the balance of a two-cycle six-cylinder single-acting engine is effective and 

sufficient for good operation. In fact we cannot help keeping an eye on the development 

now going on in England and Germany with opposed piston type engines, all of which 

work on a two-cycle principle. 

Another factor which should not be overlooked is that general arrangements as now 

commonly adopted are more or less duplicates of practices followed by the pioneer 

concerns, and the desirability and merits of independent driven auxiliaries such as air com- 

pressors and scavenging air pumps were simply sidetracked for good reasons prevailing 

at the time. Further development along the lines of the last points mentioned is bound 

to show considerable advancement in motor-ship construction and, rather than criticize 

such advancement from the start, we should keep a watchful eye on the future in full ap- 

preciation of the performances of the past in behalf of our American fleet. 

High-speed engines for electric drive are being developed and eventually may demon- 

strate their usefulness in the unavoidable reconstruction of part of our emergency war 

fleet. There is, furthermore, no reason why high-speed units should be limited to the 

trunk-type engines, as the problem of height involved is in most cases negligible, par- 

ticularly with reference to cargo ships so that high-speed crosshead engines could be con- 

sidered. 

Mr. Ernest H. B. ANDERSON, Member:—The paper by Messrs. Metten and Shaw is 

a valuable contribution to the Transactions of the Society, and Messrs. Wm. Cramp & 

Sons Ship and Engine Building Company are to be congratulated in commencing to manu- 

facture this class of engine. 
I do not quite agree with some of the statements made in the opening paragraphs of 

the paper, and it does not seem to me that the progress in the construction of large motor- 

ship machinery in this country warranted shipowners, or the U. S. Shipping Board, 

awarding contracts to engine builders on any large scale, and after perusing the paper it 

will be seen that the authors to a large extent review the progress made by foreign builders. 

The engine builders in Great Britain are experimenting to some considerable extent 
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in the construction of these engines and, except in one or two cases, where certain firms 

have scrupulously followed continental practice, the results have not been altogether suc- 

cessful, and it has been anything but a money-making proposition. Only one or two ship- 

owners have fleets of motor ships, while, on the other hand, firms who adhere to steam- 

driven ships are alive to the situation and are considering the whole matter from every 

point of view. 

Very few references are made in the paper regarding the actual manufacture of these 

engines, but accuracy in workmanship is of the most vital importance, and unless this is 

clearly realized the chances of success are materially lessened. 

It can be stated with certainty that this type of engine cannot be regarded in the 

light of a manufacturing proposition; many of these engines are most complicated in every 

respect and are still in the experimental stages of development. 

Turning to the tables of figures comparing a steam-driven ship with a motor ship, 

after considering the data it would seem to me that the figures are properly made to show 

that the motor vessel is more economical in every respect. For instance: 

1. The mechanical efficiency of the motor ship is about 80 per cent of that of the 

steamer, yet both vessels make a voyage of 15,500 knots in the same number of days, 

whereas the authors must realize that with bad weather conditions at sea the motor ship 

cannot maintain full speed, and estimates covering a number of days should make allow- 

ances for such conditions. 

2. The oil consumption per shaft horse-power of the steamer is about right for satu- 

rated steam conditions, but with superheat of 150° F. this will be reduced by at least 10 

per cent. 

3. The oil consumption per indicated horse-power per hour, all purposes, of the motor 

ship—namely, 0.310 pound—is based on good trial-trip conditions, and a more conserva- 

tive figure for a usual sea performance would be somewhere between 0.330 and 0.370 

pound of fuel per indicated horse-power per hour, all purposes. 

For further information dealing with the results of Burmeister & Wain motor ves- 

sels, I refer you to Engineering of February 15, 1915, where trial data and sea-going results 

are tabulated in various lists. 

I have read over the paper by Mr. Warriner with a great deal of interest and also 

had the pleasure of listening to the discussion, but did not have an opportunity of taking part, 

due to the large number of speakers. It seems to me that the statement of the author in 

the first paragraph is hardly in order. 

Mechanical reduction gears for turbine-driven vessels have Als justified all that the 

original promoters claimed for this system, and up to the outbreak of war, in 1914, there 

had been no serious breakdowns or setbacks with turbine reduction gears. During the 

first two years of the war a large number of geared-turbine contracts for freight vessels 

were secured by one or two builders in this country, and at that time these firms had prac- 

tically no experience in manufacturing gears, with installing same in vessels, or in taking 

care of them whilst in operation. This abnormal condition resulted in bringing about many 

failures and breakdowns, and some of these would undoubtedly have been avoided if the 

gear designers and builders had been more conservative in their proposals. 

On the other hand, it should not be overlooked that the chief reason for installing 

mechanical reduction gears in such a large number of vessels was probably due to the suc- 

cessful results obtained with this form of drive in vessels built in England. Many of the 
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designs built and completed here were somewhat complicated as compared with those suc- 

cessfully in operation, practically all of which were of the single-reduction type. 

With regard to the destroyer Wadsworth, referred to on page 14, the informa- 

tion regarding this installation is not quite correct. The two sets of geared-turbine ma- 

chinery were designed to develop 17,500 shaft horse-power, with propeller revolutions of 

450 per minute, corresponding to a speed of 30 knots for the vessel. The horse-power 

transmitted by the four pinions is not equal, and whilst each high-pressure pinion trans- 

mits about 4,000 shaft horse-power, each low-pressure pinion transmits the remainder, 

about 4,750 shaft horse-power. 

Full particulars of this vessel, together with complete trial data records, were pub- 

lished in the Journal of the American Society of Naval Engineers, volume 27, 1915, pages 

640 to 662. During the standardization trials the vessel attained a mean speed of 31.64 

knots during five runs across the measured mile, with propeller revolutions of 486 per 

minute and shaft horse-power of 18,005. 

With regard to the author’s figures outlining a table of tooth pressures for various 

types of gearing, it seems to me that these figures should be used with caution. I have 

looked up a number of papers on gearing and the empirical formula, where pressure in 

pounds per inch of tooth face divided by the square root of the pinion diameter is a con- 

stant was introduced by Sir Charles Parsons and his associates, Mr. R. J. Walker and Mr. 

S. S. Cook. 

Reference was made to this method of treating problems in gearing during the dis- 

cussion of Mr. R. J. Walker’s paper on “The Application of Geared Turbines to Mer- 

chant Ships,” before the Northeast Coast Institution of Engineers and Shipbuilders, 

December 19, 1919. 

Engineer Commander H. B. Tostevin, D. S. O., R. N., also made use of this formula 

in a table of gear proportions for naval vessels in his paper, “Experience and Practice in 

Mechanical Reduction Gears in Warships,’ before the Institution of Naval Architects, 

March 26, 1920. 

More recently, Mr. R. J. Walker and Mr. S. S. Cook have thrown further light on 

this subject, and the particulars of actual data given in their paper, “Mechanical Gears, 

of Double Reduction, for Merchant Ships,” before the Institution of Naval Architects, 

March 19, 1921, are most valuable. 

I should like to mention that it is the practice of the Parsons Marine Steam Turbine 

Co., Ltd., to make the load per inch of tooth face directly proportional to the diameter of 

the pinion for sizes up to 10-inch P. C. D., and for larger pinions the load is proportional 

to the square root of pinion diameter. 

With designs prepared in connection with my own work, I have suggested that for 

pinions up to 8-inch P. C. D., the value of the constant rat may vary between 60 and 65 

: a, Le) 
for maximum loads, and for larger sizes of pinions the constant VD should be 170 for 

maximum loads. 

The proportions of the gear teeth, and the helical angle, should also be given consider- 

ation in connection with using constants of this nature. 

The foregoing constants apply to installations which are operated at full power for 
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long periods, but for naval vessels considerably higher constants can be used with abso- 
lute safety. 

Mr. Martin L. Karzenstern, Member (Communicated) :—On page 8, Messrs. 

Metten and Shaw, referring to the Diesel electric drive, enumerate disadvantages which 

such a system suffers when compared with the direct drive. As regards the electric 

equipment and its functioning, I shall enter no discussion, leaving that to the manufactur- 

ers of that equipment, who are more familiar with the transmission and control of electric 

current as applied to shipboard use, but concerning the Diesel engine running at moder- 

ately high speeds, I believe that it is the opinion of many reputable engineers that the so- 

lution of the problem of re-engining many of the present Shipping Board vessels will be 

brought about by the use of the moderately high-speed Diesel engine transmitting its power 
through electricity or some other means to the existing single-screw shaft. 

The disadvantages named by the authors, while applying possibly to engines run- 

ning at such high speeds as would bring them near to submarine practice, are no doubt 

justified, but when applied to moderate-speed engines will not hold in the face of current 

experience. 

Taking up the objections as named, I should say that No. 1 as to loss in reliability in 

prime movers is answered by the authors’ reference to the motor ship Selandia, which, they 

state, was put into service in February, 1912, and is still going strong. The auxiliary 

engines on that vessel consisted of two four-cylinder 200 horse-power at 225 revolutions 
per minute, and so far as I have been able to find, they are still running. The William 

Penn, I believe, is fitted with auxiliaries of 100 horse-power, operating at 320 revolutions 

per minute, and I doubt whether the three-year limit placed on the life of high-speed en- 

gines by Mr. Shaw will be found to apply to those units after that period. Even when 

run up to speeds as in submarine practice, the German submarine engines certainly 

showed reliability under the tremendous stress to which they were subjected. 

No. 2, as to more major overhauls, such as lifting of cylinder covers, etc., and 

discharge of lubricating oil from crank case—these appear to be questions of design which 

improvements of the art are overcoming. 

No. 3, concerning 30 per cent more fuel per knot, of which 15 per cent is chargeable 

to the higher fuel consumption of the engines—this might apply to very high-speed en- 

gines, but not to the moderate-speed engine of comparatively large size as applied to main 

propelling units. 

No. 4, as to lighter grade and more expensive fuel oil required—the oil that is 

burned in auxiliary engines certainly should not differ from that burned in the main en- 

gines, and there is no reason why just as heavy a grade of oil cannot be burned in the 

moderately high-speed engine as in the slow-turning engine used by the authors. 

No. 5—the same answer as for No. 2 applies. 

No. 6 depends upon the number of cylinders used and the design. 
No. 9—if the engines are not run at too high a speed, there is no reason to expect 

that the personnel will be overworked any more than they would on direct coupled twin- 

screw installations. A subdivision of the total power for electric drive, if not carried too 

far, should give satisfactory results if the engines are properly designed. 

No. 11—the same answer would apply here as to No. 1, and in addition I might add 

that the Worthington Pump and Machinery Corporation has over one hundred success- 
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ful Diesel-engine installations of the horizontal type operating at moderately high speeds, 

such as I have in mind; they are driving oil line pumps, electric generators, and have pro- 

vided power generally for many years, and apparently they are entirely satisfactory. In 

vertical designs the operation at moderately high speed can certainly be accomplished to 

better advantage than with the horizontal ty pe. 

No. 12, as to higher first cost and maintenance charges—the figures that I have seen 

do not bear this out, and as a matter of weights the Diesel electric drive shows weights 

that run from 65 to 70 per cent of the weight per shaft horse-power of the direct coupled 
Diesel twin-screw installation. 

In the statement that follows No. 12, -reference is made to the higher consumption of 

fuel and lubricating oil, which, combined with electrical losses, calls for a total expendi- 

ture of about 50 per cent over the direct-drive system. While there may be the 15 per 

cent of electrical losses, the latest designs do not show such excesive consumption of fuel 

and lubricating oils to justify this figure, and I should say that this item, instead of 50 per 

cent, should be reduced to a maximum of 20 per cent. 

The authors refer to the oil consumption of the direct-drive as 0.31 pound per indi- 

cated horse-power of the main engines. Would it be possible to state what shaft horse- 

power was developed? 

I would appreciate very much the authors’ comments on the foregoing. 

Mr. H. B. Oatiey, Member (Communicated):—Mr. Warriner’s paper has been 

read with much interest, and he is to be congratulated on the interesting facts brought 

out and the progressive ideas advanced. 

With particular reference to that part of the paper which refers to the infrequent use 

of superheated steam in marine practice in the United States, it may not be out of place 

to mention that in Europe there recently have been constructed, or are on order at pres- 

ent, 147 vessels equipped with geared turbines of several different makes, which total 754,- 

000 shaft horse-power and 28 vessels with reciprocating engines, developing 86,000 indi- 

cated horse-power. These geared-turbine vessels range from the small converted sailing 

vessel of 750 horse-power to the 20,000 horse-power passenger vessel Guilio Cesare. All 

of these vessels are or will be fitted with superheaters, the majority of which are capable 

of delivering from 200 to 225 degrees of superheat at the throttle. 

The almost universal adoption of highly superheated steam on the vessels now under 

construction by European builders is proof that the vessel owner has found it profitable to 

specify its use and that such procedure has the full approval and cooperation of the turbine 

builders. With geared turbines it usually is thought necessary to use saturated steam on 

the reversing turbine on account of the increased temperature generated, as the result of 

the work done upon the steam by the rotor’s movement in the opposite direction to the 

flow of steam when the astern throttle is opened. There may be some slight action of this 

kind, but the European turbine builders have not found it of enough importance to pro- 

vide a means of reducing the temperature of the steam to the astern turbine, and in all of 

the above-mentioned cases the full degree of superheat will be used on the astern turbine. 

In all, there have been approximately 2,000 vessels equipped with superheaters which 

deliver steam within the temperature range above mentioned. About 75 per cent of these 

vessels have reciprocating engines, and the use of superheated steam on reciprocating en- 

gines dates back nearly twenty years. 
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While theoretically a little economy may be experienced by the adoption of 20 de- 

grees of superheat on reciprocating engines, as Mr. Warriner mentioned, it must be ap- 

preciated that approximately 150 degrees superheat are required to eliminate the initial 

condensation in the high-pressure cylinder. The present practice in the leading maritime 

nations with which the vessels of the United States are in competition (this includes Eng- 

land, Holland, Denmark, Norway, Sweden, Japan and Germany) is toward the use of 

high-degree superheat on all steam-propelled vessels, regardless of the type of the steam- 

propelling unit, and the performance of these vessels is very favorable when compared 

with the performance of the saturated steam vessels of the United States. 

It is pleasing to note that Mr. Warriner has designed and is building a vessel which 

may be operated at a reduced cost and thus place the owner in an advantageous position 

with relation to his foreign competitors, and that another progressive step has been made 

towards the successful realization of an efficient merchant marine in the United States. 
va 

Mr. J. W. Arxinson, Member (Communicated) :—In reference to the latter part 

of Mr. Warriner’s paper dealing with the testing of gears for efficiency, it is stated that, by 

the method adopted, “it is possible to put the same load on the bearings and to run the gears 

at the same tooth pressures and under the same conditions as when operating on board ship.” 

I should like to ask what revolutions were obtained on the tests, with the full power 

tooth pressures and bearing loads, since it is also stated that the power developed by the 

motor represents only the friction of all the gears and bearings in the two units. 

Messrs. METTEN AND SHAW:—The Sperry oil engine is very interesting, and the 

authors only hope the rather unusual claims that have been made can be made good on 

commercial engines. The high-speed experimental model shown is not considered justly com- 

parable with proven performance of engines designed for low revolutions to meet the par- 

ticular requirements of the motor ship. To prove his statement that this experimental en- 

gine is lighter per horse-power than a Burmeister & Wain engine, two slides were shown 

by Mr. Smith illustrating the two types coupled to a generator, with the remark that the 

‘generator so coupled to the B. & W. engine “absorbs the whole power of the engine.” 

This is incorrect, as the generator shown was used for absorbing the power of three cyl- 

inders out of the six at one time to save purchasing a new generator of sufficient capacity 

for the full brake load. 

Mr. Fernald has furnished an estimated performance of a comparatively small ves- 

sel having triple-expansion engines, geared turbines, and Diesel engines, and for the last 

has selected engines of the B. & W. type. He states that his comparison was worked up 

some time ago when he was connected with the Shipping Board, and from which we are 

led to infer the Shipping Board based its decision not to embark on motor ship construc- 

tion at that time. If this is correct, this important decision was based upon incorrect data, 

as the B. & W. engines used in the comparison are two sizes larger than those in service 

on vessels of the same size and speed. The size assumed for the comparison is known as 

B. & W. type 6-275 and designed for 4,000 indicated horse-power (total). The engine size 

that should have been employed in the comparison is actually two sizes smaller and known 

as B. & W. type 6-200, designed for 2,800 indicated horse-power (for the two engines). 

These latter engines are the same as installed on the motor ship Oregon and several simi- 

lar vessels which have the same designed sea speed as the Fernald vessel but have 5 feet 

more between perpendiculars, 1 foot more beam, and 6 inches more draught. The total 
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weight of machinery, therefore, including spares, engineer’s stores and water in the sys- 

tem, is thereby reduced by using the proper installation from 795 tons to 540 tons. Also, 

the fuel oil consumption is reduced from 131% tons to 9% tons per day, as actually ob- 

tained on the motor ship Oregon. For the motor ship the cargo-carrying capacity, both cubic 

and deadweight, will be correspondingly increased, which taken with the decreased cost 

of machinery will show a decided economical advantage for the motor ship over the steam 

vessels for the particular route in question. Mr. Fernald has failed to take cognizance of 

the fact that the twin Diesel vessel will have a better propulsive efficiency than the single- 

screw vessel, due to the revolutions assumed for the latter. The results arrived at by 

him are therefore incorrect and extremely misleading. 

Messrs. Smith and Dalcher, of the Federal Shipbuilding Company, have also investi- 

gated what advantages there may be in the motor ship and have furnished an estimated 

comparison by them of a vessel with geared turbines and Diesel engines. From the data 

given, the Diesel installation is apparently based on an experimental engine, which 

is unusually heavy for the power. The shaft horse-power estimated as required for the motor 

ship is about right, but the power used for the geared-turbine vessel is considered too small, 

due to the high turns of 90 revolutions per minute employed for the single screw, and which 

should not exceed 75 revolutions per minute for the particular conditions if the propulsive 

efficiency of the two vessels is to be kept the same. Had B. & W. engines, type 6-275 (erro- 

neously used in Mr. Fernald’s comparison, and exactly suitable for the present vessel) been 

employed, the machinery would have been reduced from 1,052 tons, as given in Mr. Dal- 

cher’s figures, to 795 tons, or a saving of about 25 per cent. Mr. Dalcher has used 0.35 

pound of fuel oil per indicated horse-power, all purposes at sea, giving 14.55 tons per day. 

If this is corrected to 0.31 pound, as obtained on B. & W. vessels, the consumption per day 

is reduced to 13 tons. Hada more suitable Diesel-engine installation been selected for the 

comparison, the 19 per cent net earnings per year on the initial investment, as given, would 

have been very greatly improved and would conform more with the figures of the authors 

in their comparison. 

Referring to Mr. Huskisson, of the Vickers Company, it was not the intention to criti- 

cise the Vickers engine in particular, which is known to be of fairly high compression and 

is about the only marine engine of the solid injection type to date that has met with any 

degree of success for marine purposes. As to the Vickers engine being entirely free from the 

troubles enumerated, reference is invited to some comments by Mr. David P. Peel regarding 

his experience with Vickers submarine engines, in which he discusses the smoking and knock- 

ing in cylinders. This is to be found in the Transactions of the Institute of Marine 

Engineers, volume 31, February, 1920, pages 566-572. The authors can also speak from 

experience gained with a four-cylinder 500 horse-power experimental engine of this type, 
and the company with whom they are associated is building very satisfactory solid injec- 

tion stationary engines for lower powers. It should be pointed out that Vickers’ experience 

has been mostly with submarine work, and, to the knowledge of the authors, they have 

only three merchant vessels in operation, which are of comparatively small power. Subma- 

rine engines are operated only for short periods at full power and frequently come into 

special bases prepared for their overhaul, while merchant motor ships must operate a long 

time at full power and away from home without any special attention. We fail to see 

wherein the accident cited by Mr. Huskisson as occurring to an ex-German vessel has any 

logical bearing on the matter in the absence of trouble of this kind with standard air-injec- 

tion engines. 
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Mr. Katzenstein, representing the Worthington Company, has advocated and defended 

the proposed Diesel-electric drive on the ground that the higher-speed trunk-type engine has 

been satisfactory as auxiliary engines on B, & W. vessels. It should be noted that the func- 
tion of auxiliary engines and their operation is entirely different from the main engines as 
they are very seldom operated at full power, and then only for a specified time, when each in 

turn is shut down and another started up in its place. It might be stated in this connection 

that there is a strong tendency at present, on the Continent in particular, to replace the 
larger sizes of trunk-type engine for land purposes by the crosshead type, due to the generally 

recognized superiority of the latter, although the weight and cost are higher. For the main 

drive in a motor ship it cannot be too strongly emphasized “‘that the best is none too good” 

for reliability and continuity of operation, which are of the utmost importance. Mr. Katzen- 

stein has also referred to their land engine of the horizontal type, commonly used for driv- 

ing pumps of oil lines, which are known to be quite heavy and not permissible in a Diesel- 

electric drive, where the high-speed light-weight engine is a requisite to keeping the total 

weight of machinery and the space occupied within reasonable bounds. 

Mr. Anderson, representing the Parsons Company, states that the motor ship cannot make 

as good an average speed in bad weather as the steamer, when, as a matter of fact, the 

motor ship has a considerable advantage in this respect. The larger diameter single screw 

employed with the steamer has a tendency in bad weather to be longer out of the water than 

the smaller diameter twin screws of much greater immersion in the motor ship, and it is 

apparently only when the screws are in the water that the power can be effectually applied 

to driving the vessel. Furthermore, there is no throttling of the power in the Diesel engine, 

as with the turbines for the steamer, in rough weather. This is accounted for in the oil 

engine being able to have all the power instantly cut off when the revolutions exceed a cer- 

tain determined value, reached when the screws are out of water, and is instantly cut in 

again when the screws are returned to the water. The average all-year propulsive efficiency 

will also be better for the twin screws as a result of their better immersion under all condi- 

tions of draught. Mr. Anderson considers the oil per shaft horse-power of 0.95 pound, all 

purposes, for the geared turbine, as used by the authors, can be improved on some 10 per 

cent with 150 degrees superheat. We are, however, dealing with operating conditions, and 

higher economy implies a very good vacuum for the turbines, and it is a known fact that 

it is chiefly due to not realizing the designed high vacuum in actual service that accounts for 

the discrepancies between trial data and actual performance of turbine vessels. This is 

particularly noticeable when the vessels are run over tropical routes. The efficiency of the 

steamer also has a tendency to fall off in service as the boiler heating surfaces deteriorate. 

The above conditions do not affect the Diesel engine, which actually improves in economy 

and which in no way is affected adversely by tropical conditions. Mr. Anderson questions 

the 0.31 pound per indicated horse-power for main engines, all purposes, used by the authors, 

and has referred to figures published in Engineering of February 15, 1915, which give a 

mean of about one-third of a pound of oil per indicated horse-power for B. & W. installa- 

tions up to that date. The explanation for this is that the consumption then published repre- 

sented the earlier design of B. & W. engines, in which the compressor for the injection air 

had its first two stages driven by separate auxiliary engines, which is a less efficient arrange- 

ment than now used, where a three-stage compressor is driven by the main engines alone. 

Some development in the art is to be expected in that time contributing towards improved 

economy, as likewise noted in the steam turbine. 
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Mr. Dickinson, of the General Electric Company, has misinterpreted the meaning of the 
authors in reference to the importance of electrically driven auxiliaries for motor ships, espe- 

cially in regard to deck machinery. The individual Diesel drive for the winches, as sug- 

gested by Mr. Dickinson, would no doubt be the most efficient arrangement if such were prac- 

ticable, as there would be no electrical losses involved. In a motor ship, however, the elec- 

trical link is necessary to make the power of the auxiliary engines, primarily an accessory to 

the main engine, available for deck use. This does not imply, as we are led to suppose, that 

the electrical system, per se, is accountable for the low port consumption with a motor ship, 

as by replacing the auxiliary Diesel sets by a steam-driven set this oil consumption in port 

will be more than trebled. Mr. Dickinson’s strong defense of the Diesel-electric drive can 

readily be understood, but the Diesel-electric drive, which is quite a parallel case to the 

steam-electric, runs contra to the history of all engineering development, which shows that 

efficiency, simplicity and cost are the deciding factors. The electric drive is deficient in each 

respect, and the fact that twelve of the Shipping Board’s geared-turbine vessels are being 

changed over to turbo-electric drive is due to good salesmanship and not good engineering. 

The first of these installations has been in service since November, 1920, and has steamed 

approximately 20,000 miles with the electric drive, during which her logs show that she 

actually consumed 10 per cent more fuel than when equipped with her original geared tur- 

bines, which, by the way, operated with 50 degrees superheat while the turbo-electric drive 

operated under 200 degrees superheat. 

Mr. Warriner’s figures for a motor-driven ore ship are of particular interest on account 

of being of two-cycle design, and we presume are based on the Cubore installation. It again 

furnishes an illustration of the superiority of the four-cycle engine, had such been used in 

the comparison. By replacing the two-cycle engines with four-cycle of same cylinder dimen- 

sions as the motor ship William Penn, but of eight cylinders each, the normal shaft horse- 

power would be increased 7 per cent and the total weight of machinery, including boiler, 

reduced at least 100 tons, since the total installation without boiler for the four-cycle will 

be 1,050 tons. The fuel consumption per day becomes 19 tons instead of 24 tons, with a 

corresponding increase in cargo capacity of 140 tons. Accordingly, the total increased cargo 

carrying capacity will be 240 tons more than with the two-cycle vessel. Using the same basis 

of comparison as used by the authors in their comparison, the cost of crew per day for the 

motor ship becomes 12.3, with repairs and provisions same as for the steamer. The cost of 

fuel is reduced to 6.48, giving a total operating cost per day of 89.56 compared with the 96.38 _ 

for the particular two-cycle installation. The four-cycle will be seen to be better than any of 

the three other drives used by Mr. Warriner in his comparison. It can be safely stated that 

on the long trade routes the large direct-driven motor ship, where proper care is made as 

to proven types, will show a greater earning capacity on the investment over all other drives, 

irrespective of variations in freight rates and fuel prices. 

Mr. WARRINER :—I wish to thank the members who have taken part in the discussion 

for their very interesting contributions. 

Owing to the nature of the two papers, these have resolved themselves somewhat into a 

debate of Diesel vs. reduction gears; it was not, however, the intention in writing the paper 

to make out a case for the reduction gear at the expense of the Diesel engine and, personally, 

I am very much in favor of the Diesel engine because it means economy in fuel consump- 

tion, and economy is the goal that engineers are always striving for. 
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As brought out in the papers and in the discussion there is a difference of opinion as to 

the relative economy of the two types of machinery, not on the score of fuel consumption, 

but of the operating costs, and at the present time, with the high cost and the limitation in 

power of the Diesel engine, both types of machinery have their proper fields; for one service 

it will be found that the Diesel engine is more adaptable, and for other services the reduc- 

tion gear will give the best results. It is advisable, before settling the type of machinery, to 

take into consideration all the circumstances and to select that which furnishes the 

best results. 

Mr. Fernald, in his paper, remarks that Great Britain and Scandinavia have, for the past 

few years, swung over to the motor ship almost exclusively. So far as Great Britain is 

concerned, this is not an altogether fair remark. According to the Shipbuilding and Ship- 

ping Record of April 21, the following is the proportion of steam and motor ships building 

in Great Britain and the United States, on March 31, 1921: 

Description. Gross tonnage. No. of ships. 

Greate qitarngey sr secseac tess ease a ene Steamers ee sete 3,530,364 794 

Motor ships ...... 263,180 66 

WinitedsStates ve: 6 we seas eres Steamers ......... 1,048,914 142 

Motor ships ...... 34,232 8 

Mr. Smith states that the oil consumption for the two-cycle Diesel quoted in Table I 

is 0.515 pound of fuel oil per shaft horse-power, which is correct for all purposes, but the 

actual figure used in the calculations was 0.42 pound of oil per shaft horse-power for the 

main engine. The remainder is for auxiliary purposes—heating cargo oil, running cargo 
pumps and allowance for bad weather. 

Regarding the use of the gravity system for lubricating oil, it is believed that this is 

the best installation and that it is now generally adopted. Those who have had experience 

with both systems prefer the gravity system. 

Mr. Clark’s contribution is particularly interesting, and the results of the test on efficiency 

by the Westinghouse Company, though taken in an entirely different manner, generally con- 
firm the test made by the Falk Company. 

In reply to Mr. Atkinson’s remarks, as will be seen from the curve sheet, Fig. 4, Plate 8, 

the gears were run up to full speed or 450 revolutions per minute with the full-power tooth 

pressure and bearing loads, the results being shown on the top curve. 

Mr. Anderson takes exception to the statement in the first paragraph of the paper, but 

the discussion on gears was intended mainly for those built in the United States. The author 

was unable to obtain first hand information on other gearing, and it would, no doubt, be 

interesting to all concerned if Mr. Anderson would furnish particulars of gearing data he 

may be able to obtain for gears built in Great Britain, including length of operation. The 

author is at one with Mr. Anderson on the subject of single-reduction gears, and would pre- 

fer these instead of double-reduction gears, wherever the circumstances allow. 

In regard to the formulae for tooth pressures, it does not seem very material whether 

5 or = is used, providing the constant is properly selected. It is believed that the figures 

given are fairly conservative and would produce good results with properly constructed gears. 

The following lantern slides were shown at the meeting: 
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1. 1,500 S. H. P., double reduction, three-plane type. Single turbine 3,600 to 90 R. P. M. 

No. 1 in list. 
2, 3, 4. 3,100 S. H. P., double reduction, three-plane type. Compound turbines, 3,200 to 

90 R. P. M. No. 2 in list, and No. 4 in test. 

5. Gear wheels for the above. 

6. Same gear on test.. 

7. Machine shop of the Falk Company at Milwaukee. 

8. Large double-headed hobbing machine at the Falk Company’s works. 

9. Two sets of gears for destroyers on efficiency test. 

0. Two sets of single-reduction gears for passenger boats on test. 12,000 S. H. P., 1,793 

to 125 R. P. M., 10-inch pinion, 143.14-inch wheels. 

11, 12. Solid cast-steel gear wheel. 

13. Single-reduction gear, 6,000 S. H. P., Nos. 12 and 13. 

14. Plan view of reduction gear, 6,000 S. H. P. 

15. Assembly of reduction gear, 6,000 S. H. P. 

16. 1,500 S. H. P., double-reduction, three-plane type, single turbine. 

17. Another view of double-reduction, three-plane type, single turbine. 

18. Showing the same gears with cover removed. 

THE CHAIRMAN:—Just a few words in closing. There is not a man in this room, indeed 

I doubt if there is a member of the Society, who can say as I can, that my first trip across 

the Atlantic and return was made on an iron single-screw steamship having a two-cylinder 

low-pressure engine geared to the propeller and run with a maximum steam pressure of 25 

pounds per square inch. 

When I went an as apprentice in the old North River Iron Works on West Street in 

this city, an old feed store changed into a machine shop, there was under way the engine of 

the steamer John L. Hasbrouck—following the one in the Daniel S. Miller built two years 

before—a beam engine placed athwartships and geared to the propeller. 

Now, as one who has come from those primitive years and has seen the simple engine, 

the compound engine, the triple, the quadruple and even the quintuple expansion engine 

down to the great advances in other forms made within recent years, I can truly say the 

papers and the discussion we have had presented to us tonight excite my highest admiration. 

You are all to be congratulated that you see progress in the making and can look for- 

ward to still further progress. 

Feeling that the men who have taken the time and trouble to prepare these particularly 

interesting papers, also those that have so carefully prepared their discussions, are fully 

entitled to an expression of your appreciation, I now, on your behalf, extend to them sincere 

thanks. 

The meeting is now adjourned. (Applause. ) 

Whereupon at 11.25 p. m., the meeting adjourned sine die. 
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INTRODUCTORY PROCEEDINGS 
MINUTES OF THE TWENTY-NINTH ANNUAL MEETING OF THE Society or NavaL ARCHI- 

TECTS AND MARINE ENGINEERS, HELD AT THE ENGINEERING SOcIETIES’ BUILDING 

New Yorx City, THurspay AND Fripay, NovEMBER 17 anp 18, 1921. 
BI 

FIRST SESSION. 

TuHurspay Morninc, Novemser 17, 1921. 

The president, Rear Admiral W. L. Capps (C. C)., U. S. Navy, called the meeting to 
order at 10.30 a. m. 

THE PRESIDENT :—The meeting will please come to order. We will begin by the pre- 

sentation of the Secretary’s report, which will be read by our former secretary, Captain 

W. J. Baxter (C. C.), U. S. Navy, in the enforced absence of the Secretary, Mr. Cox. 

REPORT OF SECRETARY-TREASURER. 

NovEeMBER 16, 1921. 

To the Council of The Society of Naval Architects and Marine Engineers: 

GENTLEMEN :—I have the honor to submit the following report showing the condition of 

the Society at the close of the fiscal year ended October 31, 1921. 

The membership of the Society as at October 31, 1921, was as follows: 
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DeEatus (16). 

Members (15). 
Ellsworth P. Bertholf. 

Martin C. Erismann. 

William D. Forbes. 

Frank L. Fernald. 

William E. Francis. 

Emilio S. Godoy. 

Maury P. Gregg. 

Henry Lysholm. 

Associates (1). 

F. J. Renz. 

RESIGNATIONS (42). 

Members (23). 

Frederick W. Allan. 

A. G. Anderson. 
George A. Andrews. 

Henry Black. 
Ernest W. Blocksidge. 

Alexander de Bretteville. 

Loren Bugbee. 

George E. Burd. 

Richard V. Cowley. 

Thomas C. Desmond. 

Wyllys E. Dowd. 
Evan C. Williams. 

Associates (16). 

Gilbert C. Dohm. 

Charles Halcomb. 

Lawrence L. Henderson. 

John H. Hyde. 

Robert L. Ireland. 

Washington Irving. 

Harry L. Katz. 

Preston Lincoln. 

Jumors (3). 

Leon C. Bibber. 

David J. Howard. 

William N. Howell. 
Samuel S. Jordan. 

John McInnes. 
Hugo J. Norman. 

Hugo B. Roelker. 

James P. Sneddon. 

Peter Cooper Hewitt. 

William A. Ebsen. 

Alfred H. R. Jackson. 

Gustay Kaemmerling. 

Harry G. Knox. 

James McDermott. 

James H. Mancor. 

Everett M. Matthews. 

Harrie R. Parish. 

Lyndon B. Taylor. 

Joseph B. Weaver. 

Jay M. Whitham. 

Thomas I. Miller. 

Otho M. Otte. 

August Nagelvoort. 

John R. Russell. 

Thomas M. Searles. 

William M. Stanton. 

Henry M. Toch. 
Elisha J. White. 

William G. Brown. 
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THE SOCIETY OF NAVAL ARCHITECTS AND MARINE ENGINEERS. 

BALANCE SHEET. 

October 31, 1921. 
Exursit “A.” 

RESOURCES. 
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ENDOWMENT FUNDs: 

Corporate Stock, City of New York, $7,000.00—4%s ......... $7,000.00 

Bonds $5,000.00 Brooklyn Public Market3%4s ................. 5,000.00 

Bonds 4,000.00 Baltimore & Ohio R. R—Conv.4% .......... 3,925.00 

Bonds 2,000.00 Morris & Essex R. R.—Ist Ref. 3%4s.......... 1,732.50 

Bonds 3,000.00 Central Pac. R. R.—Ist Ref. 4s .............. 2,651.25 

Bonds 1,000.00 U. S. Liberty—first Convb. 4% .............. 1,000.00 

Bonds 3,500.00 U.S. Liberty—second Conv. 4%s ............ 3,500.00 

Bonds 2,800.00 U.S. Liberty—third 44% .................... 2,800.00 

Bonds 5,350.00 U. S. Liberty—third 44s ..........00..0..... 4,936.81 

Bonds 6,750.00 U.S. Liberty—fourth 4%s .................. 6,750.00 

Bonds 1,000.00 U.S. Victory—fifth 4345 .................... 1,000.00 

(Ces, Say) nearby ae ey RU ae a ARKO UU Re 235.28 

Motaltendowmientidands soko hal coun alee ee ihe Sa 40,530.84 

$63,473.68 
LIABILITIES 

Suictisell Teenaraoreie SUSAN ao eG aes a etre a A A $1,512.00 

Pivesrcnid tees, PaldianyadvamcenetCMn cialis 4 Micsean eile ME. kee cal ee 492.00 

Mlictals ceneraMeaiibresivan sta atsiilin) sas a deve ree atm MUN ETA nN $2,004.00 

PresENT WorTH: 

JEONG EV THATS TUL SOOI SSS A a ale Sis URN Uae ay TS a $40,530.84 

General Funds—Balance November 1, 1920 ....... $14,431.16 

Gain—see Exhibit “B” .......... 6,507.68 

Balances October ssl 1920 ee) 20,938.84 

BC Cell eae pasta) sre ean H SONS CSUN RUE ele) wth 61,469.68 

$63,473.68 
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INCOME AND EXPENSES FOR THE TWELVE MontuHs ENDED OctTosBrr 31, 1921. 

ExuHIsit “B.” 

INCOME. 

ID Weshaccrile dl TOT yea tis 4/3) se Seales ele ere Uarye eee ene legs) ilevcr ales elena ea $25,435.00 

Wesstamountsawiiitten onan reine een nae eee nse 1,317.50 

INO Ea tN EE EIU EON RGR EA AAG is CA A eae UE 8 01 Lae Ma ea ae 

(Annual bangiiet 1920 ye ee eth ea abe en ee acti (cL Dye ney ol aga Ue 

Publication——sales! 2/5 aye Ow eect a ls ereaste eve eae ray yc acca le 2s 2p aoe ae ee 

MAMET ESE 51 3)5, seal elec Ces AUS MN Sharer gs ey elated) eee ae wal eee eye eteatalis) 2) aed eed ane aed 

iPampiiletsy and year, book ——salesacie ver ieio ye ett terrae erate reele eerie 

Alo} OAR Re tl esr VM ERNIE Sa BEI cela sin coi edt Seemaae insane ic 

EXPENSES. 

Publication—Inventory, November 1, 1920...................... $7,249.24 

Preliminary; papers 1920 2a ai een eile MSO V7 
Volume No Z8=— 1920 ane cetera aie tet 6,652.85 

$16,494.06 
Inventony, Octeber oly 1921 esp eer $7,030.03 

Less 25 per cent deducted for depreciation... 1,757.51 
DsZI2IO2 

Costiok publication iti) et ser te ee cieisielole acconereele $11,221.54 

Annual meetine——twenty-eighth .- 2)... eo doe eae ce eee eo ee 1,350.44 

Specialameetine-——May, slO2i 5: in cepiemyame) crests arene yte iene 653.22 
PRET EM e Is 2,o eichs ke Ne Rd. De 8 ee a 1,002.00 
@fiice Sail aii eSip 2s eyes cfeiatien she) orecn oe eve eit ener Getenare ron ctan see etme stem a areay eran rt ear 4,074.92 

MICS EXPENSES A oh A sisrcreeal es cia aie Gare ey ees repetelebaveven eseyehe ClonMeevenepete tenor 2,006.48 

Miscellaneous printing, membership list......................-.. 611.90 

Stora ce han i terme tia eine feist se eiei ng echt “ao Anat ee lava eee MOR eeca enc Be 112.00 
Bank collection) chanees ius Asn slo) M2 Saini mary ayers nere ae Tee sue 6.56 

Aranspontat Omen nie wy neryy willed co sts nie alaceepe Lae Nene Mersncc rte nals 54.39 
Donation to Industrial Training Congress....................... 85.00 

Depreciation on furniture and fixtures—10 per cent on $1,045.00.... 104.50 

Excess of income over expenses for the twelve months ended October 31, 1921.. 

$24,117.50 
1,743.68 

21,282.95 

$6,507.68 
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ENpowMENT FuNps—For THE TWELVE Montus ENpbEp Octoser 31, 1921, 

Exuisit ‘‘C.” 

iNewemiheruln lOO ohalancar seventeen conto vas acamcayctet eld hi aht) ol eagle eres $36,379.05 

Interest Earned on: 

Pern CMRCLED ISIE, vcs avs pit C ARIE ERS Cas cereri ist shleig os 4) 6) diag Ge chee a sale $6.10 
PCEiy ANG: VICLOmm MOOSi nisi tae aces sulk cis oS ss auls sya alles os 817.44 

iiaiscipallbondsmacme wea este ies asi.) serene else uae en nia cis she acaale 490.00 

SET NRO BYEU| OOS AYIA, c's ehca A EY CS pia at rch 370.00 

BIG EAM arene vat cept aces ai fale o ahi ores ee coneh Sranea aud Ne tace- ny mere ye ele $1,683.54 

PBEM Be CSIP TeMiTatCe EES! 5 As cawtelslesieacleit ec. salsa cievsd ss leds 2,375.00 

RMIT Hp IINe Men garsr PEMA Nara Ohl tilaray ag GN ali tare) adh la eed a eopei's atk aides 200.00 

$4,258.54 
ecm iks COImmission charges: io ie ld alle cles lene ool 106.75 

Net income for the twelve months ended October 31, 1921 .................. 4,151.79 

OctobersslPalO Zl aalam ce ae ast cic ames tie wink sto ete ately ators $40,530.84 

The financial statements and books of account have been audited by Wm. J. Struss & Co., 

Certified Public Accountants, 93 Nassau Street, New York, N. Y. 

Respectfully submitted, 

DANIEL H. Cox, 

Secretary-Treasurer. 
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ActiInG SECRETARY BAxTER:—Gentlemen, it gives me great pleasure to be of service 

to the Society at any time. Following the example of many distinguished men, I shall serve 

as Secretary without compensation; and, furthermore, my salary as Honorary Vice-Presi- 

dent is hereby donated to the Society. 
This report has been distributed throughout the room. It shows a very satisfactory 

condition as regards the members and financial position of the Society. We came to the 

meeting last year with 1,521 members, and this report shows that we elected 241 new mem- 

bers at the last annual meeting. Since that time we have lost 81 members by death, resig- 

nations, etc., making our net increase 160, and the present total membership is 1,681. De- 

spite present conditions, we are coming to this meeting with 122 new applications, with 

many more still expected from recent appeals to members to bring in at least one new 

member. 

The report shows that we have increased our resources by the addition of a $5,000 U. S. 

Certificate of Indebtedness and a $3,000 Bank of America Certificate of Deposit. The 

depressing effect of business conditions at the present time is shown in the amount owing 

for dues, a total of $5,705, but a considerable number of those in arrears have written ex- 

pressing their intention to remit at an early date. 

The Secretary-Treasurer and the Committee on Papers have endeavored to effect a 

reduction in the cost of printing the preliminary papers and the volumes. The cost of the 

papers and the volume for 1920, when compared with the cost of the papers and volume 

for 1919, shows a reduction of nearly $2,800. 

It will be noted under Exhibit “B” that 25 per cent has been deducted for deprecia- 

tion of the value of the publications on hand. Undoubtedly the older volumes have depre- 

ciated in selling value and some reduction should have been made. 
The increase in rent is due to the fact that we were required to move to a larger office 

in June, 1920, in readjusting space in the Engineering Societies Building. 

The increase in salaries was incidental to the appointment of an assistant to the Secre- 

tary-Treasurer, with some clerical assistance in the office, which is also the reason for the 

increase in office expenses over last year; but this latter item includes a large amount of 
circularizing made in an effort to sell publications on hand and to procure new members. 

Exhibit “B” shows a surplus of income over expenses amounting to $6,507.68, which 

means that our present worth has increased from $14,431.16 to $20,938.84, whereas the last 

report showed we suffered a loss of nearly $2,000 in this respect. 

A most gratifying feature of the report is the steady advance shown by the increase 

of the Endowment Fund from $36,379.05 to $40,530.84, being an increase of $4,151.79. 

THE PresipENT :—Gentlemen, you have heard the report of the Secretary-Treasurer, 

which was approved by the Council at its meeting yesterday, and accepted as the report of 

the Council to the Society. 

Motion was made, seconded and adopted that the report of the Secretary-Treasurer 

as approved by the Council be accepted. . 

THE PRESIDENT :—During the past year, the Society, as noted by the Secretary, has 

lost by death a substantial number of its members. Following our usual custom, the mem- 

bers present will please rise while the Secretary reads these names. 
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Acting-Secretary Baxter then read the following list of names, the members standing: 
Ellsworth P. Bertholf, Martin C. Erismann, William D, Forbes, Frank L. Fernald, William 

E. Francis, Emilio S. Godoy, Maury P. Gregg, William N. Howell, Samuel S. Jordan, 

Henry Lysholm, John McInnes, Hugo J. Norman, Hugo B. Roelker, James B. Sneddon, 

Peter Cooper Hewitt, F. J. Renz. 

Tue PrEsIDENT:—Gentlemen, among these names you will all recognize many of those 

of members who have achieved high place in their profession. One of them is that of a 

scion of a family greatly distinguished in its patronage of art and science, who himself 

greatly advanced the world’s knowledge in pure and applied science and placed it under 

special obligation to him. I refer to Peter Cooper Hewitt. 

Another achieved the highest place in his chosen profession, was given special recog- 

nition by his government for the saving of many lives under difficult conditions, and, on his 

retirement from active service, accepted a high office in our principal Classification Society. 

Commodore Ellsworth Price Bertholf was well known to many of you, and his passing from 
the scene of his activities is a matter of deepest regret. 

Another distinguished member, who perhaps was not so well known to the younger 
generation, was William D. Forbes, a man who gave to the earlier deliberations of our Soci- 

ety the benefit of his ripe judgment. And though, in later years, deprived of the power of 

vision, he always maintained his interest in the welfare and activities of this Society. 

Proper recognition will be made, in our published transactions, of all of our departed 
associates, but it would be quite inappropriate if the Chair did not make special allusion 

to another name on this list, the name of a man who was an incorporator and one of the 

original Members of Council of this Society and who, almost up to the very moment of his 

death, maintained an active interest in it. I need hardly say that I refer to the Nestor of 

our profession, Francis Lysander Fernald; aman of high professional attainments, rare 

personal simplicity and charm, and beloved by all who knew him. A slight incident in his 

official career will quite well illustrate his point of view. Many years ago—more than 

thirty now—when graduates of the Naval Academy were not an “old story” in the Con- 
struction Corps of the Navy, one of the comparatively recent graduates was assigned to 

duty under Captain Fernald. This officer was a man very much younger than Captain 

Fernald and was, of course, a man lacking in practical experience, but he had had excel- 

lent theoretical, professional training. Captain Fernald, instead of receiving him casually 

or critically, made the following comment: “Well, my young friend, I have lived very much 

longer than you, and am, perhaps, at some disadvantage so far as theoretical training goes, 

but I have acquired certain practical experience. You, on the other hand, have had the best 

scientific training that the United States Government can give. I think that, together, we 

will make a very fine working team. I welcome you cordially to our official family.” Noth- 

ing could have been finer, nothing could have illustrated more perfectly his generous point of 

view. Gentlemen, we deeply regret the passing of all these dear friends, but they have left 

behind them hallowed memories, and we must accept the inevitable as best we can. 

Yesterday afternoon at a meeting of the Council, held in conformity with the provisions 
of the Constitution, the filling of vacancies or prospective vacancies in the offices of the Soci- 

ety was considered. The first on the list of prospective vacancies was the office of President. 

After very thorough consideration, the Nominating Committee made its report to the Coun- 

cil. It had selected a gentleman whose name when presented was immediately recognized 

as that of a man who had been closely associated with the Society from its very beginning, 
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and the gentleman in question had, as we all know, given the very best thought that was in 

him to the well-being of the Society—and that, we all know, meant a great deal. I take 

great pleasure in announcing that the Council unanimously recommended for the presi- 

dency of the Society for the ensuing term of three years, Mr. Walter M. McFarland. (Ap- 

plause.) It seems quite unnecessary to put his election to formal vote. Your reception of 

the announcement indicates quite clearly that his election is made by acclamation. 

The Council also recommended for election the following gentlemen as Vice-Presidents 

for the term expiring December 31, 1924: Lewis Nixon, H. I. Cone, C. H. Peabody, J. W. 

Powell. 

For Members of Council for the term expiring December 31, 1924: Andrew Fletcher, 

J. H. Mull, C. W. Dyson, E. H. M. Robinson, W. G. Coxe, Robert Haig. 

- For Associate Members of Council, for the term expiring December 31, 1924: E. M. 

Bull and J. N. Pew, Jr. 

For Executive Committee: Stevenson Taylor, W. L. Capps, Andrew Fletcher, F. L. 

DuBosque, J. W. Powell. 
For Committee on Papers: F. L. DuBosque, J. Howland Gardner, H. L. Aldrich. 

For Secretary and Treasurer, last but never least, Daniel H. Cox. 

Gentlemen, what is your pleasure with reference to the recommendation of the Council, 

regarding the names of officers which have been presented to you? 

Mr. Mason S. CuHaAcE:—I move that the recommendations of the Council be accepted. 

THE PRESIDENT :—It is moved and seconded that the recommendation submitted by the 
Council be accepted by the Society. All in favor say “Aye,” contrary-minded, “No.” The 

“Ayes” have it. The officers whose names have been presented are unanimously elected. 

The Secretary will now read the list of the new members recommended by the Council. 

Acting-Secretary Baxter then read the following list of names: 

Members (68). 

Lloyd V. Armstrong, Oil Engine Department, Ingersoll-Rand Co., 11 Broadway, New 

York, N. Y. P.O. address, 319 Fairmont Avenue, Jersey City, N. J. 

Charles H. Bateman, Hull Estimator, Staten Island Shipbuilding Co., Mariners Harbor. 

Staten Island, N. Y. 

Guy L. Bennett, Marine Surveyor, Governor Apartments, Charles and Reed Streets, 

Baltimore, Md. 

Robert F. A. Benson, Assistant Superintendent, Jahncke Dry Dock and Ship Repair 

Co., New Orleans, La. 

John L. Bogert, Consulting Engineer to Providence Engineering Corporation. P. O. 

address, 203 Greene Avenue, Brooklyn, N. Y. 

Leon B. Bozardt, Sales Engineer, American Engineering Co. P. O. address, 100 

Broadway, New York, N. Y. 

John C. Braislin, Surveyor, United States Salvage Association. P. O. address, 425 Clin- 

ton Avenue, Brooklyn, N. Y. 

George Brown, Surveyor, American Marine Insurance Syndicates. P. O. address, 1918 

Avenue H, Flatbush, Brooklyn, N. Y. 
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Hadley F. Brown, Works Manager, Globe Shipbuilding Co., Baltimore, Md. P, O. ad- 
dress, 3418 Norwood Avenue, Baltimore, Md. 

Frederick G. Brownlie, Naval Architect and Marine Surveyor. P. O. address, Baltic 
Chambers, 50 Wellington Street, Glasgow, Scotland. 

George L. Buchanan, Surveyor, American Bureau of Shipping. P. O. address, 419-21 
Hoster Building, Havana, Cuba. 

George S. Bull, Surveyor, American Marine Insurance Syndicates, 44 Beaver St., New 
Mork. IN. 

William Butler, Lloyd’s Register of Shipping, 17 Battery Place, New York, N. Y. 
Harold D. Campbell, Marine Superintendent, Sun Shipbuilding Co., Chester, Pa. 
William Compton, Surveyor, Salvage Association of London, 68 Broad Street, New 

Mork. Nii: 

William J. Deed, Naval Architect. P. O. address, 160 Cedar Hill Avenue, Nyack, N. Y. 
Joseph E. Dorward, Chief Estimator, Lord Dry Dock Corporation, 25 Broadway, New 

York, N. Y. P.O. address, 106 West 78th Street, New York, N. Y. 

Robert Douglas, Engineer Inspector, Construction Department, International Mercantile 

Marine Co., New York, N. Y. P. O. address, 312 Devon Street, Kearny, N. J. 

Arthur L. du Busc, Naval Architect, J. M. Sullivan Co., Ft. E. 9th St., New York, 

N. Y. P. O. address, 476 Jefferson Avenue, Elizabeth, N. J. 

Edwin A. Ernest, Inspector of Hulls, Merchant Shipbuilding Co., Chester, Pa. P. O. 
address, Langdon, Minn. 

William C. Foley, Chief Surveyor, American Marine Insurance Syndicates, 44 Beaver 
Street, New York, N. Y. 

James Forsyth, Superintendent, New York and Porto Rico Steamship Co., Pier 35, At- 

lantic Basin, Brooklyn, N. Y. P. O. address, 37 Howard Place, Brooklyn, N. Y. 

David Galloway, Superintendent Engineer, International Mercantile Marine Corpora- 
tion, New York, N. Y. P. O. address, P. O. Box 191, Hoboken, N. J. 

Eugene G. Grace, President, Bethlehem Shipbuilding Corporation, Ltd. P. O. address, 

“N” and Prospect Avenues, Bethlehem, Pa. 

Alexander Guidoni, Lieut. Colonel, Royal Corps of Naval Constructors, Italian Navy, 

and Air Attaché, Italian Embassy. P. O. address, 1400 New Hampshire Avenue, Wash- 
ington, D. C. 

Herbert D. Haverfield, Marine Engineer, Chas. Cory & Son, 183 Varick St., New York, 

INGA? 

Frederick D. Hesley, Surveyor and Contract Writer, U. S. Shipping Board, 45 Broad- 
way, New York, N. Y. P. O. address, 709 Foster Avenue, Brooklyn, N. Y. 

William M. Huskisson, Engineer Assistant to Messrs. Vickers’ Agent in the United 

States, 2550 Woolworth Building, New York, N. Y. P. O. address, 15 Wildwood Road, 

Larchmont, N. Y. 

Robert Jacob, Ship and Yacht Builder, City Island, N. Y. 

Patrick S. Jolly, Surveyor, American Marine Insurance Syndicates, 44 Beaver Street, 

New York, N. Y. P. O. address, 1554 Richmond Turnpike, West New Brighton, Staten 

Island, New York. 

Waldo L. Kraemer, Sales Engineer, Kearfott Engineering Co., Inc., 95 Liberty Street, 

New York, N. Y. P. O. address, 305 8th Avenue, Brooklyn, N. Y. 

George F. Lynn, Fleet Engineer, Great Lakes Steamship Co., 1007 Kirby Building, 

Cleveland, Ohio. 
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John A. McKeown, Surveyor, U. S. Shipping Board, 45 Broadway, New York, N. Y. 

P. O. address, 485 6th Street, Brooklyn, N. Y. 

Martin McLeod, Dockmaster, Montreal Dry Dock and Ship Repairing Co. P. O. ad- 
dress, 88A Durocher Street, Montreal, Quebec. 

John R. McRae, Chief Inspector, North Atlantic District, U. S. Shipping Board, 45 

Broadway, New York, N. Y. P. O. address, 1571 77th Street, Brooklyn, N. Y. 

William H. Magee, Resident Engineer (New York District), American Engineering 

Co., Philadelphia, Pa. P. O. address, 100 Broadway, New York, N. Y. 

Edward T. Malloy, General Superintendent, Jahncke Dry Docks and Ship Repair Co., 

New Orleans, La. 

Julius E. Marwitz, Superintending Engineer, Transatlantica Italiana America, Medi- 

terranean S. S. Co., and Maru Navigation Co. P. O. address, 5 State Street, New York, N.Y. 

Cornelius W. Middleton, Engineer, Marine Department, Babcock & Wilcox Co., 85 

Liberty Street, New York, N. Y. 

Charles P. Minning, Marine Superintendent, American Fuel Oil and Transportation Co. 
P. O. address, Room 1700, 111 Broadway, New York, N. Y. 

Charles E. Montgomery, Assistant Superintending Engineer, Panaman R. R. S. S. Line, 

24 State Street, New York, N. Y. P. O. address, 25 Fort Washington Avenue, New York, 

INFYe 
George L. Moore, Marine Engineer, Service Department, The Superheater Co., 17 E. 

42d Street, New York, N. Y. P. O. address, 94 Riverside Drive, New York, N. Y. 

John H. Moore, Superintendent Engineer, United Fruit Company, Pier 9, North River, 

New York, N. Y. 

Leslie R. Oliver, Port Engineer, J. S. Emery & Co., Inc., 114 State Street, Boston, 

Mass. P. O. address, 22 Albion Road, Wollaston, Mass. 

John D. O’Meara, Draughtsman, New York Shipbuilding Corporation, Camden, N. J. 

P. O. address, 344 Carteret Street, Camden, N. J. 

George E. Pendergast, Marine Superintendent, Union Petroleum Steamship Co., 26 

Broadway, New York, N. Y. 

Walter E. Pommer, Naval Architect. P.O. address, 711 Majestic Building, Milwau- 

kee, Wis. : 

Frederick A. Resch, Hull and Engine Draughtsman, Tietjen and Lang Plant, Hoboken, 

N. J. P. O. address, 589 Bramhall Avenue, Jersey City, N. J. ; 

Charles C. Roberts, Marine Inspector in British Isles for the U. S. Shipping Board, 
P. O. address, 36 Van Winkle Street, Boston, 24, Mass. 

Alexander Robertson, Port Engineer, Ore Steamship Corporation at Sparrows Point. 

Md., also 11 Broadway, New York, N. Y. P.O. address, 64 Admiral Boulevard, Dundalk, 

Md. 
James Robertson, Contracting Naval Architect and Marine Engineer, 24 California 

Street, San Francisco, Cal. 

John Sanders, Jr., Representative U. S. Shipping Board at Submarine Boat Corporation. 

P. O. address, Box 456, Newark, N. J. 
Daniel Sawyer, Superintending Engineer, Norfolk & Washington Steamboat Co., Wash- 

ington, D.C. P.O. address, 1926 Kearney Street, N. E., Washington, D. C. 

Thomas Service, Engineer, Fuel Oil Burning Department, Bethlehem Shipbuilding 

Corporation, Bethlehem, Pa. P. O. address, Bethlehem, Pa. 
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James C. Shaw, Assistant to Chief Engineer, The Wm. Cramp & Sons S. & E. B. Co., 
Philadelphia, Pa. 

Carl D. Smith, Chief Inspector, Steamship Zulia, Red D. Steamship Lines. P. O. ad- 
dress, 36 Tompkins Place, Brooklyn, N. Y. 

William Snoswell, Marine Inspector, Standard Oil Co. of New York. P. O. address, 

51 Four Corner Road, Dongan Hills, Staten Island, N. Y. 

Elwin L. Stewart, Naval Architect, Standard Oil Co. of N. J., 26 Broadway, New 
York, N. Y. 

Daniel A. J. Sullivan, Commodore of Black Diamond Steamship Corporation. P. O. 

address, 349 Garden Avenue, Mount Vernon, N. Y. 

Howard N. Tait, Superintendent Engineer, C. H. Sprague & Son, Boston, Mass. P. O. 

address, 141 Milk Street, Boston, Mass. 

Thomas M. Tait, Superintendent of Repairs, New York and Cuba Mail Steamship Co., 

Pier 13, East River, New York, N. Y. P.O. address, 8204 Ridge Boulevard, Brooklyn, 

ISTE No. 

Charles M. Taylor, Chargeman Draughtsman, Navy Yard, Boston, Mass. P. O. address, 
363 North Street, East Weymouth, Mass. 

Walter E. Thau, Engineer, Westinghouse Electric and Manufacturing Co., East Pitts- 

burgh, Pa. P. O. address, 567 East End Avenue, Pittsburgh, Pa. 

Anthony Vandenheuvel, Superintending Engineer, New York Canal and Great Lakes 

Corporation, 27 Pearl Street, New York, N. Y. P. O. address, 20 Jennings Street, Elm- 

hurst, L. I. 

Robert H. Wager, President, Wager Furnace Bridge Wall Co., Inc. P.O. address, 149 

Broadway, New York, N. Y. 

Oscar Wahlquist, Senior Engineer, U. S. Shipping Board. P.O. address, 232 Brookline 

Boulevard, Philadelphia, Pa. 

Robert D. Whittaker, Combustion Engineer, White Fuel Oil Engineering Corporation, 

742 East 12th Street, New York, N. Y. P.O. address, 161 68th Street, Brooklyn, N. Y. 

Roger Williams, Manager, Operating Department, International Mercantile Marine 

Co., 9 Broadway, New York, N. Y. P.O. address, 40 Ingram Street, Forest Hills, Long 

Island, N. Y. 

Associates (13). 

Robert Colston, Member Marine Department, The Griscom-Russel Co., 90 West Street, 

New York, N. Y. P. O. address, 36 Wendt Avenue, Larchmont, N. Y. 

William J. Du Bree, Secretary and Treasurer, Du-Fo Products Company, 1018 Harri- 
son Building, Philadelphia, Pa. 

John Englis, Vice-President, C. M. Englis, Inc., Grand Central Terminal, New York, 

N. Y. P.O. address, 340 Park Avenue, New York, N. Y. 

Peter R. Foley, President, Du-Fo Products Company, Harrison Building, Philadelphia, 

Pa. 

Philip A. S. Franklin, President, International Mercantile Marine Company, 9 Broad- 

way, New York, N. Y. 

Henry Frielinghaus, Jr., Assistant Treasurer, Tietjen & Lang Dry Dock Co., Hoboken, 

ING J 

James A. Hargan, Draughtsman, Robins Dry Dock and Repair Co., Erie Basin, Brook- 

lyn, N. Y. P. O. address, 154 Richmond Street, Brooklyn, N. Y. 
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Charles H. Mallory, Assistant Manager, Operations Department, Munson Steamship 

Line. P. O. address, Port Chester, Pa. 

Chidley D. Mears, Hull Estimator, Federal Shipbuilding Co., Kearny, N. J. P. O. ad- 

dress, 95 Walnut Street, Bloomfield, N. J. 

William G. Post, Assistant Marine Manager, Sinclair Navigation Co. P. O. address, 

139 Wegman Parkway,: Jersey City, N. J. 

George A. Tomlinson, President, Buffalo Dry Dock Co., Buffalo, N. Y. P. O. address, 

1229 Kirby Building, Cleveland, Ohio. 

Elisha Webb, Jr., President Elisha Webb & Son Co. P. O. address, 136 South Front 

Street, Philadelphia, Pa. 

Joseph S. Wood, Marine Superintendent, Wilson Transit Co., Cleveland, Ohio. P. O. 

address, 2994 Scarborough Road, Cleveland Heights, Ohio. 

Jumiors (7). 

James L. Dobson, Superintendent of Marine Work, Pennsylvania Flooring and Coating 

Co. P. O. address, Bulletin Building, Philadelphia, Pa. 

Philip W. Clark, Instructor in Naval Architecture at Lehigh University. P. O. ad- 

dress, Lehigh University, Bethlehem, Pa. 

George L. du Busc, Assistant in Sales Department, Bethlehem Shipbuilding Corpora- 

tion, 111 Broadway, New York, N. Y. P. O. address, 476 Jefferson Avenue, Elizabeth, N. J. 

George W. Grove, Sales Engineer, Bethlehem Steel Co., New York, N. Y. 

Amos S. Hebble, Jr., Marine Draughtsman, Tietjen & Lang Dry Dock Co. P. O. ad- 
dress, 31 Vernon Terrace, East Orange, N. J. 

Jacob Mesnick, Marine Engineer. P. O. address, 713 Courtlandt Avenue, Bronx, N. Y. 

Harry Neilson, Marine Draughtsman, Tietjen & Lang Dry Dock Co. P. O. address, 

253 Emerson Place, Brooklyn, N. Y. 

Junior to Member (3). 

William Nelson, Assistant Naval Constructor (C. C.), U. S. N., Bethlehem Shipbuilding 

Company, Union Plant, San Francisco, Calif. 

Hendrik C. Snethlage, Naval Architect, Christensen & Snethlage. P. O. address, 9 

Portsmouth Place, Forest Hills, Long Island, N. Y. 

Thomas H. Soyster, Marine Draughtsman, Standard Oil Co. of New York, 26 Broad- 

way, New York, N. Y. P. O. address, 79 Florence Avenue, Bloomfield, N. J. 

Junior to Associate (1). 

Carl E. Peterson, Naval Architect, U. S. Lines, 120 Broadway, New York, N. Y. 

Associate to Member (7) 

Reuben E. Bakenhus, Captain (C. E. C.), U. S. N., Assistant Chief, Bureau of Yards 

and Docks, Navy Department, Washington, D. C. 

Edmund D. Bistline, Works Accountant, Federal Shipbuilding Co., Newark, N. J. P. O. 

address, 338 Roseville Avenue, Newark, N. J. 
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Hans A. Christensen, Naval Architect, Christensen & Snethlage, 25 Broadway, New 
York, N. Y. 

Joseph M. Kiernan, Lieutenant (j. g.) (C.C.), U.S. Navy, Hull Division, Navy Yard, 

New York, N. Y. 

George C. Manning, Lieut. Commander (C. C.), U. S. Navy, Production Superinten- 

dent, Hull Division, Navy Yard, Charleston, S. C. 

Henry E. Rossell, Commander (C. C.), U. S. Navy, Engineering Superintendent of 

Hull Division, Navy Yard, Philadelphia, Pa. 

Albert E. Eldredge, Treasurer, George Lawley & Sons Corporation, Neponsit, Mass. 

THE PRESIDENT :—Gentlemen, you have heard the list of names read by the Acting 

Secretary. What is your pleasure? 

ProFressor HERBERT C. SADLER:—I move that the applicants whose names have been 

read by the Acting Secretary, and whose applications have been approved by the Council, be 

accepted by the Society, and that they be elected to membership in the various classes 

indicated. 

The motion was duly seconded, put to vote and carried. 

THE PRESIDENT :—At yesterday’s meeting of the Council, an amendment which had been 

duly proposed in conformity with the Constitution was unanimously approved by the Coun- 

cil. It is now ready for final action by the Society. This amendment is brief, and deals with 

the composition of the Executive Committee, increasing its membership from a total of seven 

to a total of nine. This increase was found desirable in order that we could more easily 

have a quorum when a meeting was held at the headquarters of the Society in New York. 

The Acting Secretary will please read the proposed amendment. 

The Acting Secretary then read the proposed amendment as follows: 
“The direct management of the Society shall be vested in an Executive Committee of 

nine, composed of seven members of Council, elected annually by the Council, and the Presi- 

dent and the Secretary of the Society ex-officio. At least five members of the seven elec- 

tive members of the committee shall be Members of the Society.” 

THE PRESIDENT :—Gentlemen, you have heard the proposed amendment. What is your 

pleasure? 

Mr. Howarp C. Hiceins, Life Member:—I move the adoption of the proposed amend- 

ment to Article 5 of the Constitution. 

THE PRESIDENT:—It has been moved and seconded, that tne amendment, as recom- 

mended by the Council, be adopted by the Society, and incorporated in the Constitution. All 

in favor say “Aye”; contrary-minded “No.” The “Ayes” have it and the amendment is 

adopted. 

We have now come to the point in our preliminary proceedings, gentlemen, when the 
President is expected to make an address. On this particular occasion “a few remarks” 

would much more fittingly describe what the President is going to say. These few remarks, 

if taken by themselves, might give cause for sadness, because many things are happening 
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in the world at the present time, and the shipbuilding profession is not at the head of active 

industrial pursuits. I think, however, in this great country of ours, we can always afford 

to be optimistic, and if, temporarily, the shipbuilder and the ship operator are not enjoying 

a high degree of prosperity, they can well afford to remember that possibly it is for the best 

good of the greatest number, and that their day will surely come in the future. 

PRESIDENT’S ADDRESS. 

Twice during the past three years, the Annual Meeting of our Society has been coin- 

cident with events which are epochal in the world’s history. These events must necessarily 

have a profound effect upon the “promotion of the art of shipbuilding, commercial and 

naval,” the object, as stated in our Constitution, for which this Society of Naval Archi- 

tects and Marine Engineers was founded. 

On November 11, 1918, was concluded an armistice which virtually ended a war greater 

in magnitude and in world significance than pre-war historians would have dared imagine. 

This gigantic struggle had dislocated practically all industrial effort, over-expanding 

in some directions, ruinously contracting in others. The shipbuilder and the ship operator 

were no exceptions in this general upheaval. They were both subjected to unusual de- 

mands. They both responded in a manner too well known and of too recent occurrence to 

require extended comment. Suffice it to say that the tonnage for the transportation of mil- 

lions of men and many million tons of supplies was forthcoming in sufficient quantity, 

and the menace of the submarine, which at one time threatened disastrous results to the 

Allied cause, was overcome by the efficiency and gallantry of the Allied and Associated Na- 

vies and Merchant Marine, the gallantry of the personnel being fairly matched by the effi- 

ciency of the matériel. 
But, in those desperate efforts to combat enemy operations and to replace the tonnage 

sent to the bottom by enemy submarines, shipbuilding, both naval and commercial, was stim- 

ulated to an abnormal degree. The result is known to all. The world’s naval and commer- 

cial tonnage today, despite the World War’s losses, are both far greater than they were in 

1914, while the world’s trade, reacting from the stimulus of war and the months succeed- 

ing the armistice, has been decreasing. 
There is nothing abnormal in the comparative confusion and lack of stability in indus- 

trial and trade conditions now confronting the world. History is in reality repeating itself. 

Conditions which prevailed at the end of the Napoleonic wars, as well as those which have 

developed at the conclusion of other great conflicts, are being paralleled at the present time, 

although on a vastly greater scale. 
Great as has been the industrial upheaval due to the World War, serious as may now 

appear the conditions which prevail in that industry which is the especial concern of the 

members of this Society, it is hoped and believed that the return to normal conditions will 

be much more rapid at this time than at the conclusion of any of the other great world crises. 

While it is always difficult for those directly affected to keep in true perspective develop- 

ments which so vitally concern their interests, there is little doubt that the history now being 

made in the capital of our country will be epochal in character, and, in the final analysis, 

the decisions now being formulated will be beneficial to all mankind. 

While it would not be appropriate at this time and in this place to do more than refer 

to the possible effect of these decisions, it would not seem out of place to note the tre- 
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mendous changes which have taken place in world shipping and ship construction and world 
trade during the last few years. The effect of those changes in shipbuilding and ship oper- 
ating in the United States is obviously most important. 

It will, therefore, be worth our while to note briefly some of these changes. 
From data compiled from latest reports of the U. S. Commissioner of Navigation and 

Lloyd’s Register, it appears that: 

In 1914, the world’s gross tonnage in vessels of 100 tons or more was approximately 

49,000,000 tons. Of this, more than 42,000,000 tons was steel steam tonnage. In 1921, the 
gross steel steam tonnage alone had increased to nearly 55,000,000 tons. Of the total world 

ship tonnage of 49,000,000 tons in 1914, the United States had, in overseas trade, only 
1,100,000 tons, while the gross United States steam tonnage engaged in overseas trade in 

1921 was practically ten times the 1914 figure. Of this enormous expansion of U. S. 
ocean-going tonnage, approximately 8,000,000 tons were contributed by the Government of 

the United States through its authorized agency, the United States Shipping Board Emer- 

gency Fleet Corporation, and the cost of this additional tonnage, due largely to war con- 
ditions, was virtually equal to that of the entire pre-war world tonnage. 

As opposed to the great increase in overseas tonnage, it is worthy of note that the in- 

crease in U. S. tonnage engaged in domestic trade in the 7-year period from 1914 to 1921 

was comparatively insignificant, being less than 5 per cent. 
It is also interesting to note that the total increase in world tonnage in the 7-year 

period preceding and following 1914 was approximately 10,000,000 tons, the percentage 

increase for the 7-year period 1907-1914 being really greater than that for the 7-year period 
which included the war expansion. 

Nor were the increases in American trade in American bottoms less significant than 
the increases in American overseas tonnage. 

The entries and clearances of U. S. vessels in North American trade had increased 

from 26,000,000 tons in 1914 to 46,000,000 tons in 1921, while the trans-oceanic or overseas 

trade had increased from 1,700,000 tons in 1914 to 22,000,000 tons in 1921. The corre- 

sponding United States trade carried in foreign bottoms decreased from 31,000,000 tons of 
entries and clearances in 1914 to 25,000,000 tons in 1921, while the overseas entries and 

clearances of U. S. trade in foreign vessels decreased from 48,000,000 tons to 45,000,000 

tons in the same period. We thus had, during the 7-year period, 1914 to 1921, a tremendous 

increase in overseas entries and clearances in U. S. vessels, with a slight decrease for foreign 

vessels, the net result being, of course, a very great increase in U. S. world trade. 

In further illustration of the great change which has taken place in recent years in 

American steel steam tonnage, it is worthy of note that while the increase in this tonnage 

for the period 1907-1914 was approximately 50 per cent, the increase for the following 7- 

year period was nearly 300 per cent. Moreover, in 1914, the U. S. had less than 10 per 
cent of the world’s steel tonnage; it now has approximately 26 per cent of the total. 

When we note the variations in quantity of steel ship construction for the period in 

question, the facts are even more startling. In 1915, the total tonnage of ocean-going steel 
vessels of more than 1,000 tons gross register, constructed in the U. S., was approximately 
112,000 tons. In 1920, this had increased to nearly 2,900,000 tons, or more than 2,500 per 

cent. Now, however, building programs are nearly completed and the actual merchant ship 

steel steam tonnage under construction, as reported by Lloyd’s Register for the quarter end- 

ing September 30, 1921, is approximately 420,000 tons for the United States and 4,550,000 

for the rest of the world. 
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The foregoing brief reference to abnormal changes in conditions with respect to ships 

built and building and cargoes carried, especially in their relation to the U. S., is illustrative 
of the extraordinary character of the revolution which went on during the 7-year period in 

question. Of course, no one who has considered carefully the trade economics of the situ- 

ation has doubted for an instant that serious readjustments must, sooner or later, take place 

and that those readjustments would, temporarily at least, involve many difficulties. Those 

readjustments are now in the making, and temporary stagnation in U. S. shipbuilding and 

a decrease in overseas commerce are inevitable until the abnormal developments due to the 

war have been placed in their proper relation to normal peace-time conditions. 

In passing, it may be well to note that there were great losses of high-class passenger 

vessels during the war and that much of the war-time construction and service of all vessels 

was of a character which would greatly shorten their period of usefulness; it may, therefore, 

be anticipated that sometime in the not far distant future shipbuilding will profit from these 

conditions. 

The membership of this Society is, of course, profoundly interested in the developments 

which have taken place and are now proceeding. The effect upon the shipbuilding industry 
as a whole, at the present time, is serious. The effect upon ship operation is also serious. 

Highly developed shipbuilding plants are, in great part, idle. Hundreds of comparatively 

new steel vessels are tied up with no immediate prospect of obtaining cargoes. That these 

conditions are temporary may well be true, and the period of readjustment must be accepted, 

with as much equanimity as possible, as a necessary part of the aftermath of the stupen- 

dous struggle through which the world has recently passed. 

Passing, now, from this brief survey of world conditions which indirectly, and even di- 

rectly, affect the future of those interests in which the membership of this Society is so deeply 

concerned, it is a pleasure to record that the condition of the Society itself, both as to mem- 

bership and income, is very encouraging. It is interesting to note that the membership has 

increased from 762 in 1916 to 1,762 in 1921, or more than 125 per cent, and there are 122 

candidates for admission whose applications are to be acted upon at this meeting. The increase 

in annual dues adopted at the last meeting has relieved, in large measure, the financial em- 

barrassment with which the Society was then confronted. It is too soon yet to assume, with 
prudent regard for the future, any unusual additional financial obligations. The establish- 

ment of scholarships at technical colleges is one of the extensions of the Society’s activi- 
ties which is still a cherished hope of the future since the proper education and training of 

younger members of our profession has been and must continue to be one of the most 

effective lines in which this Society can “promote the art of shipbuilding, commercial and 

naval.” On the first occasion on which I addressed you as President, it was noted that the 

Society is “a great educational institution whose standards and ideals must be maintained and 

whose powers of instruction and professional helpfulness should be constantly developed,” 

and that “upon the maintenance of high standards for the art of shipbuilding depends, in 

large measure, the satisfactory solution of the many great problems connected with ocean, 

lake, and inland water transportation with their consequent beneficent results for humanity. 

To aim at less would be to miss our greatest opportunity for good.” 
These statements are as true today as they were three years ago. Therefore, during 

the difficult period of readjustment through which nearly all industrial activities, and par- 

ticularly the shipbuilding industry, are passing, we should be encouraged by the reflection 

that character of performance will, in the final analysis, be the measure of our success. No mat- 

ac 
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ter how difficult may seem the future, skill, integrity, and high standards of performance 
will, even under the keenest international competition, achieve the results most to be desired. 

As in the days of the sailing clipper ship when the American shipbuilder excelled all 

others and the American Merchant Marine was at the forefront in tonnage and efficiency, 

we may confidently look forward to a period when efficiency of design, construction and 

operation of the power-driven cargo and passenger vessels of the future will place the 

United States again among the leaders of maritime development, and it is to be hoped 

that the rivalry through which such results may be accomplished will be of an entirely friendly 

character largely as represented by efficient passenger and cargo vessels rather than by vessels 
primarily designed for destructive purposes. 

The reading of the President’s address was greeted with applause. 

THE PRESIDENT :—I am requested to announce that arrangements have been made for 

visiting the Leviathan. Full information can be obtained through Captain McAllister, at 

the entrance to the hall, or his accredited representative. 

We will now proceed with the reading of papers. Obviously, several papers on this pro- 
gram were prepared well in advance of the meeting. Some of these papers deal with naval 

matters. Even the naval papers, however, deal with tactical or technical subjects. They 

will be presented by the various authors in abstract. It is hoped that the discussion which 

will ensue will throw light upon the tactical and technical features involved in these papers. 

The discussion should not, of course, in the slightest degree, touch upon subjects which are 

within the special province of the International Conference now in session in Washington. 

It is a very real pleasure to the Chair to announce that the first paper will be contributed 

by a distinguished officer of the United States Navy, who himself occupies a very impor- 

tant relation to that conference, and who bears a name which is especially distinguished 

in the annals of the United States Navy. I take great pleasure in presenting to you Rear 

Admiral W. L. Rodgers, U. S. N., an Associate Member of the Society. His paper is en- 

titled, “The Tactical Relations between Different Clases of Men-of-War and Their Embodi- 

ment in Design.” 

Rear Admiral Rodgers presented the paper. 





THE TACTICAL RELATIONS BETWEEN DIFFERENT CLASSES OF MEN-OF- 

WAR AND THEIR EMBODIMENT IN DESIGN. 

By Rear Apmrrat W. L. Ropcers, Unirep States Navy, ASSOCIATE. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

A paper for the Society of Naval Architects on the subject of the relation of the battle- 
ship to other types of combatant ships is one which I am able to discuss only from a tactical 

point of view. In the relation existing between the different classes of ships there are 

several fundamental principles, controlling factors, which are embodied in history and experi- 

ence. As to the steps by which the designing constructor embodies these principles in an ac- 

ceptable design, I shall have nothing to say, as it would be beyond my capacity. But some 

of the fundamental rules of war are of interest to us all, both as citizens and as members of 

technical professions, and an understanding of one another’s requirements and limitations 

can only be mutually helpful in showing the interlocking of design and of tactics. 

OBJECTIVE OF NAVAL EFFORT. 

As a first point of inquiry we may ask what a navy is for. Except for fisheries the sea 

is uninhabitable and unproductive. It is used by mankind only as a highway of commerce; 

as a highway its control by a dominant merchant fleet enables one power to secure its own 

economic prosperity at the expense of rivals without such control of trade routes. A domi- 

nant merchant fleet in peace enables a nation to take a middleman’s monopolistic profit of 
world business in peace and throttle the development of a rival. In war, such a fleet sup- 

plies a nation, while its lack may reduce a nation to want and economic defeat. We have 
seen this exemplified very recently. 

Contrary to popular belief, combatant fleets are not built for the purpose of enjoying 
a national championship fight to the finish. They are built for the ultimate purpose of driv- 

ing hostile commerce from the seas and controlling neutral commerce as far as they can. 
As a means thereto, they seek to destroy the protecting and opposing fleets of their enemy 

to the end that, after a decisive sea battle, economic pressure on the enemy will become se- 

vere, and greater military effort will also be possible through the use of the sea for military 

transportation. Thus a combatant fleet should be so built that its main fighting strength 

is in such form as may be best fitted to sweep an opposing combatant fleet from the seas. 

This is the first step towards the goal of economic control of ocean commerce and mari- 

time trade. 

With this object we have our main body of the fleet seeking a decision by force. But 

our strength must be exerted intelligently. We cannot let it be ruined by surprise or misled 

into futilities. Knowledge must precede action. 

As a distinguished German military writer says: “From knowledge to action it is always 

a great leap, but from ignorance to action the leap is a still greater one.” Our fleet must not 

leap from ignorance into an abyss. The main strength must be guarded from surprise by 
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“speed” ships screening it. It must be guided truly by speed ships reconnoitering and seek- 

ing for correct information, fighting for it as necessary. 

Thus a strategic necessity forces us to develop our combatant surface fleet along two 
lines, “strength” ships for the ultimate battle reliance and “speed” ships for auxiliary and pre- 

liminary service of screening and scouting. 

Yet these speed ships as against each other must be strength ships, for they must live 

through their own preliminary hostile contacts to do their duty towards their main body 

previous to the great fleet action; and after it they must combine sufficient strength with their 

mobility to sweep up hostile commerce and so accomplish the naval objective. 

If one asks why these speed ships, which accomplish the final step of destroying the hos- 

tile merchant fleet are not themselves also the strength ships for the main battle, the answer 

is that concentration for battle, and the battle itself, must precede the dispersion which reaps 

the fruit of battle. The strength ships must fight and control the seas before the speed ships 

are wholly free. If we try to combine the two functions, we have design and counter design 

each accentuating strength, till we arrive at the typical battleship attaining the utmost tactical 

battle endurance and are obliged to start design anew with a speed ship suitable to cooperate 

with the battleship. 

To compare the tactical use of the various types of ships we have first to look at the 

combatant elements embodied in all fighting ships and understand their relationship. These 

elements comprise means of attack, of defense and of mobility, all resting on the elements 

of seaworthiness (sea keeping, buoyancy, habitability) as their basis and support. 

RELATIONS OF ATTACK AND DEFENSE. 

The general relations of attack and defense need attention. Passive defense may always 

be overcome in time; what man has made, man can destroy. In delaying destruction, the 

defense finds the limit of its powers. 

Defense is useful only in so much as it gives time and opportunity for a fighting man 

or group of men to develop their own counter attack and destroy the lives of enemies. The 

aggressive fighting spirit is the soul of warfare. Without it a combatant will attain only 

defeat at the end. 

As an extreme example of a passive defense we may take the safety vaults of Wall 

Street. The valuables in the vaults are as strongly protected as steel and cement can pro- 

tect them, but the real defense is in the watchman and his gun, his honesty and courage. If 

the watchman fails to take the opportunity to fight when the burglar alarm rings, the 

strongest vault cannot protect. 

The public was too liable to draw false lessons from the recent bombing attacks on the 

ex-German battleship Ostfriesland. Her passive defense was as strong as the art of the 

day could accomplish. This ship was required to be sunk by treaty, and the Navy Depart- 

ment decided to do so by bombs from the air. The essential in the matter was that there was 

no one either on board or elsewhere to resist by force the department’s resolution to destroy 
her. The attacking force was uninjured, and so she was destroyed. A bull fight is inter- 

esting to sporting people because the bull has a chance of injuring his enemy, who must do 

his best or be killed himself. But the Ostfriesland bull went to a slaughter house for ana- 

tomical vivisection ending by butchery. 
Combatant strength or endurance as a whole is not the sum of defensive and offensive 

powers, but more in the nature of a product of these two factors. This has long been 
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known practically. Theoretically it may be pointed out that the defensive strength measures 

and prolongs the time element during which the offensive aggressive power is doing its work 

of destroying the enemy. 

DEFENSIVE STRENGTH. 

Defense, or the attainment of safety, may be accomplished in three ways—by protec- 
tion, by concealment, and by flight or evasion. 

A ship is defended by protection in two ways—namely, by armor in some form 

against projectiles and other explosive attacks above water and by compartmentation 

against invasion by water. The first form of protection is afforded directly to life, as well 

as to the ship herself. The second form of protection is directly to the ship as a carrier but 

only indirectly to the lives of those on board. 

It is in the battleship that we find the greatest development of protection. The 

weight of armor is about 20 to 25 per cent of the displacement. Compartmentation is car- 

ried to the highest practicable degree. But,as we have seen, combatant endurance is the 

product of offensive strength and defensive strength. We must therefore get our full value 

out of the battleship by making her strong in attack also. We do not know precisely what 

relative weights of armament and protection will give the maximum yield, but the empiri- 

cal solution which the best efforts of designers of all powers seem to have arrived at is that 

the protective weights in battleships should be not far from twice that devoted to the arma- 

ment and ammunition. 

For obtaining a defense by concealment we have two methods. One, the latest in 

point of time, is the smoke screen, but the application of this method calls for no attention 

in this paper. The second method of concealment is that of submergence, and its practice 

requires a special type of vessel, the submarine, radically different from all others. In all 

surface ships the design is such that it provides for a very large factor of safety by ample 

reserve buoyancy. In all ordinary conditions the law of gravity is friendly to surface ships. 

But in a submarine the combatant defense by concealment is gained only by the sacrifice of 

navigational safety. In passing from the cruising to the diving condition, reserve buoyancy is 

lost, and the law of gravity is turned from an attitude of benevolence to one of indifference 

bordering on unfriendliness. The preservation of this neutral condition of no buoyancy be- 

comes the chief preoccupation of all on board; it influences every movement and controls 

efficiency in very great degree. Moreover, it tends, to some extent, to limit the size of 

submarines. 
To make full use of the power of concealment inherent in her design, a submarine must 

practice in peace and utilize in war what are known as “crash” dives, when the order to 

close up openings is followed almost instantly by the dive. The life of the boat and 

safety of all depend on every responsible man doing his whole duty with little time for the 

captain to assure himself that his order has gone through and has been properly executed. 

As boats grow larger the difficulties of communication and opportunities for errors and 

negligence by operators increase, and the law of “diminishing returns” so well known in 

business comes into play. Difficulties in administration tend to become dangers in this 

type and offset the advantages in design which are offered by increase in size of submarines. 

The submarine has not been a welcome development to all powers. It is the weapon of 

the weak powers. To a navy, dominant, as is England’s, a new invention can only threaten 

its supremacy. England is therefore very slow to take up new things whose success would 



78 THE TACTICAL RELATIONS BETWEEN DIFFERENT CLASSES 

threaten her present supremacy. England opposed the submarine till other powers made 

it a success and then England was obliged to accept it. 

We may now come to defense by evasion or, less euphemistically, by flight. 

As we have seen, a ship’s combatant power or battle endurance to live longer than her 

enemy and accomplish her ultimate purposes is the product of her defensive by her offen- 

sive strength. If either factor becomes very small, the other must become impracticably 

great in order to give a probability of ultimate survival. Hence, if a type of ship sacrifices 

defense by protection or by concealment, she must either secure herself by enormous 

armament or she must get a reasonable measure of defense by her speed and consequent 

ability to run away. 

As a principle of design, we may then take it that sacrifice of protection normally calls 

for speeds superior to those of better protected types of ships. And so, taking battleships 

as setting the standard speed for combatant ships, we find that all surface ships less thor- 

oughly protected should be faster as their armor grows thinner, whereas to submarines, 

whose defense lies in concealment, a submerged speed much less than battleship speed is all 

that is necessary. 

OFFENSIVE STRENGTH. 

Next we may take up the subject of offense. The oldest form of attack now import- 

ant is artillery fire, chiefly aimed at the upper works and crew, using explosive shell and, 

recently, poison gas. With these latter may be classed deck bombs dropped by fliers. A 

more recent form of attack is that of the torpedo directed against the underwater body of 

the ship. 

The essential difference in the manner of employment of these two weapons is that the 

velocity of the gun’s projectile is such that, once within range of a gun, its projectile cannot 

be avoided or parried by the target ship. The gun is the weapon best fitted for heavy “give 

and take’’ and for the exercise of stern resolution to win by endurance to outlast the enemy. 

The torpedo, however, has a speed which at best is little greater than that of the fast- 

est ships. It cannot overtake a ship unless the range is short, for it does not run far; it is 

preferably fired to meet an advancing enemy. Hence the torpedo is eminently a weapon for 

fast ships. Further, ships having a defensive element in their speed, if properly armed, 

find in their speed also an offensive element as against slower ships, owing to their ability 

either to gain desirable position or else force the enemy, to maneuver disadvantageously 

under gun fire. 

MOBILITY. 

We have already discussed speed as an element in attack and in defense from a tacti- 

cal point of view. We must further consider it from a strategic point of view and the con- 

sequent influence on design. 

Fuel endurance as a strategic factor must be increased as ships are expected to operate 

in wider waters. The light cruisers operating against each other in the late war across the 

North Sea were of from 3,000 to 5,000 tons and were quite effective. To operate equally 

effectively across an ocean, the size of individual ships should be much larger. The Karlsruhe 

and other German raiders in the broad ocean were much preoccupied by the question of 

finding fuel. Some years ago this matter was the subject of marked divergence of views 

between officers of the submarine flotilla and the Navy Department. 
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After the beginning of the recent war, but before the United States entered it, the 
General Board of the Navy under Admiral Dewey, charged with the duty of recommending 
to the Secretary the characteristics of ships, urged submarines of about 500 tons. Officers 

of the submarine service did not agree to this view but wanted larger craft of 800 tons. 

Now, however, the Navy Department favors the large type. At the time I wrote a paper 

for this Society favoring the smaller size. The reason for this change of view by the Navy 
Department is worth examining. German submarines were coming out to sea to operate west 

of the British Islands. They were entering the Mediterranean and making long voyages, and 

their performances were spectacular. Hence our submarine service was chiefly impressed by 

German performance and requirements and wanted the United States to adopt the large type. 

The Navy Department, however, looked to American requirements if we entered the war as 

allies of western Europe and realized that with bases always near at hand, long radius based 

on large size was not called for. Moderate size with handiness, although requiring frequent 
returns to port, would be preferable. We built such craft and used them with good results 

both on our own coast and abroad. 
But for general use now, without the certainty of allies, and separated by great oceans 

from all serious adversaries, such small, short-radius boats are no longer the best type, and the 

Navy Department has changed its plans to suit the requirements of any field of action. A 
large boat is utilizable near home and also overseas. 

The advantages of size are obvious in all classes of ships. We know that they in- 

crease faster than the displacement, and hence the constant tendency towards bigger and 
bigger ships. 

AVIATION. 

Aviation as a new arm deserves attention. It is spectacular and romantic and attracts 

popular regard on these grounds as well as on account of its inherent value. 

It is the most speedy means of locomotion known. Hence aircraft are specially indi- 

cated as suitable for reconnaissance and screening. Their speed makes them available as 

carriers for weapons of position such as the torpedo and bomb. Further, like the torpedo 

boat and other speed craft, the reply to seaplanes should take the form of counter attack 

by similar craft. It is unlike the submarine in this respect, whose slow speed causes it to 

rely on concealment for protection. To the submarine the hostile reply is by search and the 
use of a short-range water projectile—the depth bomb. 

The airplane has a disadvantage belonging to the submarine—it is ceaselessly strug- 

gling against gravity; but, on the other hand, it can sometimes find defense by concealment 
in the clouds. Yet its short radius and light weight prevent it at present from assuming 

a major role, unless and until it is unopposed by its like. 

COMBINATIONS OF DIFFERENT CLASSES OF WEAPONS. 

We have examined the reason for various types of ships, each specializing in weapons 

suitable to them. It lies in relative mobility. But each weapon’s method of attack calls for a 

correspondingly suitable method of defense. Where a single weapon of one type is opposed 

by a single weapon of another type it is desirable to develop the battle into a tactical form 

suitable to our weapon and unfavorable to the enemy’s weapon. Hence, if we can induce 

the enemy to accept a certain form of attack and then pass to another, he is at a disadvantage 

by the surprise. We supplement brute force by intelligence and skill—a most satisfactory 
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arrangement. Thus we saw, in the recent war on shore, artillery and infantry mutually aid- 

ing each other—the artillery making a position untenable and the infantry taking possession. 

At sea, the torpedo attack by the Germans at Jutland caused Admiral Jellicoe to yield his su- 

periority of artillery position. Thus every new weapon adds to the possible tactical combi- 
nations and enables skill to economize in bloodshed and money with greater expense to the 

enemy. But on the other hand, however a ship may specialize in any direction as to arma- 

ment, it has never seemed wise to arm any ship with one weapon only. 

Every new weapon involves new methods of attack, and it requires some time for the 

opposing force to find the appropriate way of defense. This delay raises hopes of the new 

weapon as a decisive one. But after a little the appropriate defense is found, and when it 

is thoroughly worked out the new weapon becomes less effective and remains as a tactical 

auxiliary only. 

The fast ships of “position” when fighting against heavier ones, clearly need the 

weapons of position—torpedoes, bombs—but against their equals, they need the weapon of 

endurance—the gun—for in the end it is grit and heavy pounding, physical courage and 

endurance that win in sea battles just as in prize fights. 

This combination of strength and endurance in attack is reached to the greatest extent 

in battleships, yet in them it has always been thought advisable to add other arms as 

auxiliary to the gun, rather perhaps as a defensive element, checking and cramping the ad- 

versary’s tactical style, than as an aggressive element. 

Thus, in battleships, an anti-aircraft battery will not protect against air attack, but 

it will weaken the vigor of the attack from the air and give time for support from friendly 

aircraft. The torpedo battery may frequently be used by battleships, but perhaps more 

often its potential influence upon the enemy will be of tactical value. 

CONCLUSION. 

Thus, in the last analysis of ship design, we see battleships, as the most potent em- 

bodiment of combatant strength, led, screened and informed by lighter and faster auxiliary 

surface craft—cruisers, torpedo boats. These are further supported by the ships using the 

third dimension of space, at the sacrifice of maneuvering safety, but gaining concealment 

and surprise in the case of the submarine, and speed and surprise in the case of the air 

craft. None of these auxiliaries can become dominant because they cannot remain in the 

field of battle when properly opposed. 

The tactical principle controlling the course of the battle is fairly well fixed, although 

variations in methods of execution will be almost infinite. The lighter speed ships will rec- 

onnoiter and screen till in touch with each other. Then they will fight each other as 

strength ships developing their greatest volume of fire. Next, the victorious speed ships 

will seek to assume a “position” advantage with regard to the main body of the enemy, 

using their speed weapons in aid of their own strength ships, and the decision will come by 

the endurance of the strength ships. 
When the great battle is done, the battleships may go home to await another call while 

the auxiliaries remain active to subdue hostile commerce and throttle the enemy’s economic 

life. These are the objectives which the naval seaman asks you to enable him to reach by 

suitable embodiment of tactical features in the three main types of ships, namely, 

“strength” ships and “speed” ships, and auxiliary ships movable in the third dimension. 
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DISCUSSION. 

THE PRESIDENT :—Gentlemen, you have heard the presentation of paper No. 1, by Rear 

Admiral Rodgers, entitled “The Tactical Relations between Different Classes of Men-of-War 
and Their Embodiment in Design.” This paper is now open for discussion. We have a 

contributed discussion which the Acting Secretary will read. 

Captain W. C. Warts, U. S. Navy (Communicated) :—It has been a great pleasure 

to me to read this excellent treatment of a difficult question, and I feel flattered to have been 

given an opportunity to comment on it. Naturally, I approach the subject with diffidence 

and preface my comment by expressing my full agreement with the various general princi- 
ples and conclusions of the author. My brief remarks are more in the nature of amplifying 
certain phases of the discussion and may seem unnecessary where perhaps only an enlarge- 
ment upon the author’s views. 

In considering the subject of “defensive strength” of ships, it seems that some mention 
should be made of the fact that in some types of vessels a part of the battery is essentially 

of a defensive character, though the act of using it is of course offensive and the degree of 
defense derived from it is in proportion to the vigor of its offense. For example, in a battle- 

ship the anti-aircraft battery is essentially for protective purposes, and to a less extent the 

same applies to the secondary battery, as is indicated by the term “torpedo defense battery” 

frequently applied to it. This point is brought out by the author in another part of the 
paper, immediately before the “conclusion,” but it is believed to be appropriate to emphasize 

the fact that these batteries would hardly be installed on a capital ship if the possible menace 

from such craft as destroyers, submarines, torpedo planes and offensive aircraft did not exist. 

Battleships are essentially “strength’’ ships, to use the author’s apt expression, and the sacri- 

fice of weight to a battery designed to stand off an enemy that the battleship, in fulfillment 

of its mission, would not seek, is as truly a concession to the requirements of protection as is 
the weight of armor. Thus, in considering the whole question, it might clarify the situation 

if we recognize that guns, from the viewpoint of the discussion in this paper, may be of offen- 

sive or defensive character, although naturally the latter are freely used to assist the for- 

mer, when in special circumstances this is possible and when the necessity of their employ- 
ment for their primary mission is not present. 

The torpedo is spoken of by the author as an offensive “weapon of position,” emi- 

nently adapted for fast ships. This is borne out by its inclusion in the armament of most 

vessels of this type in all navies, where it becomes in some instances the primary weapon 
of offense. When carried by battleships, however, the controlling principle is not so clear 

as to the purpose for which installed, whether offensive or defensive. In fact, it must be 

regarded as partaking of both these characteristics for employment in certain special cir- 

cumstances, and is therefore in the nature of a compromise in this respect. To include tor- 

pedoes in the armament of a battleship has involved submerged tubes and the necessarily very 
large torpedo rooms that constitute a striking exception to the system of subdivision else- 

where insisted upon in the structure of the ship. This is, of course, a weakness and a lessen- 

ing of the protective properties of the ship, which, to be justified, must be more than offset 

by the advantages, as either an offensive or defensive weapon, of the torpedo itself. This 

is an example of how sacrifices must invariably be made to include additional weapons, and 
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when these weapons are of an auxiliary character it becomes of great importance to weigh 

carefully how far a sacrifice of any vital characteristics should be tolerated. 

The battleship is the purest type of naval vessel, and the principles of the embodiment in 

its design of its tactical relations to other classes are more simple than in other cases. As 

the possible missions of ships increase, more and more weapons suggest themselves as desir- 

able, with resultant complications in determining upon the design. The author has spoken 

of the gun, the torpedo and the bomb, and in addition the mine and the depth charge must 

also be considered, for in some types these weapons are a most important, if not primary, 

feature of the armament and exercise their natural influence upon design. 

Tue Present :—TIs there any other discussion I think that this paper presents, in 

most admirable form, tactical considerations involved in warship design. It is the sort of 

paper that is not likely to provoke impromptu discussion. It is quite possible, however, that 

there may be those who desire to submit written comment later on. If such should be the 

case, I take it for granted that the Society will follow its usual custom in permitting such 

discussion to be passed upon by the Executive Committee and incorporated in the proceedings. 

REAR ApmirAL W. A. Morret, U. S. Navy (Communicated) :—The paper prepared 

by Admiral W. L. Rodgers is one of the best of its kind that I have ever read. It presents 

the situation concisely, it states clearly the essential factors entering into sea power, and in 

such a way that no one can fail to understand. 

The present position and possibilities of aviation are well stated, although it is probable 
that even the admiral does not appreciate its far-reaching possibilities and effects. Specific 

mention is not made of the design of aircraft carriers, which may be so designed as to make 

them fully as formidable as battle cruisers and battleships. 
It is believed that the time will come when the battleship and carrier will be merged 

into one, and the battleship of the near future may be a ship carrying a few of the largest 

practicable caliber guns with a great many planes of all types. 

It would be a great advantage to the country if this paper could be given the widest cir- 

culation possible. 

Rear ADMIRAL RopGERs (Communicated) :—This paper was written with a view to 

suggesting to engineers that the fundamental engineering principles of force and time oper- 

ating against resistance to produce useful work are also involved in the fundamental prin- 

ciples of military and naval tactics where the work done is that of destruction. 
The destructive forces of warfare, like all other forces, need time for them to do a given 

amount of work. But the destructive forces can be destroyed only by counter-destructive 
forces. The passive elements of defense (or resistance) serve only to secure time for the 

attacking forces to do an appreciable amount of work. Passive defense alone may some- 
times deny victory to the enemy, but even this half success is possible only when the defense 

secures more time than the enemy has available for the accomplishment of his task. Pas- 

sive defense never secures complete victory. 

Thus in ship design we classify our ships into two main classes, the “‘strength” ships 

combining force to overcome the enemy with protection to secure time to exert that force, and 
“speed” ships whose attack is comparatively light in force, but either so quickly delivered or 

from so favorable a point that the enemy lacks time to develop his resistance and so to 

absorb the attack. 
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The submarine, relying on concealment to deliver its sudden attack is tactically akin to 

fast-moving surface craft and air craft in that suddenness of approach and attack in them 

all deprives the enemy of the time he needs to establish his defense and counter-attack. 

THE PRESIDENT :—It remains for the Chair to express, on behalf of the Society, its very 
great appreciation of the time and trouble taken by Admiral Rodgers in preparing this 

paper. 
The next paper, No. 2, is by Mr. Mason S. Chace, a life member of the Society. It is 

entitled “Development of the Three-Plane Navy, with or without Battleships.” We will 

ask Mr. Chace to read an abstract of his paper. 

Mr. Chace presented the paper. 





DEVELOPMENT OF THE THREE-PLANE NAVY, WITH OR WITHOUT 
BATTLESHIPS. 

By Mason S. CuHace, Esg., Lire MremBEr. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

During the World War, following predictions made by those best informed as to mili- 
tary and naval matters, many means of attack and defense were used and developed, both 
for fighting on land and at sea; also, there were other important developments in means and 
methods of fighting which were unforeseen, unpredicted and even not to be expected, judg- 
ing by the experiences of previous wars. 

The difficulties and liabilities of error in making predictions as to what shall be the 
most efficient methods of attack and defense to be used in the next war are as great, or 
greater, than they have ever been, owing to the number of new arms and methods produced 
during the World War. The next war may take place under conditions so different that pre- 
dictions based on experiences of this last war will be seriously in error. 

Today, probably the most important questions which can be asked as to the future devel- 
opment of naval means of offense and defense are: Has the present type of battleship sur- 
vived the test, and does it remain as before, the backbone of navies, with all other types of 
fighting ships composing a naval offensive and defensive force existing only as essential 
aids or auxiliaries to battleship operations, but with the battleship supreme as the most power- 
ful sea fighter yet devised by man and still indomitable? Does the development of means 
of attack from the air jeopardize the existence of the battleship in such a new way that this 
additional menace cannot be overcome? Can the battleship be so modified that its powers 
of resistance, combined with those of the various types of auxiliaries, including additional 
ones, permit it to remain supreme and to decide the question of naval victory or defeat? In 

other words, in the new three-plane navies, with means of fighting in the air and attacking 

ships from above, which three-plane navies will certainly be rapidly developed by all the 
great powers, will the battleship be able to maintain its supreme position or must it be aban- 
doned as obsolete; and, if abandoned, what new type of fighting machine will replace it? 

It would seem to be most important to discuss now, without delay, and to answer these 

difficult questions and then to shape our naval policy and program of construction to meet 

not only the situation of today but what is to be expected years hence. I believe that such 

investigation and discussion as has already taken place in connection with bombing tests of 

surrendered German ships both in this country and in Europe is only preliminary to much 

more important investigations and discussions which will have to follow before all the facts 
and elements in the situation can be correctly presented and analyzed and before the lines of 

development to be followed can be decided upon. Complete and expensive tests made on the 

latest and most powerful new ships would be cheap in actual cost, in comparison with the final 
cost, which might be the result of being satisfied with what we have, or of watchfully wait- 

ing for somebody else to do something, or the attitude that we should jump into something 

quite new without full investigation. The results of tests made on old units are open to the 
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serious question as to how different the results would have been had improved units been 

subjected to the tests. It is difficult to sufficiently well assume and adopt in tests the con- 

ditions of real warfare, and consequently to have the results of peace-time tests accepted as 

applicable under war fighting conditions, especially if these tests are made on obsolete units. 

I believe that the opposition of ultra-conservatism to seriously consider the possibilities 

and probabilities of aerial fighting as may affect naval developments of the near future is 

strong, because it is difficult to boldly face new developments which mean radical changes 

and the acceptance of the responsibility accompanying a revolution in point of view, as well 

as in means and methods to be employed. We know that it was many years after the intro- 

duction of steam propulsion before the necessity of completely abandoning sail for fighting 

ships was realized, and that the importance of the evolution to follow the introduction of 

iron as a material of construction for ships to replace wood was not quickly accepted. 

A radical change, such as a decision to immediately abandon battleship construction, 

would seriously affect enormous vested interests and would bring forth the strong opposi- 
tion of a great industry fighting for its existence. Many advocate the immediate adoption 

of air forces to replace the battleship and maintain that aerial means of attack and defense 

will be at the same time more effective and much less costly than building and keeping up 

battleships. Evidently, the burden of proof will rest heavily on those who advocate taking 

steps which may lead to abandoning battleship construction. It cannot be imagined that an 
investigation and discussion of such a question will be confined to getting at the facts unless 

special group interests and politics are omitted. 
I will briefly summarize the naval experiences of the World War, as many of them have 

a bearing on the possibilities and probabilities of future developments. 
The unrestricted submarine warfare launched by Germany, which included the sinking 

without warning of passenger vessels and hospital ships, as well as freighters, was for many 

reasons a great surprise to the allied powers, and it took considerable time before methods 

and means of successfully combating this kind of warfare were developed and effectively 

applied. So destructive of merchant tonnage was this use of the submarine that Germany 
was nearly successful in destroying sufficient tonnage to stop supplies from going to England 

and in that way probably to win the war. This destruction reached a maximum rate of about 

875,000 tons per month in April, 1917. 

These results are recorded to have been accomplished with a comparatively small num- 

ber of the U type of submarines of from 750 to 950 tons submerged displacement, 11 knots 

or more surface speed, 6 to 8 knots submerged speed, carrying eight to twelve torpedoes, 

capable of keeping at sea three or four weeks and with a cruising radius of about 5,000 to 

6,000 miles. The last and largest boats of the U type built are reported to have a surface 

displacement of 900 tons, with a submerged displacement of 1,300 tons and to be of greater 

speed and increased radius of action. The records of submarine boats operating to sink mer- 

chant vessels in the best merchant vessel hunting grounds on the approaches from the west, 

to the Irish, English and French coasts would show that a daily average of eight to ten, 
and always less than twenty, of the U type of submarines accomplished these sinkings; 

also, that it was necessary for Germany to possess, in commission, either being overhauled 

and prepared for a cruise or going back and forth between the home bases and the hunting 

grounds, at least ten submarines for every one submarine which was engaged in making 

sinkings. 
War records, and records obtained since the termination of the war, indicate that at no 

time, in all fields of operation, did Germany have at sea, on any day, more than thirty sub- 
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marines. In 1914 the German navy possessed in commission less than thirty submarines, 

with ten more being completed. Germany built and put into commission during hostilities 

about 300 submarines, and at the termination of hostilities had about 100 more under con- 

struction. About 200 German submarines were sunk by the Allies. Taking into considera- 

tion the time elapsed before the successful operation of effective means of stopping the tre- 

mendous losses from submarine sinkings, it is evident that had Germany, in the beginning, 

possessed four or five times as many submarines she would have had sufficient to have been 

successful in her aims. 

Even Germany did not realize how effectively submarines could be used in destroying 

merchant shipping, for before the outbreak of hostilities she did not plan and prepare for 

the unrestricted submarine warfare subsequently undertaken. That campaign was an out- 

growth of the helplessness of the German fleet in the face of the British fleet, and was 

launched as a last resort rather than as a campaign that had been planned. Germany had 

been notably slow in taking up the construction of submarines in the years previous to the 

war, during the period when other nations were experimenting with and building them. The 

first German submarine built was finished in 1907, a vessel with a submerged displacement 

of about 240 tons. In 1911 Germany commenced to build boats with a surface displace- 

ment of 550 tons, submerged displacement 750 tons, with 14 knots surface speed and 8 knots 

submerged speed. The last vessels built before the war had a surface displacement of 700 

tons, submerged displacement 950 tons, with designed surface speed of 16 knots and sub- 

merged speed of 8 knots. 

After the commencement of the war Germany continued to incease the size, the de- 

signed speeds and the radius of action as different series of the U type were constructed. 

Surface displacement increased from 750 to 800 and then to 900 tons, with the correspond- 

ing submerged displacements of 1,000, 1,150 and 1,300 tons. Designed surface speeds were 

increased from 16 knots to 17.5 knots, with an increase in submerged speeds from 8 knots 

to more than 10 knots. The radius of action, on the surface, was increased from 5,000 to 

8,000 miles up to 10,000 miles. The number of torpedo tubes remained about the same, 

being from four to six 20-inch tubes. In the last boats the number of torpedoes carried 

was increased from twelve to sixteen. 

While the first small U type of submarine was armed with a 50 millimeter or 2-inch gun, 

the caliber and number of guns carried were increased with the increase in the size of the 

submarines. The next size of gun supplied was the 88-mm. gun of 30 calibers in length, 

followed by guns of 105 mm. or 4 inches, of 40, also of 45 calibers in length. Then came 

the 105-mm. or 6-inch guns, of 50 calibers in length, mounted on submarine cruisers which 

were larger vessels than the ordinary U type of submarine. 
The German submarines comprised three types: The U type, different series of which 

have been described above, and which includes the larger submarine cruisers yet to be de- 

scribed; the UB type which was smaller than the U type, of smaller radius of action, de- 

signed to be built in sections to facilitate transportation on land, and intended to be economi- 
cally built in large numbers; and the UC type of mine-laying submarines. Although the 

first series of the UB type, consisting of seventeen, had a surface displacement of only 127 

tons, the second series of thirty had a surface displacement of 260 tons, and the third series 

of seventeen boats had a surface displacement of 500 tons, which shows that the displace- 

ment of the UB type of submarine was progressively increased until the last of this type built 

had become as large as were the vessels of the prewar U type. 
The first fifteen of the UC type of mine-laying submarines were small boats, built in 
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sections to facilitate land transportation, of 180 tons surface displacement, less than 2,000 

miles cruising radius, and carried twelve mines. The next series of the UC type had a sur- 
face displacement of about 430 tons, 6,000 miles cruising radius and carried eighteen mines. 

The UC type continued to increase in size until the last boats had attained a surface dis- 

placement of 600 tons and carried twenty-five mines. It may be mentioned that some of 

the UC type of submarines were provided with three 20-inch torpedo tubes, that about ten 

boats of the U type were mine layers, also that all German submarines carried rapid-fire 

guns and that the boats of the UB and UC types were armed with either one 88-mm. or 

one 105-mm. gun. 

I will terminate this summary of the German types of submarines with a brief descrip- 

tion of the largest of the cruising type of the U boats, the first series of seven of which were 

transformed into so-called freight-carrying or merchant submarines, one of which, the 

Deutschland, visited the United States in 1916. These boats were not all alike, as changes 

were made while under construction and while being transformed from freight carriers to 

armed submarines. These first seven cruising submarines were about 230 feet long, with a 

surface displacement of 1,750 tons, a submerged displacement of over 2,000 tons, with 11 

to 12 knots surface speed, and 7 to 8 knots submerged speed. They were armed with two 

150-mm. and two 88-mm. guns and several rapid-fire guns; they had also six torpedo tubes 

and carried about twenty torpedoes. They had a capacity of 250 tons of oil fuel, sufficient 

to permit them to cruise for four or five months. The Germans recognized that the speed 

of this first series of cruiser submarines was insufficient to permit these vessels to overhaul 

merchantmen. 

The second series of cruiser submarines was composed of boats of increased dimensions, 

with a length of about 350 feet, a surface displacement of about 3,000 tons, a designed sur- 

face speed of 16 to 17 knots, and 8 to 9 knots submerged speed. The construction of these 

vessels was commenced late in the war, and this last series of twelve cruiser submarines was 

not ready for service until 1918. They were heavily built, so heavily that they may be con- 

sidered as being lightly armored. I will not go into the question of the equipment of peri- 

scopes, wireless installations, etc., of the different types of submarines, except to say that 

all German submarines were provided with excellent material of the kind and which was 

being constantly improved; also that range finders, listening devices, etc., were generally 

provided. 
The Allies succeeded in organizing a successful anti-submarine campaign and in pre- 

venting Germany from winning the war through the unforeseen, unrestricted submarine cam- 

paign. Means were found and adopted by the Allies which made the sinking with subma- 

rines of merchant vessels not only unprofitable but also an occupation which although in the 

beginning was considered by the German sailor as a safe one and probably as agreeable, 

later on as one that had become extremely dangerous and was to be avoided rather than 

sought. As the anti-submarine campaign progressed, the nerve and morale of the crews of 

the submarines were wrecked to a point of first causing a serious loss of efficiency and 

finally mutiny. 

To overcome the menace of defeat from the destruction accomplished by the compara- 

tively few German submarines engaged each day in sinking merchant vessels, the total num- 

ber in commission at any time being only about 150, it was necessary for the Allies to make 

use of from 4,000 to 5,000 vessels, large and small, operating to find and destroy these Ger- 

man submarines, to destroy mines laid by German submarines, and to protect ships against 

their attacks. The vessels of the allied navies engaged in this work included 500 destroyers, 
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3,000 auxiliary patrol vessels, such as trawlers and yachts; about 100 allied submarines; 400 

subchasers ; about 30 “mystery ships” or decoy ships, these being armed merchantmen manned 

by naval crews and so disguised that they could not be distinguished from the unarmed 

merchantmen; numbers of mine layers; also many mine sweepers used to destroy the numer- 

ous mines which were constantly being laid by German submarines. To the above list of 

vessels might be added other large naval vessels which escorted convoys across the ocean 

until these convoys were met by the destroyers which accompanied them during the last part 

of their voyage, except for the fact that these large naval vessels should be considered rather 

as serving to protect against possible attacks of German surface raiders than as vessels 

which could protect against German submarines. 

Some of the work of going to sea and escorting ships to port was carried out by airships 

and seaplanes, operating either alone or with destroyers. Aircraft must be included in the 
forces which combined to defeat the German submarine campaign. Aircraft were exten- 

sively used in patrolling to locate or spot submarines which were perhaps subsequently de- 

stroyed through information obtained by the aircraft; aircraft also successfully bombed sub- 

marines, made bombing raids on submarine bases, etc. 

Of all of the vessels and means used against German submarines the destroyers using 

depth bombs and gunfire accomplished the greatest number of sinkings. The allied submarines 

operating against German submarines sank more of the latter, in proportion to their number so 

engaged, than did any other anti-submarine craft. The depth bomb was one of the most im- 

portant factors in fighting submarines, from actual sinkings and from the demoralizing effect 

of the explosion of such bombs in the vicinity of submarines which were not destroyed by 

them. The use made of allied submarines and “‘mystery ships” in this anti-submarine war- 

fare had a demoralizing effect which was probably more important than the number of sink- 

ings made by these two types of vessels. Local mine fields and various forms of nets, either 

moored or towed, accomplished some of the sinkings; also, the very extensive North Sea 

mine barrage between the coast of Norway and the Orkney Islands resulted in some sink- 

ings of submarines, but its demoralizing effect was perhaps of greater importance than these 

sinkings. This mine barrage, with a length of about 250 miles and a width of from 15 to 

35 miles, contained about 70,000 mines when work on it was stopped by the armistice. 

Had the war continued, this barrage would probably have contained several times as many 

mines. Its construction was made possible by the invention of a mine which could be placed 

at different depths and was exploded by a vessel striking a copper cable supported above the 

mine by a buoy near the surface. One of these mines did the work of four mines of the 

old type which were exploded only by contact. 
Among the important devices used to detect the presence of submarines and to locate 

them were the radio-direction finder, used to determine the direction from which wireless 

messages sent by submarines were coming, and the improved microphones, or under-water 

listening devices, which made it possible to detect the presence of submarines and to follow 

their movements by sound. The microphones were made good use of by the small sub- 

chasers operating principally in restricted waters. These vessels were armed with 3- 

inch guns and depth bombs. They did excellent work within the limits imposed on them 

by their comparatively small dimensions. Their work did much to keep submarines away 

from the waters patrolled by them and to prevent the submarines from making sinkings 

and from laying mines. 
Lastly, but of great importance in this anti-submarine warfare, I must add the use 
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of the convoy system to this list of the means adopted to combat the German submarine and 

to reduce the sinkings of merchant vessels. This system was started experimentally in May, 
1917, and was in complete operation three to four months later. Its adoption was made pos- 

sible by the addition of American naval vessels, particularly destroyers, to the naval forces 

of the Allies. The convoy system permitted the successful transportation of supplies and 

troops from the United States to Europe; it was also a direct attack against German sub- 

marines inasmuch as it forced them to attack merchant vessels in the presence of protecting 

destroyers or other craft, and consequently to run the risk of a fight and of being sunk 

themselves. By use of the convoy system and information as to the whereabouts of the Ger- 
man submarines at sea, it was often possible to route convoys around these submarines in 

safety. Comparatively few vessels, when in convoy, were sunk by submarines. 

In the preceding paragraphs are listed, as briefly as possible, the vessels and means 

employed against the German submarines and which were finally successful in the anti-sub- 

marine campaign. It is evident that the German unrestricted submarine warfare was diffi- 

cult and expensive to combat. It required much time to develop and to put into operation 

means of defeating this method of attack. In spite of the fact that the British Grand Fleet, 

to which, in the latter part of the war, were added some American naval vessels, held the con- 

trol of the surface of the sea by keeping German surface naval vessels in German harbors, 

the control of the waters under the surface of the sea was but slowly taken away from 

the German submarines. 

The different uses made of the submarine by the Germans and by the Allies in this war 

demonstrated that it has many uses which previously had not been considered possible. It 

was found that submarines could remain at sea for long periods, on extended cruises of 

thousands of miles, without the assistance of mother ships or tenders; that submarines could 

fight with torpedoes against other submarines; that a submarine armed with 4 or 6-inch 

guns, especially under favorable conditions of light, could shell surface vessels with little 

danger to itself owing to the small target it presented, combined with the fact that, while 

the surface vessels were easily seen by the submarine, the low-lying submarine was practi- 

cally invisible to the surface vessels. The submarine can do effective patrolling or scouting 

in the immediate vicinity of the ports of the enemy, while submerged, which no other type 

of craft can do. 
The extensive and effective use of submarine mine layers at long distances from their 

bases was quite unexpected. Submarines made long submerged runs, through mine fields 

and other obstructions, which previous to this war had been considered impossible. For 

example, we may refer to work of this kind done by British submarines in the Dardanelles 

as well as to that done by German submarines. The use by the latter of artillery of increas- 

ing caliber up to 6 inches and the adoption of 12-inch guns in the case of British submarines 

are developments of the World War. 
The torpedo equipment of submarines today is far behind its possibilities of develop- 

ment. The torpedoes supplied to submarines are of shorter range than those supplied to sur- 

face vessels, in consequence of the incorrect assumption that submarines will always fight at 

short range. Large submarines can and should be provided with especially large, long-range 

torpedoes carrying explosive charges up to 1,000 pounds or more and thereby increase 

their power of attack, particularly against large naval vessels, even when escorted by a pro- 

tecting screen of small, fast vessels. Although the great advantage of transverse torpedo 

tubes in facilitating attacks, as compared with bow tubes in combination with the practi- 
cally useless stern tubes, is generally realized, yet little has been done to develop the trans- 
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verse torpedo tube for large submarines. Although the submarine has been in existence many 
years, the World War demonstrated that the navies of the world had failed to recognize 
its possibilities. 

We must recognize the defects of the submarine as follows: The two separate sys- 
tems of propulsion, one for surface running and the other for submerged running, combined 

with the heavy hull necessary to give strength for submergence, result in producing a ves- 

sel which is of low surface speed for its length and displacement and of low speed and 

small radius of action when submerged. Increases in surface speed and in radius of action, 

on the surface, demand considerable increase in displacement. Large sized submarines re- 

quire great depth of water for maneuvering and are also much more difficult to handle than 

smal] submarines. Owing to their comparatively small reserve buoyancy and the danger of 

damage to the watertight hull, submarines cannot safely receive much punishment from 
artillery fire. 

Conditions of stability and weight considerations make it impossible to armor small 

submarines, except to give them an armored conning tower. The largest submarines yet 

constructed are only lightly armored. Some protection can be obtained by the use of trans- 

verse watertight bulkheads in vessels of medium and of large size. Owing to low sub- 
merged speed, the generally poor arrangement of torpedo tubes and the equipment of short- 

fange torpedoes, the submarine is a poor torpedo boat compared with surface vessels such 

as the destroyers, except for the fact that a submerged submarine is invisible. Consequently, 

speed and zigzagging on the part of the surface vessel are among the best defenses against 

being torpedoed by a submarine. The air bubble wake of the torpedo fired by a submarine 
shows the direction of the submarine to its enemies. It is now expected that inventors will 

eliminate this tell-tale wake. 

I believe that the experiences of the war will lead to the construction of many mine- 
laying submarines and large submarines of both the commerce-destroying or raider type 

and of the “fleet” type. It may be found in developing these two types that they can be 

merged into one. Submarines of these two types must have a high surface speed of 23 to 

25 knots and a large cruising radius when on the surface, in order to be able to do the 

work of commerce destroyers or to keep up with large naval vessels at sea. 

I will not take up the question of any other characteristics except that of displacement. 

I believe that the displacement of vessels of these two types will not much exceed 5,000 tons 

as a maximum. The experiences of the war would not justify an attempt to build either 

extremely large submarine armored cruisers or submarine battleships, both of which types 
have been proposed by enthusiasts. 

The extensive use made of mines, particularly in restricted waters, was to be expected. 

The use of mine-laying submarines was something new and which will now be further 

developed. 

Torpedoes and mines sank and damaged many naval vessels, although the German sub- 
marine torpedoing operations were principally directed against merchantmen. The Germans 

made few attempts to torpedo large naval vessels when those vessels were screened by de- 

stroyers. Such attempts were unsuccessful. In the beginning of the war Germany did not 
avail herself of opportunities to use submarines to torpedo ships of the British Grand 

Fleet when means of protecting that fleet were yet undeveloped. In all fields of operation, 

about forty large naval vessels of the older types, built five to ten years before the war, were 

sunk by torpedoes and mines. This number includes cruisers, armored cruisers, and predread- 
naught battleships. In most of these sinkings the ship was sunk by the explosion of a 
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single mine or torpedo. In many instances these ships lost stability and capsized before sink- 

ing. The damage inflicted by mines and torpedoes to naval vessels during the war was of 

' such importance that it was found necessary to improve the protection against torpedoes 

and mines of even the latest of the new ships still under construction. 

The destruction wrought by torpedoes and mines emphasized the value of a good mar- 

gin of initial stability, the importance of transverse watertight subdivision and the necessity 

of increasing lateral protection. This lateral protection includes the use of several longitu- 

dinal bulkheads, in proximity to the outer shell, and of exterior “blisters” or “bulges.” In- 

creased initial stability and increased lateral protection call for increased beam. The beam 

of the largest superdreadnaughts which have been built, or are now to be built, can be but 

little increased unless the width of dry-dock gates is increased. The last of the superdread- 

naught battleships designed for the United States Navy have a beam of about 105 feet, and 

the width of the locks of the Panama Canal is only 110 feet. The war has shown the im- 

portance of the influence of the increasing menace of the torpedo and mine on the design 

of naval vessels. 

The Battle of Jutland shows the advantage which ships with guns of the largest cali- 

ber and longest range have in fleet action over ships provided with smaller guns of less 

range, also the advantage of a high angle of elevation of gunfire over smaller angles of ele- 

vation. Increasing the angle of elevation increases both the range and the destructive effect 

of plunging fire. Exactly what happened in the case of the destruction and sinking of three 

British battle cruisers of recent design is not known, but it is supposed to have been from 

the effects of gunfire. The battle cruisers were called upon to receive more punishment from 

artillery fire than they could withstand. In fact, in this sea fight the battle cruisers of both 

sides bore more of the brunt of the fighting than did the battleships. The part played by 

the battle cruisers is considered as fully justifying their existence as an essential part of a 

fleet of capital ships, also as having proved the value of high speed in such vessels. The 

latest superdreadnaught battleships, British and German, showed their ability to withstand 

much punishment from artillery fire and still continue to fight. The predreadnaught type 

of ships was found to be too vulnerable to be of use when fighting with ships of recent 

design. 

Previous to and during the Battle of Jutland the Germans attempted to use dirigibles, 

principally for scouting, to locate the British fleet. The British seaplane carrier was not 

with the fleet during the battle, but one British seaplane was called upon to scout and locate 

the ships of the enemy during the battle. Owing to low hanging clouds, fog and mist, the 

German dirigibles were unable to locate the British ships or to keep in contact with them. 

The British seaplane, under similar conditions, found it impossible to do the work assigned 

to it. Low hanging clouds forced it to fly so low that it came under the fire not only of the 

German anti-aircraft guns but also of other guns of the German ships. These experiences 

are cited by those who claim that we must not expect that forces of the air will become an 

important part of navies, as experiences which conclusively demonstrate the unreliability 

of air forces under atmospheric conditions frequently lasting for days at sea. It is ad- 

vanced by them, that, while under such conditions the surface fleets can fight and decide 
the question of naval supremacy, meanwhile the air forces must be inactive and useless. 

I do not consider that the attempts to utilize air forces in this battle were made on a 

large enough scale to make it possible to draw such general conclusions. Certainly there 

will be atmospheric conditions affecting visibility which will seriously handicap or prevent 

the operations of both surface craft and aircraft. Other atmospheric conditions will favor 
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one or the other. There are conditions of low-lying fog which give aircraft advantages over 
surface vessels. In night fighting the advantages would seem to be more often with the air- 
craft than with the surface vessels. 

Aviation stands today as a new, powerful arm of offense and defense which can only 
be made dependable through development and use. 

During the war much more attention was given to the development of aircraft with the 
forces fighting on land than with those fighting at sea. It was only through constant com- 
petitive use that the utility of different kinds of aircraft became recognized. Improvements 

were made in the machines, their armament, and the methods of using them. It was learned 
that the only real defense against aircraft is other aircraft. Anti-aircraft batteries were use- 
ful at times, but very inefficient. The records show that the most efficient of such batteries 

made one hit out of 1,000 shots fired. As the speeds of aircraft increased, the probabilities 

of hitting them with anti-aircraft guns diminished. Anti-aircraft guns, firing from the deck 

of a moving and rolling ship, will be less efficient than similar batteries installed on shore. 
Bombing from the air was first done by small machines which could carry only small 

bombs. Finally, large bombing machines, capable of making long flights with bombs of 

several thousand pounds, were developed. It was realized that the big bombing planes were 

comparable to long-range guns. The bombs carried have a capacity of explosive, of poison- 

ous or other gas, many times the capacity of the explosive shells of the largest guns built. 

The range of the bomb-carrying aircraft is today 150 to 200 miles. The flight to the ob- 

jective and return can be made at a speed of more than 100 miles an hour. 

The navies of the world are now face to face with the necessity of developing aerial 

means of offense and defense. There would seem to be nothing which the surface fleet can 

do to defend itself against the attacks of air forces except to use other air forces. Prelimi- 

nary to a naval battle between surface fleets, we can expect that a battle between the fight- 
ing air forces of these fleets will take place. It remains to develop for naval use the several 
different kinds of aircraft suited for different purposes such as fighting, scouting, bombing, 

launching aerial torpedoes, distributing gas, etc.; also, the necessary ships to house, repair 

and transport this fleet of the air. Perhaps some of the aircraft will be transported by 
other aircraft. 

The report of the Joint Army and Navy Board, which report has been approved by the 

Secretary of War and the Secretary of the Navy, gives us interesting information, although 

we may not agree with the conclusions of this board. The most striking among these con- 
clusions, and the only ones which I will present here, are to the effect that aircraft carrying 

high-explosive bombs can sink, or seriously damage, any naval vessel at present constructed, 

provided such projectiles can be placed in the water alongside the vessel; that it will be 

difficult, if not impossible, to build any type of vessel of sufficient strength to withstand the 

destructive force that can be obtained with the largest bombs that aeroplanes may be able 

to carry from shore bases or sheltered harbors; that aeroplane carriers will probable be able 
to transport planes with these heavy bombs in the future; also that the aeroplane carrier 
will require the support of the battleship, the battleship remaining the backbone of the fleet. 

It would seem to me that, when we have acquired and developed the use of air forces 

which can be depended upon to deliver attacks so destructive that battleships can be sunk, 

these forces of the air will have become supreme over those on the surface of the sea. Ap- 

parently we have a weapon which will make the battleship an auxiliary of the aeroplane 
carrier. I believe that the supreme position of the battleship is more threatened today than 

it has ever been, if that position is not already lost. On the supposition that a small number 
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of the largest bombs carried by aeroplanes can destroy a battleship, we may conclude that, 

in the naval battles of the future, victory will go to the forces which control the air. 

The aeroplane carrier ships which transport the scouting, fighting and bombing planes 

will become the ships from which the naval engagements of the future will be carried on and 

directed. It remains to further develop the submarine, which in the World War surprised us 

by its work and development. The surface forces can be but little developed, and the greatest 

possibilities and probabilities of development are in the air forces, which air forces are to 

become of supreme importance. 

DISCUSSION. 

THE PRESIDENT :—The paper presented by Mr. Mason S. Chace is now before you for 

discussion. I understood that there were several gentlemen who wished to make comment 

on this paper. If no one present desires to discuss the paper at this time we will proceed 

to the next paper. 

CoMMANDER STEVENSON Taytor, U. S.N. R., Past President:—It seems to me only 

fair that notice should be taken of the fact that if the meeting had been held a week earlier 

there might have been much comment and discussion on these two papers. The subject of 

naval disarmament having been taken up by a much greater conference than ours, there is 

not much opportunity for this body to interject its opinions into the world’s field. 

THE PRESIDENT :—The sentiments just expressed by Commander Taylor are undoubt- 

edly shared by everyone present. The desire to keep entirely out of a field of discussion 

which might be, even in the slightest degree, detrimental to the best development of the delib- 

erations now in progress in Washington is very much upon the mind of everyone. That, 

undoubtedly, accounts for the lack of desire to project oneself unnecessarily into such a field 

at the present time. I think it well, however, that the remarks of Commander Taylor be pub- 

lished in our Proceedings so that the status of this Society with respect to the vastly impor- 

tant matters now in progress should be clearly understood. 

I am sure that the members are desirous of expressing their thanks to Mr. Chace for 

bringing his admirable paper before us. The thanks of the Society are therefore extended to 

him. 
The next paper on our program, No. 3, is by Mr. W. A. Dobson, Vice-President of the 

Society. It is entitled ““American Classification of American Vessels.” In the unavoidable 
absence of the author, the paper will be read in abstract by Professor Herbert P. Sadler. 

Professor Sadler presented the paper in abstract. 



AMERICAN CLASSIFICATION OF AMERICAN VESSELS. 

By W. A. Dosson, Esg., VicE-PRESIDENT. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

CLASSIFICATION OF VESSELS A NATIONAL ASSET. 

Classification of vessels built for the merchant marine is fundamentally a matter of 

national importance. This view is justified by the fact that the certificate of class issued by 

a registration society is a guarantee that the vessel so classed is properly constructed. Such 

a certificate assures the owner and the insurance underwriter that the strength of the vessel 
is unquestionable and that its character of construction is in accordance with the standards 
of the classification society. The enormous risk, therefore, incidental to an inferior construc- 

tion is eliminated, and only the hazards common to sea service remain to be considered. 

The result, therefore, of building to the rules and survey of a classification society, in so 

far as providing for and obtaining a proper construction goes, is the assurance that the lives 

of those who travel by sea, in vessels so constructed, and the vessels themselves with their 

cargoes are to that extent safeguarded. Life and property, so safeguarded, become a part 
of the nation’s assets. 

OBJECT. 

The purpose of any society for the registration of vessels is to classify them in accord- 

ance with their strength and seaworthiness, with proper regard, on the one hand, for the 

safety of life and property, and, on the other, to obtain the necessary strength and seagoing 

qualities without impairing the earning power of the vessel by carrying around for its life- 

time an unnecessary weight of structure that reduces the cargo-carrying capacity. It would, 

then, appear that, among other responsibilities, a moral obligation rests upon the classification 

society, as representing the owners, to use every endeavor to prevent the incorporation of 

unnecessary weight, thereby assuring a vessel of the maximum earning capacity combined 

with satisfactory strength. From the time of Noah to within the last two centuries, vessels 

were constructed either by inspiration or from experience gained by a long series of obser- 

vations on vessels built from prototypes, whose characteristics, good and bad, were carefully 

noted and incorporated or eliminated, as the case might be, in following designs. 

STUDY OF STRESSES ON FLOATING STRUCTURES. 

With the introduction of iron as a building material, it became practicable to consider 

the hull proper as a girder and to closely approximate the stresses brought upon a vessel 

floating in a highly disturbed medium. The art of arranging the scantlings for safely meet- 

ing such stresses became the study of naval architects of all nations, and, while new combi- 

nations are constantly being developed, the general principles involved are well known and 

carefully considered in any standard arrangement of scantlings. As a result of such inves- 

tigations, combined with many years of sea experience, tables or rules have been prepared by 
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the classification societies which insure that vessels built in accordance therewith will have 

the required strength to successfully meet the varying conditions of ocean traffic. It is to 

be noted that such rules are not on a purely academic basis but are the result of mathemati- 

cal investigation applied to sea experience with all types of construction, wherein stresses 

are kept within well-defined limits. 

MERCHANT MARINE ACT. 

The salient features of such rules were well known to the framers of the Merchant Ma- 

rine Act of 1920, which, having been signed by the President of the United States, is now 

a law. 
This act provides for the classification of vessels, other than military, owned by the 

United States, and for such other purposes in connection therewith as are the proper func- 

tions of a classification bureau. The act directs that all departments, boards, bureaus and 

commissions of the Government recognize the American Bureau of Shipping as their agency, 

so long as that bureau continues to be maintained as an organization which has no capital 

stock and pays no dividends. This being the case, it is deemed proper and opportune to 

review the history of the only existing American classification society and to show its growth 

and present condition. 
HISTORY. 

On April 22, 1862, the legislature of the State of New York incorporated the American 

Shipmasters’ Association, the incorporators being men well known in shipping and maritime 

insurance. 
The purposes of the association were those of collecting and disseminating information 

upon subjects of marine or commercial interest, of encouraging and advancing worthy and 
well-qualified commanders and other officers of vessels in the merchant service, of ascertain- 

ing and certifying the qualifications of such persons as shall apply to be recommended as 

commanders or officers, and of promoting the security of life and property on the seas. 

The last-named purpose necessarily carried with it the preparation and adoption of 

rules for construction and survey which, when complied with in the construction of a vessel, 

entitled it to classification in the association. 

The association continued to function under the title of “The American Shipmasters’ 

Association” until the first of November, 1898, when, by order of the Supreme Court of the 

State of New York, the Association was authorized to assume another corporate name, 

namely, “The American Bureau of Shipping.” 
The Bureau affairs are administered by representatives of shipping interests in its 

broadest sense, and, although the Bureau is incorporated, it has no shares upon which divi- 

dends are payable. In other words, it has no capital stock and pays no dividends. 

During the period which had elapsed from its original incorporation as The American 

Shipmaster’s Association and its continuation as The American Bureau of Shipping, the work 

of classification had been chiefly confined to American built coastwise vessels. At one time 

the shipping interests of the United States under Federal aid, in the shape of wise legislation 
and encouragement, had assumed large proportions, but upon the withdrawal of such aid, and 

acquiescence with treaties decidedly favorable to foreign shipping, these interests gradually 

declined. This shrinkage, resulting in the relatively small amount of merchant shipbuilding 

done here, combined with the lack of vision on the part of the Bureau in not making alliances 
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outside of this country, caused its power and influence to parallel the downward tendency of 

American shipping. In the meantime foreign classification societies, from large and ex- 

tended experience, had so built up their staffs of advisers and surveyors, had so revised their 

rules and broadened their activities in all phases relating to building, insuring and salvaging 

vessels, that the American shipowners found their interests best served by building under for- 

eign classification rules. This tendency became so pronounced that, prior to the Shipping 

Board assuming control of the building facilities of this country, 96 per cent of the United 

States seagoing vessels was built under the rules of foreign classification societies. There- 

fore, in 1915, the American Bureau found it necessary to reorganize and to consider the ad- 

visability of making connection with a foreign registration society in order to enlarge its oper- 

ations and usefulness. 
DECLINE OF AMERICAN SHIPPING. 

Before entering further upon the history of the Bureau, it may be well to allude briefly 

to some of the causes of decline of American shipping and its reaction upon shipbuilding in 

the United States. 
First and foremost of the reasons was the withdrawal of the discriminatory duties en- 

forced by the Government in favor of American bottoms. This legislation had been so in- 

strumental in building up the American marine that at one period American vessels car- 

ried by far the larger part of the world’s commerce. Another cause of the downfall of the 

American merchant marine was the entering into of treaties which, to say the least, placed 

American shipping at a decided disadvantage with the carriers of other nations. The 

result was that little interest was taken by Congress in furthering the interests of the 

shipping of the United States from before the Civil War until the beginning of the Great 

War, the only aid extended being in the shape of mail-carrying subsidies. The shipbuild- 

ing interests naturally followed the decline in shipping. The good effect of discriminating 

duties in the past may well be closely studied in connection with the enforcement of recent 

legislation. Another feature was the development of internal transportation facilities which 

greatly influenced and held in financial subjection the natural development of the United 

State as a shipping power. 

This influence is to be found in the rapid construction of the railway systems of this 

country. We have a tremendous area whose development depended upon means of commu- 

nication one part with the other. This led to the building of great transcontinental railways, 

as well as lines connecting the northern and southern portions of our country. This and other 

necessary internal developments absorbed the financial energies of the country, and, while 

vast sums of money were raised and expended in the building of great railways, shipping, 

being of greater risk and its future to a great degree dependent upon congressional action, 

was not looked upon with favor as an investment nor given the consideration its importance 

demanded, by the financial powers of the country. 

REORGANIZATION. 

By the year 1915, or the second year of the Great War, shipbuilding in the United States 

becoming much more active, the American Bureau of Shipping, through its board of mana- 

gers, called a special meeting for the purpose of considering the reorganization of the Bureau, 

of enlarging its usefulness by establishing faithful and accurate classification and register of 

mercantile shipping, and to aid in developing the merchant marine of the United States of 

America. 
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Looking to this end, a committee of reorganization was appointed at the meeting on Oc- 

tober 8, 1915, consisting of P. A. S. Franklin, Chairman; Antonio C. Pessano, Walter Wood 

Parsons, Charles Skentelberry, Harvey D. Goulder, and William A. Dobson. 

A number of meetings of this reorganization committee were held in the latter part of 

1915 and the early part of 1916. At these meetings various maritime matters were dis- 

cussed, including the renewal of negotiations contemplating an amalgamation of the Bureau 

with Lloyd’s Register of Shipping, as well as one with the Great Lakes Register. Ultimately 

it was determined not to make the contemplated arrangement with Lloyd’s but to continue the 

American Bureau of Shipping as a vital force in American shipping, it being the judgment of 

the committee that such course would be for the best interest of American shipowners, build- 

ers and underwriters, and from the fact that people in this country began to have a belated 

sense of national pride in the affairs of the merchant marine which called for the classification 

of American vessels by an American society and to desire insurance of American vessels and 

cargo, by Americans for the benefit of America. 
At the meeting January 13, 1916, Mr. Stevenson Taylor was invited to attend, and on 

the following day he was made chairman of the reorganization committee at the request of 

Chairman Franklin, who resigned the office for that purpose. 

GOVERNMENT AUTHORITY FOR CLASSIFICATION. 

Advance in connection with American shipping developed very rapidly from that date 

on, and congressional action, taken in connection with vessels owned by the United States, 

made it absolutely necessary that there should be an American Bureau of Classification, 

recognized as the authority for the proper classification of its vessels. It can be seen clearly 

that no foreign classification society, or an American committee of a foreign classification 

society, could be accepted as an authority under which the interests of the American Govern- 
ment could be properly served. The recognition by Congress of the American Bureau of 

Shipping as the American authority placed it at once in an official position for the classifica- 

tion of government vessels and established it as a body capable of advising on kindred sub- 

jects; to this end, matters such as the determination of load line and freeboard were re- 

ferred by the Government to the Bureau for advice and cooperation in considering legisla- 
tion for a government load line for American vessels. It thus became necessary for the 

Bureau to come at once into the field so largely occupied by foreign classification societies, 

fully equipped to assume the requirements and duties of an American classification society. 

FOREIGN CLASSIFICATION SOCIETIES. 

It must be recognized that the Bureau had to contend with foreign registration socie- 

ties, some over a century and a half old, whose growth had been marked by affiliation with 

insurance and salvaging companies which gave them a commanding position in maritime 

affairs. It must also be recognized that but five years had elapsed since the American Bu- 

reau of Shipping began to strengthen its forces and affiliations and to make a faithful and 

accurate classification of vessels and registry of mercantile shipping contributory to the de- 

velopment of the merchant marine of the United States of America. 

The record as now compiled is a compendium of the general characteristics of the vessels 

admitted, in which are given the vessel’s name and official number; the signal letters; the 

material of which the vessel is constructed; the number of bulkheads and decks; whether 

vessel is built with water bottom or not; whether fitted with wireless outfit and submarine 
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signal apparatus ; the hailing port; the registered dimensions; the gross and net tonnage; when 
built, and by whom; the owners; the particulars of engines, boilers and propellers and the class 
the vessel is given; so that by referring to the record the general information concerning 
any vessel is at once obtainable. 

PURCHASE OF THE GREAT LAKES REGISTER. 

In this country alone is to be found a chain of great cities located on interconnecting 
inland seas of fresh water, where vessels up to 600 feet and over in length are common car- 
riers. Seasonal storms of great violence occur throughout the area of the Great Lares, but 
the waves, while steeper than ocean waves, are not as long. Therefore the stresses on the 
main structure are not as severe, but weather deck structure and fittings are required to 
withstand the pounding effect of seas breaking on deck. A type of lake structure has thus 
developed that requires special treatment by the rules of a classification society. 

To meet these requirements the Great Lakes Register was purchased in 1916 from its 
owners and incorporated with the Bureau as the Great Lakes Department. 

ALLIANCE WITH BRITISH CORPORATION. 

In the year 1917 the Bureau was convinced that the rules adopted by the British Cor- 
poration for the survey and registration of shipping were the most scientific of the rules in 
force for the construction of steel vessels, and after conference with said corporation an 
alliance was made whereby the British Corporation represents the Bureau in the United King- 
dom, and the Bureau represents the British Corporation in the United States, on terms mu- 
tually satisfactory. 

ALLIANCE WITH ITALIAN AND JAPANESE SOCIETIES. 

Following this alliance in 1917, one of the same nature was made with the Registro 
Navale Italiano, and in 1920 one with the Imperial Japanese Marine Corporation. It will 

thus be seen that working arrangements have been made by the American Bureau of Ship- 
ping with the British Corporation, the Registro Navale Italiano and the Imperial Japanese 
Marine Corporation, by which each society represents the others in its home country. In 

the Japanese corporation, Mr. Fred F. Perris, long with the British Corporation, serves as 

technical adviser of the Japanese corporation. Prince Higasji Fushimi is honorary presi- 

dent, and Dr. Seichi Terano, of the Engineering College, Imperial University, Tokio, is 

vice-chairman. The head offices are in Tokio, and surveyors will be established in Yoko- 
hama, Kobe, Nagasaki and Osaka. 

SURVEYORS PLACED ABROAD. 

At the present time it can be said that all these alliances have been very satisfactory. 

During the past year offices and exclusive surveyors have been placed in Hamburg, Ant- 

werp, Havre, Brest, Bordeaux, Rio de Janeiro, Buenos Aires and Valparaiso, and addi- 

tional nonexclusive surveyors in Spain, Portugal and all important Mediterranean ports, in- 

cluding Constantinople. 

ACTIVITIES OF THE BUREAU. 

A table follows showing that for the past five years, or from 1916 to 1920, inclusive, 

the service furnished by the Bureau has grown in importance and has proved worthy of the 

confidence of the Government and of shipowners, as well as underwriters. 
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1916 1917 1918 1919 1920 

No. of ships classed....................-0- 194 262 218 898 514 

Gross tonnage classed ..................... 228, 539 500, 285 535, 232 | 3, 030, 962 1, 918, 007 

No. of surveys made....................5.- 572 780 795 1, 729 4, 122 

No. of executive officers................---- 2 3 3 5 5 

No. of office employes ..................--- 8 15 35 58 43 

No. of surveyors (exclusive)............--.. 8 69 176 179 138 

Nowoftotiicesh: sins ccrcmcen cicero 3 12 19 21 25 

ACTION OF THE ATLANTIC COAST SHIPBUILDING ASSOCIATION. 

The registration of American vessels by an American society has been considered so im- 

portant that the Atlantic Coast Shipbuilders’ Association, representing all the shipyards 
on the Atlantic coast, appointed a committee to cooperate with the American Bureau of 

Shipping in extending its efficiency in- every way possible. 

The following statements, made by the Bureau in response to suggestions of that com- 

mittee, are quoted from the committee’s annual report to the Shipbuilders’ Association : 

“Tn general the several suggestions which you sent us related to improving the efficiency 

of our surveyors wherever possible, the ‘handling with greater speed of the review and criti- 

cism of plans in our New York office, and the possible granting of larger salaries to sur- 

veyors in order to secure the best talent. 

“To all of these matters we have given most careful attention with a view of remedying 

conditions along those lines wherever possible so to do. 

“As you well know, the shipbuilding business has undergone a great slump since your 

letter was received. This has necessitated the discharge of a number of our surveyors, and 

we have endeavored to retain the most competent. The lull has relieved the pressure in our 

technical branch at the New York office, and we feel quite sure that there can now be no just 

complaint concerning the celerity with which we handle all plans submitted. 

“We wish to assure your committee that we will welcome any further suggestions it 

may care to make and that we are continuing our endeavors constantly to keep up our stand- 

ards and improve our efficiency in every way feasible.” 

From this it will be seen that the Bureau is working in full harmony with the shipbuild- ~ 

ers of this country and is rapidly gaining the confidence of shipowners, builders and under- 

writers. 
GENERAL OUTLOOK. 

One of the most important features of a classification society is that its surveyors shall 

be men in whom the shipowner, the shipbuilder and underwriter have confidence as to their 

experience, judgment and technical knowledge. From the above report it is apparent that 

the Bureau, by the process of selection and elimination, is acquiring a staff with the desired 
qualifications. 

The technical committee of the Bureau is headed by no less an authority on hull con- 

struction than Admiral D. W. Taylor, U. S. Navy, than whom no expert speaks with 
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greater weight on matters of construction and design. There is much to be accomplished 

by the Bureau in strengthening its forces and making affiliations for appraisal of damages 

and salvaging, but the record of the past five years argues well that these matters will be 

fully and ably dealt with. It has been well said by Mr. Walter B. Norris that “though 

the western frontier is gone, and with it the historic incitements of democratic character 

which it offered, the sea remains with its majesty, its independence and its call to imagina- 

tion and courage, to keep alive the democracy and idealism which it helped to create in the 

typical American.” 

The typical American is returning to love of the sea and the opportunities it affords 

for advancement and accumulation of wealth. The American Bureau of Shipping has 

awakened to its opportunities and is strengthening its forces and enlarging its borders to 

meet the revival of interest in the merchant marine of the United States. 

There can be no doubt that it is the patriotic duty of American shipowners, underwrit- 

ers and builders to aid and encourage the Bureau in its efforts to build up an organization 

which, with its affiliations, shall be second to none in the world in the service rendered in 

classing, surveying, appraising, underwriting and salvaging vessels owned by the shipping 

interests of this country. If we are to have a prosperous growing merchant marine, we 

must also have an American classification society, capable of rendering aid of the best class 

to every phase of the shipping industry. 

DISCUSSION. 

THE PresiDENT:—Mr. Dobson’s paper, “American Classification of American Vessels,” 

is now before the Society for discussion. We will be glad to hear from any member. Due 

to the apparent reluctance of members to discuss naval and related matters this morning, we 

are comparatively well ahead of schedule time. Those who wish to submit their comment 

upon this entirely safe and important subject will have plenty of time in which to present 

their views. 

PROFESSOR HERBERT C. SADLER, Member of Council:—I1 would like to say, in connec- 

tion with the American Bureau of Shipping, that frequently we have come across certain 

criticisms of the rules. These criticisms generally take the form that the rules lack sim- 

plicity as compared with the rules of some other organizations. I think it has been the expe- 

rience of a good many men that it is a little easier to get out scantlings or midship sections 

from the rules of some other societies. That point, I believe, is being taken up by the Ameri- 

can Bureau now in the endeavor to make the rules as workable as possible, and I would also 

like to point out this fact—that fundamentally the rules of the American Bureau of Ship- 
ping are more logical than some of the other societies, they are more flexible, and give the 

designer a little more scope, as the steps are not so great as in some of the others. If the 

Society would do a good deal of the work of tabulating instead of every individual having 

to do it, it would be of great advantage. 

Mr. Huco P. Frear, Member of Council:—I regret to say that I have not read Mr. 
Dobson’s paper and did not anticipate making any remarks on it, but in view of the apparent 
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lack of discussion, reference might be made to a point we are sometimes up against in deal- 

ing with classification societies; not to any greater extent, however, with the American 

Bureau of Shipping than with Lloyd’s or any other society. 

In cases of special construction, not covered by the rule where the scantlings have to 

be calculated, a much higher stress seems permissible for transversely framed vessels than 

is allowed for vessels on the Isherwood longitudinal system of framing. Stresses of 10 tons 

are common with transverse framing, whereas corresponding stresses for longitudinally 

framed vessels are confined to the neighborhood of 5 or 6 tons. 

It has frequently been maintained that just as light vessels could be designed on the 

transverse system as on the longitudinal system if the same process of calculating the scant- 

lings throughout was used. This could only be accomplished by increasing the stresses on 

the transverse system. If the same stresses were used in both cases, there would be a greater 

difference in the weights. 

Tue PresipEnT :—Is the present status of the American Bureau of Shipping such that 

no one desires to make any comment whatever as to its excellencies or possible shortcom- 

ings? There is a list of several names which have been handed to me. 

COMMANDER STEVENSON Taytor, Past President:—That remark of yours, Mr. Presi- 

dent, calls me to my feet, although I had no intention to say anything on this particular sub- 

ject, being so personally interested in it. I have been rather waiting for something of this 

nature to be said. I recall being in Mr. Hurley’s office some few years ago when he was 

the head of the Shipping Board, and he asked me that question directly: Were we perfect? 
Naturally, I hesitated, and then he said, “You are not perfect?’ I replied, “No, 

not any more than your organization is.” The American Bureau of Shipping only 

wants to do the right thing, first in the matter of making the ship safe, and next to help 

shipowners, shipbuilders and underwriters principally. I have taken many opportunities 

in the last five years to repeat that statement, and we are always ready to receive 

from anyone any hint or suggestion that will make the service better. There have been many 

criticisms of the service. Well, on March 1, 1916, we had five surveyors in the service, and 

one office; and a year ago we had 185 surveyors and about twenty-five offices—a very great 

growth in a very short time, particularly at a time when the sort of men needed to carry out 

the work of the American Bureau of Shipping was required in the many shipyards in this 

country. We are not perfect; we are not immaculate; and it would be easy to find some 

criticism, and I only urge on the friends of the American Merchant Marine the necessity of 

taking these criticisms to the headquarters of the American Bureau of Shipping rather than 

to go outside to talk about them. A day or two ago I had occasion to try to offset some criti- 

cism by getting at the facts. I asked the gentleman who made the criticism if he had ever 

called our attention to his complaint at all, the source of it, and the cause of it, and he said, 

no, he had not. I said. “Do you not think you should have done so?” His reply was: 

“Thinking about it, I believe I have been remiss, but I hated to butt into another man’s 

business.” This is everybody’s business; it is no one man’s business. 
As indicated in the paper, the American Bureau of Shipping is a corporation without 

any capital stock, and every man who works for it earns his salary, and the total amount of 

salaries has been very materially increased in the last five years. For the first month after 
the reorganization of the bureau on March 1, 1916, the rate per annum for the payroll for 
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every employee, from the president down to the office boy, was only $28,000. Last month 

I had the pleasure of signing checks amounting to very nearly $60,000 for the payroll of 

October only. That shows how the institution has grown. Next year will be our very bad 
year. Undoubtedly we shall lose some of the surplus we have been aiming to obtain in 

the last five years, because during the year 1921 there have been but two ships contracted 

for in the United States—one a Sandsucker out at Manitowoc, of 1,200 tons displacement, 

and another small ship, which is not classed at all, so that next year, should there be a 

revival in shipbuilding, there will not be any increase in the returns until a year after, and 

I am looking for a decline in the extent of ourservice, but not by any means any decline in 

the matter of the efficiency of it, and any hint which can be given to us, where our service 

can be improved, will be taken with a great deal of pleasure. 

THE PRESIDENT :—The Chair felt quite sure that the distinguished president of the 

American Bureau of Shipping would not let pass the opportunity to spurn the suggestion of 

their being immaculate or not being willing to accept suggestions for improvement. It is a 

very great pleasure for the Chair to state personally and on behalf of the Society, that the 
present standing, the present efficiency of the American Bureau of Shipping, is due to the 

devoted and efficient work of the president, its Board of Managers, and its executives, prac- 

tically all of whom are members of this Society. When Commander Taylor says that the 
Society has no capital stock, he is quite correct; when he says the Society pays no divi- 
dends, I rather take issue with him. The dividends do not take the form of checks received, 
but they do take the form of giving protection to the entire merchant marine and affording an 
American method of giving the highest certificate of efficiency to American-built vessels. 
That is a dividend which is shared, not only by the merchant marine, but the whole Ameri- 
can nation. 

Will any other gentleman discuss this paper which Mr. Dobson has presented? If not, 
the Chair desires to express to the author the thanks of the Society for his contribution. 

While papers of this kind are not very provocative of discussion, they are very important 
to have in our records, and will be read with great interest by those who are not members. 

I am requested to make the following announcement: The coast-guard cutter Tampa, 
equipped with a synchronous motor drive, is at Pier 59, foot of 18th Street, North River, 
and is open for inspection by members of the Society. She will remain there all today 
and tomorrow. It is understood that Colonel Simmons has made arrangements for taxicab 
service to the dock in connection with the Annual Marine Exposition of the Marine Equip- 
ment Association of America. 

On Saturday, through the courtesy of the Shipping Board, the Victorious, latest freighter 
to be converted to electric drive, also the Leviathan, will be open for inspection to naval archi- 
tects and marine engineers. 

Tugs leave Pier 59, foot of West 20th Street, at 10 a.m. The Victorious is of 12,000 

tons deadweight, 3,000 shaft horse-power, revolutions per minute, 100, magnetic and manual 

control, 3 Scotch boilers, 200 degrees superheat. 

Complimentary tickets for visiting the ships may be had upon application at the enroll- 
ment desk in the lobby of the Central Mercantile Building. 

The Marine Equipment Association has arranged to enroll members of the Society if 

they will stop at the registration table at the rear of the hall. Enrollment will admit mem- 

bers to the exhibition at the Central Mercantile Building without charge. 
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Due to the celerity with which the morning program has been disposed of, through no 

fault of the chairman, I hope, we are through well in advance of the usual time. It is im- 

portant to call your attention to the fact that this afternoon at 2 o’clock there will be a joint 

meeting under the auspices of this Society and the American Institute of Electrical En- 
gineers, at which two very important papers will be read, dealing with electrical propulsion 

and electrical auxiliaries. Unless all guesses fail, the time will not be sufficient this afternoon 
to permit all gentlemen who so desire to express their views, either for or against this 

method—at least that is a prediction based upon the experience of the past. Therefore 

please bear in mind the meeting at 2 p.m. This is a joint meeting, at which the president 

of the American Institute of Electrical Engineers will preside, and I hope there will be a full 

attendance and a complete discussion. If there is no further business, we will now adjourn 

until 2 o’clock this afternoon. 
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SECOND SESSION. 

Tuurspay AFTERNOON, NOvEMBER 17, 1921. 

The President, Admiral Capps, called the meeting to order at 2.15 o'clock. 

Tue PrEsIDENT :—Appearances indicate very strongly that we are going to have quite 

a lively session. It is not well to begin with an excuse, but I do wish to apologize for being 

a little late for reasons which I could not personally control. I had to leave behind me thirty 

good men and true, who are very important members of this Society, and whom we hope to 

have with us in a short time. We are going to have presented to the Society this afternoon 

two very important papers on subjects that are interesting alike to the American Institute 

of Electrical Engineers and the Society of Naval Architects and Marine Engineers. With 

that condition before us, it was considered very desirable to have a joint session. The presi- 

dent of the American Institute of Electrical Engineers very kindly consented to preside. I 

therefore have great pleasure in presenting to you Mr. William McClellan, president of the 

American Institute of Electrical Engineers, who will please act as chairman of the meeting. 

PRESIDENT McCLELLAN :—Gentlemen, it gives me a very great deal of pleasure to be 

here personally and also officially, to take part in this meeting which expresses the coopera- 

tion of the electrical engineers with the naval architects and marine engineers in carrying for- 

ward one of the greatest pieces of work in connection with modern progress. Electricity grad- 

ually gets into almost every phase of our existence, and sooner or later it was bound to get 

into the great work of marine propulsion. 

I always like to think, in connection with every engineering problem, that there is a 

social aspect to it, and that engineers do well to look upon that social aspect. We can always 

find it, because engineering is always done for the benefit of people in general. In this case, 

we find it because it has to deal with the easier exchange of goods, with the more frequent 

meeting of peoples, and the ease of getting from one place to the other, over the great natu- 

ral highways provided for us. In connection with this great meeting which is being held in 

Washington today—of course, I have seen comments in the papers as to what it will do, and 

the effect it will have on certain activities in the world—fortunately for us, while there is great 

spectacular interest in a warship coming up the bay on a successful trial trip, nevertheless, 

after all, that is only one phase, even though the most spectacular and perhaps the most inter- 

esting phase. The activities of shipbuilders and shipowners are not going to be taken from 

them, and we shall have a great opportunity, as much as any group of engineers could de- 

mand, to bring this great work of ship propulsion by electricity and by every modern device 

to the greatest possible point of advance. 

You know that we are accustomed to have certain things interrupt our plans at times, 

and we ought to get used to it. There is a man in this audience today—I think he will talk 

to you before the meeting closes—who has been spending much time on certain devices, to 

keep the ships on an even keel, making use of an old toy we were all familiar with at one 

time, the gyroscope. I understand that not very long ago he was hard at work on a device 

to be hung on the end of a watch chain, so that as long as you had that on your watch chain 

in your pocket, you yourself would remain on an even keel. An inconsiderate Congress passed 
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a prohibition amendment, and that poor fellow finds himself obliged to turn entirely to 

some other field of activity. Meanwhile we are on an even keel, and not likely to go off it. 

That is a common experience we have all had, and the way to overcome such interruptions 

is to direct our energies towards the overcoming of them. 

Today we have two very interesting papers, and I am going to call first, according to 

the program, for the paper by Mr. W. E. Thau, a member of the American Institute of Elec- 

trical Engineers, on “Electric Propulsion of Ships.” Before doing so, however, I will remind 

you that, under the rules of the Society of Naval Architects and Marine Engineers, twenty 

minutes are allowed for the presentation of a paper in abstract, including lantern slides. Those 

who discuss the paper will have ten minutes for discussion, including lantern slides, and I 

ask each member who wishes to discuss the paper, when he starts to do so, to come forward 

so that he can face the audience, and his discussion will be much more attractive, more easily 

heard, and therefore much more effective. I have great pleasure in presenting Mr. W. E. 

Thau. Mr. Thau is connected with the Marine Department of the Westinghouse Company. 

Mr. Thau presented an abstract of the paper. 



ELECTRIC PROPULSION OF SHIPS. 

By W. E. THau, Esg., MEMBER. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

This paper will deal primarily with the electric propulsion of ships, except wherein a 

comparison of some particular feature or characteristic warrants a reference to some other 

type of drive. In dealing with electric propulsion, it is necessary to consider all classes of 

ships, and this leads to two broad, general classifications, such as merchant ships and wart 

vessels. 

MERCHANT SHIP PROPULSIVE EQUIPMENT. 

General Requirements.—The ultimate purpose of a merchant ship is to earn money. 

From this standpoint, the factors of reliability, economy, weight, space, cost, operation and 

maintenance are involved in the propulsive equipment. Therefore the type of drive best 

suited is that which excels in all or the most important of these factors. The relative im- 

portance of these items varies with different ships, depending upon the trade route, cargo, 

etc., with the result that there is a definite and logical field for each of the principal types 

of drives, such as reciprocating engine, geared turbine, turbine electric, Diesel and Diesel 

electric. Since many general comparisons of the principal types of drives in regard to these 

factors have been given in recent articles in the technical press, it is not the intent of the 

present paper to take up this phase of the subject, but rather to analyze the principal types 
of electric propulsive equipments and to show in general how they fulfil these requirements. 

ReliabilityThe universal use and the indisputable success of electrical apparatus on land 

is sufficient testimony in behalf of its reliability. The absence of reciprocating parts makes 

electrical apparatus with its simple rotation as reliable as can be desired. It can almost be 

said that there are no mechanical troubles with electrical machinery. Broadly speaking, 
there are no new principles involved in the application of electrical apparatus to ship pro- 

pulsion. It is true that ship conditions differ from land conditions in certain respects, but 

there is no phase of the application which presents any really serious difficulty. The most 

important adverse condition is the deleterious effect of salt and moisture, which is easily sur- 

mounted by proper insulation of the windings and circuits, as is obvious from the several 

successful years of operation of present electric installations. There can, therefore, be no 

question as to the reliability of electrical propulsive equipment. 
Economy.—Economy is an important factor and must be given due consideration. To 

properly analyze this item, it is necessary to consider all equipment involved in the propul- 

sion with respect to fuel, water, lubricant and supplies. The relative proportions of these 

items vary considerably in the different types of propulsive equipments. The turbine elec- 

tric and the geared turbine compare very closely in economy when all items are considered. 

The losses in the reversing elements of geared turbines, the losses in the gears and the 
power required to circulate the additional lubricating oil detract appreciably from the gain 

which the geared turbine would otherwise have over the turbine electric because of the in- 
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herent electrical losses in the latter. Generally speaking, the net economy of a properly de- 

signed and constructed geared-turbine drive should be better than a turbine-electric drive, 

even though full advantage is taken of every practical source of gain in the latter. The 

difference, however, is perhaps hardly of sufficient magnitude to be the dominating factor 

in arriving at a final selection. The economy of a reciprocating engine drive is obviously 

poorer than that of a properly designed turbine drive of either type, for the reason that the 

reciprocating engine cannot utilize the same expansion of the steam. 

It has been advanced that the turbine for the turbine-electric system, being a one-direc- 

tion rotation machine, can utilize higher superheat than the geared turbine, because of the 

reversing element of the latter, thus resulting in better overall economy. With the present 

installations this condition is true to some extent. However, with proper attention given to 

this factor, geared turbines can be designed to operate without detriment with steam super- 

heated 150° F. to 200° F., which is fairly close to the practical limit of superheat on board 
ship, as there are other items aside from the turbines which are affected by high superheats 

to the extent of fixing limitations. 

Obviously from a fuel-consumption standpoint, the direct Diesel and Diesel-electric pro- 

pulsive equipments offer by far the best economy. Of these two types, it would appear 
offhand that the direct Diesel drive is decidedly superior to the Diesel electric; however, 

it will be shown later that there are certain limitations in the direct Diesel drive which offset 

its advantage in fuel per brake horse-power hour over the Diesel electric. Here again it is 

obvious that all items related to the propulsive equipment must be taken into consideration 

to obtain the ultimate answer. 
Weight.—The item of weight would probably show more variance than other items 

owing to differences of arrangement, design, foundations, etc., in the practice of the several 

shipbuilders. The importance of weight depends upon the type of ship, cargo and trade 

route. Usually, however, weight is an important item as it has a direct effect upon the total 

fuel consumption and the amount of cargo that can be carried with a given displacement. 

Here again it is necessary to consider all items related to the propulsive equipment. A 

correct comparison of weight necessitates that the equipments under consideration be on 

the same basis relative to overload, factor of safety and arrangement. This is particularly 

important in comparisons between electric-drive equipments. Where one equipment affords 

an advantage in flexibility of reserve, however, it is usually at some sacrifice in weight, and 

an allowance must be made. 
Space.—Space is important in that it has a direct bearing upon the bulk of cargo that 

can be carried. Its relative importance depends somewhat upon the location of the ma- 

chinery, 7. ¢., whether the machinery is located amidship or aft, or both. Space is affected 

by the distribution of machinery, and the relative saving depends somewhat upon the prac- 

tice of the various shipbuilders in that respect. General analysis of the space factors which 

have been made thus far gives the advantage to the direct-connected Diesel and Diesel-elec- 

tric types of propulsive equipment, the saving being effected by the elimination of the boilers 

and reduction of fuel and water tanks. Of the turbine-electric and geared-turbine types, the 
space factor is in favor of the geared turbine, except in special cases. The general arrange- 

ment of the engine-room, number of propellers and the beam of the ship have a direct 

effect upon the space occupied as a result of machinery distribution. By locating the con- 

densers underneath the turbines in electric drives, the total floor space can be greatly 

reduced. 
Cost.—A definite comparison of costs is still a difficult task, owing to the continued 
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unsettled conditions. On the basis of equal performance in regard to propeller torque and 

speed, the cost, including all items related to the propulsive equipment, should run in the 

order of direct Diesel, turbine electric, geared turbine and Diesel electric, the latter being 

the cheapest. The paradox in the relative cost of direct Diesel and Diesel electric is explained 

by the condition that small Diesel engines and generators for Diesel electric drives can be 

manufactured ultimately on a large production basis and stocked, whereas the engines for 

direct Diesel drive and, to a large extent, the two types of turbine drive, because of their 

large size and weight, must almost of necessity be a building proposition. On the basis of 

standardized drives there should not be a great deal in favor of the geared turbine as com- 

pared with the turbine-electric drive. This comparison will vary somewhat with the different 

manufacturers. 

The initial cost of the propulsive equipment has a direct effect upon the net earning 

power of the ship, because of interest, depreciation and insurance charges, and therefore cost 

is an important item. 

Operation—lIn regard to operation, it is realized that the present operators are largely 

men who are more familiar with reciprocating engines than with other types of machinery, 

and that for this reason certain difficulties are likely to be encountered in placing electrical 

equipments in their hands. The author believes that this thought should not be a considera- 

tion, as it is a temporary condition only. The horse-car driver became the motorman of the 

electric car, the reciprocating plant operator became the turbine plant operator in the central 

station, the steam locomotive engineer became the electric locomotive engineer (engineers 

now operating electric locomotives are reluctant to return to the steam locomotive), and 

similarly countless examples may be mentioned to show that change in machinery repre- 
sents no obstacle. Successful operators of electrical machinery need not have sufficient knowl- 

edge of it to understand the details of its design. This is not the case on land, and there 

is No greater reason for it on the sea. The operator should, however, know the operating 

characteristics of electrical apparatus and how to take care of it. 
The same question was raised in the case of geared turbines only a few years ago, yet 

today there is nearly a sufficient number of competent geared-turbine operators to take 

care of all the geared-turbine ships. The same will be the case with operators for electric ships. 

It is merely a matter of training and education, and it is certainly a reflection upon the 

intelligence of the age to classify the present limited knowledge as an obstacle for consideration. 

On page 110 isa probable list of the operating personnel for the principal types of 

drives. The cost of operating personnel as based upon this list would therefore be in the 

order of direct-connected Diesel, turbine electric, geared turbine, reciprocating engine, and 

Diesel electric. 

Maintenance.—Although there are practically no data available on the maintenance 

of electrical propulsive equipments (except battleships), there is no reason to anticipate any 

great difference between sea and land practice. As a matter of fact, there is reason to antici- 
pate less maintenance for the reason that the load conditions and control operations are less 

‘severe than is the case with most land installations involving large machinery. If the equip- 

ment is given proper care and inspection, the maintenance item will be low, as the absence of 

rubbing parts (except for the bearings) leaves little to get out of order. Electrical machinery 

does not wear as is the case with other machinery. Furthermore, all probable repairs are such 

as can be made aboard the ship without the use of an elaborate machine shop. 

Performance Characteristics—The inherent performance characteristics of electrical 
machines are particularly well suited to ship propulsion. Having identical operating char- 
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TABLE OF PROBABLE OPERATING PERSONNEL. 

Sin iatme || Ga | once) ee 
engine* Diesel 

Total crew 

Cheba ances net elctey ee 1 1 1 1 il 

Ist assistant ............ 1 1 1 1 1 

2nd assistant ........... 1 1 1 1 1 

3rd assistant ........... 1 1 1 af 1 

Junior engineers ........ 0 0 0 3 0 

Electricians ............ 0 0 1 1 1 

Qillerssyes. ide lerechesrhee vase 3 3 3 6 6 

iremeniypescyncryersietict vere 6 6 6 0 0 

Motalyjiicetedseketnesees 13 13 14 14 11 

On each watch 

Ast, 2nd or 3rd ......... 1 1 1 1 1 

Junior engineers ........ 0 0 0 1 0 

Electricians ............ 0 0 0 0 0 

OvdtbsscadéGocodndacue 1 1 1 2 2 

Biremanyece eee 2 2 2 0 0 

Wotal ee ccs aeiseis tats 4 4 4 4 3 

* Based on oil-burning ships. For coal ships, the operating personnel would be augmented 
by three coal passers. 

acteristics in either direction of rotation, all types of electric drive inherently afford, or can 

be made to afford, full torque and power for reversal. For reasons of economy, space and 
cost, the reversing element of a geared turbine is designed to give only 40 to 60 per cent 

power in the reverse direction. It has been claimed that full reverse power is not essential 

to a merchant ship, and this is true under ordinary conditions. In emergency, however, it 
is desirable to stop the ship very quickly, and in this connection it might be pointed out 

that the electric ship can be stopped in considerably less time than a geared-turbine ship. 

This is not altogether the result of less backing power but is due to a great extent to the 

inefficiency of the reversing element of the geared turbine causing an enormous draft on the 

boilers which greatly reduces the steam pressure. 
In reversing, the energy put into the screws by the action of the water and the stored 

energy in the rotating parts attached to the propeller shaft must be dissipated in some man- 

ner. In the case of the geared turbine this energy is consumed in doing work on the steam. 

In the case of A. C. electric drives, the energy of reversal is dissipated in the motor and 

generator windings, the rotors of the motors, or in external resistors connected to the rotor 

circuits, depending upon the type of motor used. In D.C. electric drives the reversal energy 

must be absorbed elsewhere in the system. The amount of energy to be dissipated or ab- 

sorbed in the case of a given ship depends entirely upon the time taken to stop the screws. 
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The instant the screws commence to turn over in the reverse direction, the system must 

supply the energy and all further stopping energy is dissipated at the propellers. There are 

two factors to be considered in stopping, namely, the energy returned through the propellers 

and the stored energy in the propellers and the motor armatures. Analysis shows that re- 

versing even at full speed is not a serious problem and that it does not place as severe require- 

ments upon the electrical machinery as does turning with hard-over rudder. The details of 

the distribution and absorption of the energy of reversal would occupy too much space to 

be discussed at this time. Suffice it for the present to say that the inherent facilities af- 

forded by electrical systems for dissipating energy and for giving full power in either direc- 

tion are what make the electric drives ideally suited for stopping. The time required to stop 

an electric ship is the same as, or less than, that of other drives. 

DESCRIPTION OF ELECTRICAL PROPULSIVE EQUIPMENTS. 

General Classification.—Electrical systems for ship propulsion may be classified into two 

general types from the standpoint of the prime movers, namely, turbine electric and Diesel 

electric. Due to the inherent performance of these two types of prime movers, both kinds of 

electric machinery are used—A. C. machinery with turbine electric because the A. C. gen- 

erator is inherently suitable for direct connection to the economical high-speed turbine; and 
D. C. machinery with Diesel-electric drive because the inherent characteristics of the D. C. 

generators are ideally suited to Diesel engine performance. 

The electrical equipment for turbine-electric drive may be further subdivided as fol- 
lows, in regard to the type of motor: 

Wound secondary 
1. Induction. j Squirrel cage. 

Combined squirrel cage and wound secondary. 
2. Synchronous. 

Ordinary, and with 
power factor correction. 

In the case of the Diesel-electric drive there is no broad subdivision. As a minor classi- 

fication, this type of drive might be subdivided with respect to the method of generator 

operation, 7. ¢., series and parallel. However, series operation is so vastly superior that 

parallel operation can be disregarded except for the purpose of comparison. 

Units Involved—aA complete turbine-electric drive involves the following apparatus: 
Boiler plant, evaporation plant, condenser plant, turbine, generator, motor, oiling system, 

exciter set, control. 

A complete Diesel-electric drive involves the following apparatus: Diesel engines, gen- 

erators, motors, small auxiliary air compressors, air bottles, exciters, fuel pumps (if not 

attached to engine), lubricating pumps (if not attached to engine), control. 

Turbine Electric—With turbine-electric drive, the electrical equipment is of the A. C. 

type, principally for the reason that A. C. turbo-generators are inherently better suited for 
the high economical speeds of turbines. The speed at which the turbine operates is influ- 

enced by the propeller speed because of the limitation in the number of poles of the motor. 

Theoretically, an A. C. motor can be built for any even number of poles, but in practice such 

factors as power factor (induction motor), diameter and assembly fix the upper limit in the 

neighborhood of 60 to 72 poles. As the motor speed and number of poles fix the generator 

and turbine speed, there is consequently an approximately fixed limit to turbine speeds. Inci- 
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dentally, in the case of practically all merchant ships this speed is lower than the most eco- 

nomical speed of the turbine. As the propeller is most efficient when designed and oper- 

ated at low speeds, it is advisable not to exceed 90 to 100 revolutions per minute for the 

ordinary merchant ship. 

_ Assuming a propeller speed of 100 revolutions per minute, a 60-pole motor and a 2- 

pole generator, the generator and consequently the turbine would operate at 3,000 revo- 

lutions per minute (neglecting the slip in case of the induction motor). This gives a 

reduction from the turbine to the propeller of 30:1, which is approximately the same ir- 

respective of the type of motor used. 

Fig. 1, Plate 13, shows ‘a diagrammatic scheme of connections for an induction-motor 

drive of the wound secondary type. Power is supplied from the turbine-driven generator 

to the induction motor through one of the reversers. The generator is excited from one 

of the auxiliary geared-turbine D. C. sets. Whether the auxiliary set would supply gen- 

erator excitation only or simultaneously furnish ship’s auxiliary power depends princi- 

pally upon the electrification of engine-room auxiliaries, winches, etc. 

The turbine is under the control of a governor capable of maintaining constant speed 

over about 75 per cent of the entire speed range. The governor speed-control valve is regu- 

lated from the control stand by an oil relay valve or system of rods and levers, depending 

upon the type of governor used. The propeller speed is adjusted by throttling the turbine 

as in the case of a geared-turbine drive. The turbine is started and brought up to its 
“Gdling speed” by the throttle valve at the turbine. 

Similarly, the generator field switch and rheostat and the ahead and back switches are 
controlled from the control stand by means of levers. These levers are mechanically inter- 

locked, so that it is necessary to follow the proper sequence of operations in starting, stop- 

ping and maneuvering. 

Usually the reversers are interlocked with the field lever so that the field lever must be 

in the “off” position before the reversers can be opened or closed. Similarly, the field is 
interlocked with the turbine speed-control lever so that the control valve must be set for 

low speed before the field can be opened or closed. 

The secondary control is automatic, being either of the solenoid contactor or motor- 

operated contactor type. The actuating means is energized through contacts on the field 

lever near the end of its stroke. This arrangement insures the establishment of voltage 

at the motor before closing the secondary accelerating switches. Similarly, moving the 

field lever to the “off” position opens the secondary switches. 
The operating levers and a complete complement of electrical instruments and steam 

gauges are arranged convenient to the operator, the instruments and gauges being mounted 

on a panel directly above or in front of the levers. By observing the instruments, the oper- 

ator will be kept informed at all times of the performance of all machines, even though the 

machines be obscured from his view. 
By a suitable arrangement of the switches and control levers, the entire maneuvering 

of a ship of any size and any number of screws can be under the complete control of one 

operator. 

The interlocking system necessitates the following sequence of operation: 

A. Starting Ahead (Turbine Idling) : 

1. Close reverser in “ahead” position, 

2. Close field and establish excitation, 

3. Adjust turbine speed to desired value after secondary is completely short-circuited. 

(Indicated by pilot light. ) 
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B, Stopping: 

1. Move turbine speed control lever to idling position, 

2. Move field lever to “off” position, 

3. Move reverser to “‘off’’ position. 

C. Starting Back: 

1. Close reverser in “back” position, 

2. Close field and establish excitation, 

3. Adjust turbine speed to desired value after secondary is completely short-circuited. 
D. Reversing (from Ahead Operation) : 

1. Move turbine speed control lever to idling position, 

2. Move field lever to “off” position, 

3. Move reverser from “ahead” to “back” position, 

4. Move field lever to full excitation, 

5. Bring up turbine speed after motor has pulled into step. 

The above description applies to a single-screw drive having but one turbine set. For a 

multiple-screw ship having generating sets for port and starboard sides, the operation would 
be the same for each side of the ship, as just described. ; 

The above operations are based upon switching when the current in the circuits has 

been reduced to very low values, or nearly dead circuit conditions. This arrangement is not 

really necessary, as with such small powers it is not essential to open the generator field; 

however, it may be justified in the light of conservatism. In any event, the reversers are so 

designed that they are entirely capable of opening full power. 

The salient features of the wound secondary induction motor drive are its inherent 

torque characteristics and the ease of handling. While the secondary control necessitates a 
few additional switches, this is fully compensated for by the fact that the propeller energy 

of reversal and the slip energy of reversal and starting are dissipated in resistors external 

to the motor. The importance of this is dependent upon the amount of reversing that is 
done, particularly from full speed. This system, therefore, represents the most conserva- 
tive arrangement of turbine-electric drive. 

The squirrel cage motor system is shown in Fig. 2, Plate 13, and it will be noted that 

the electrical connections are the same as for the wound secondary motor system, except 

that there is no secondary control. This system is therefore somewhat simpler than the 

wound secondary motor system from an electrical connection standpoint, both inside and 

outside the motor. It also has a slight advantage in cost in that the motor is less expensive 

to build. The squirrel-cage motor is shorter because of the absence of collector rings. It 
has a disadvantage in conservatism and torque characteristics. 

The power factor of either of the induction motor systems is less than unity, the exact 

value depending upon the number of poles and certain design features. For the ordinary mer- 

chant-ship requirements these motors would have power factors of approximately 70 per cent, 

the wound secondary motor having the higher power factor of the two by a small amount. The 

induction motor drive therefore requires a generator with KVA. capacity in excess of its 

KW. capacity, which adds somewhat to its weight and size, and which detracts a very small 

amount from its efficiency. 

The efficiency of the squirrel-cage induction motor of ordinary design is slightly less 

than that of the wound secondary motor, for the reason that sufficient permanent resist- 

ance must be incorporated in the rotor windings to obtain the required torque for reversal 

without excessive current. In motors with special double secondary windings, the required 



114 ELECTRIC PROPULSION OF SHIPS. 

torque can be obtained without excessive current, and the running efficiency can be improved 

somewhat. Such motors are in use on propeller drives at the present day. 

Turbine Electric (Synchronous).— Fig. 3, Plate 14, shows a diagrammatic scheme of 

connections for a synchronous motor drive. Power is supplied from the turbine-driven gen- 

erator to the synchronous motor through one of the reversers. The generator and motor 

fields are excited from a three-wire D. C. exciter set. The synchronous motor system dif- 

fers from the induction motor system only in so far as the synchronous motor itself affects 

the details of control and generator capacity, the main features of turbine-electric drive be- 

ing otherwise the same. 
Although the characteristics of the ordinary synchronous motor are not suitable for 

ship propulsion, the synchronous motor can be modified to give characteristics which meet 

the requirements. The modification consists in providing the rotor with a substantial in- 

duction winding of such design and arrangement as will not seriously detract from certain 

purely synchronous motor characteristics which are desirable. 

The maneuvering operations can be accomplished in more than one way. If appreciable 

torque is required to reverse, the method which appears to be most favorable is to 

utilize the synchronous characteristics and the induction characteristics at different stages of 

the reversing cycle. The motor is stopped as a synchronous generator loading into the gen- 

erator windings which form a dead load (generator field not being excited), then is brought 

up to nearly synchronous speed in the reverse direction as an induction motor, and finally is 

pulled into step with the generator as a synchronous motor. With this method, the sequence 

of operation for reversing would be approximately as follows: 

. Reduce turbine to idling speed (25 per cent), 

Open generator and motor fields, 

. Reverse motor connections, 

. Apply motor field excitation bringing motor to rest, 

. De-energize motor field, 
. Energize generator field to double value, bringing motor to nearly synchronous speed 

as induction motor, 

7. Apply normal excitation to motor field, pulling motor into synchronism with 

generator, 

8. Adjust speed to desired value. 
The method described above is preferable where appreciable torque is required during 

reversing. Usually, however, sufficient torque will be developed by the simpler method of 

reversing as an induction motor, in which case the cycle of operation will be as follows: 

1. Reduce turbine to idling speed (25 per cent). 

2. Open generator and motor fields. 

3. Reverse motor connections. 

4. Energize generator field to double value, bringing motor to rest and reversing it to 

nearly synchronous speed, as an induction motor. 

5. Apply normal excitation to motor field, pulling motor into synchronism with 

generator. 

6. Reduce generator field to normal. 

7. Adjust speed to desired value. 

This method, therefore, simplifies the sequence to the extent of omitting one step and 

eliminating the generator action of the synchronous motor. 

Although 8 and 7 steps respectively have been indicated in the sequence, as a matter 
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of fact some of the steps are combined so as to reduce the actual number of levers and oper- 

ations to a reasonable amount. 

Although the synchronous motor requires special design and introduces additional com- 

plications in the control, it has the important inherent characteristics of unity power factor. 

The unity power factor results in slightly decreased weight and size, and consequently less cost 
of the motor and generator. Taking the drive as a whole, and considering that both motor 

and generator must be excited from a separate source at a cost of at least twice the steam per 

KW. hour as the main turbine, the efficiency improvement over the induction motor drive 
is more apparent than real. Therefore the principal advantages of the synchronous motor 

drive as compared with the ordinary induction motor drive are a slight saving in cost, 

weight and space, with a possible inappreciable margin in efficiency. A somewhat larger 

air gap and greater ease of repair are claimed by some as additional advantages. 

Turbine Electric (Induction with Power Factor Correction).—The unity power factor 

advantage of the synchronous motor system is also available with a wound secondary induc- 

tion motor system in which the low lagging power factor is corrected to unity. This arrange- 

ment not only provides a system of the same weight, space and cost of the synchronous sys- 

tem, but in addition possesses the superior torque characteristics and simplicity of control of 

the wound secondary induction system. 
The diagrammatic scheme of connections is shown in Fig. 4, Plate 14. It will be noted 

that this is the same as the wound secondary induction motor system shown in Fig. 1, ex- 

cept that power factor corrective apparatus has been added. The scheme functions in the 

same manner and sequence as that shown in Fig. 1 until the motor is in step with the gen- 

erator, and at this point the power factor corrective apparatus is caused to function. The 

corrective apparatus consists of a Le Blanc phase advancer driven by a small D. C. motor, 

the speed of which may be varied to suit the power factor correction desired. The function 

of the phase advancer is somewhat similar to that of the D. C. exciter in the case of the syn- 

chronous motor in that it supplies excitation to the induction motor. The connection is made 

to the secondary or rotor winding, and thus excitation is supplied through the secondary in- 

stead of through the primary, with the result that the primary current is all “power” current, 

which means “unity’’ power factor. 
The phase advancer is a small commutating machine of very simple construction. The 

losses in the phase advancer consist of the internal copper loss due to the secondary current, 

almost negligible iron losses, friction, windage and brush drop. The total of these losses is 

very little and compares very favorably with the excitation power of the synchronous motor. 

The induction motor used with this system is simple in construction, smaller, lighter and 

consequently less expensive than the motor used with the ordinary wound secondary induc- 

tion motor system. The generator is the same as that for the synchronous motor drive. 

Thus the induction motor drive with the phase advancer not only provides the advantages 

resulting from unity power factor, but in addition provides the superior torque characteristics 

of the wound secondary induction motor for maneuvering, and also obviates the necessity for 

synchronous operation with the generator. In fact, it combines all the really desirable fea- 

tures and characteristics of both systems, without complications. 
Diesel Electric——For practical reasons, direct current only is feasible with Diesel elec- 

tric drive. This will be evident by a proper analysis of the performance of Diesel en- 

gines in connection with the characteristics involved in applying A. C. and D. C. machinery, 

due consideration of ship requirements being taken into account. To obtain the best results 

with Diesel electric drive, it is necessary to provide several relatively small and moderately 
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high-speed generating sets for supplying power to single or double-unit direct-connected 
propelling motors. Not only must the generated power divide evenly or proportionately 

between the generating units, but the system must also be such as will conveniently and eco- 
nomically lend itself to speed control. 

In the case of alternating current it would be necessary to operate the generators in 

parallel. To operate A. C. generators in parallel necessitates the very closest speed regula- 

tion and practically identical angular velocities of all prime movers. To properly visualize 

this exacting requirement it must be remembered that satisfactory parallel operation of A. C. 

generators necessitates that the angular displacement of the field poles of one machine with 

respect to another must not vary more than approximately + 3 electrical degrees, or a total 

of 6 electrical degrees. Since 360 electrical degrees constitute the space between adjacent 

like poles, the total variation in mechanical degrees, for example, in the case of a 20-pole ma- 

chine must not exceed 0.6 degree. While succesful operation under such requirements is 

carried out in several land installations where the prime movers operate at constant speed, 

it is not considered safe practice on board ship where the necessity for varying the speed 
of all sets simultaneously introduces another very serious difficulty. To overcome this con- 

dition successfully would require absolutely perfect engine governors which would function 

100 per cent perfect at any speed setting. The speed of the motor could be varied by the 

rheostatic method, thus allowing the engines to operate at constant speed; however, this 

method is extremely wasteful at reduced speed operation and at best offers a solution for only 

one of the many difficulties. It is for these reasons that alternating current is not suitable 

for Diesel electric propulsion. 

Direct current not only obviates all of the above difficulties but possesses many advan- 
tages in the way of operation, control and reserve power. With direct current we have the 

choice between two methods of generator operation, 7. ¢., parallel and series. From the 

standpoint of engine performance only, parallel operation of D. C. generators is entirely 

feasible and easily accomplished. However, when considering economical methods of speed 

control of the propeller motors, another factor enters which makes parallel operation diffi- 

cult, even with D. C. machines. This is explained below. 

With direct current we have a choice between two methods of motor speed control, 

i. €., armature rheostatic and generator voltage control. Armature control is not only un- 
justifiably wasteful at reduced speed operation but also adds complication to the control. 

On the other hand, the voltage control method is practically 100 per cent economical and 

provides an ease and a flexibility of control unapproachable by other systems. In the case 

of very small drives, armature rheostatic control might be selected because of factors not 
related to the propulsive equipment making it preferable to have a constant voltage system 

which is common to the propulsion and auxiliary circuits. For a drive of any appreciable size, 

the best results are obtained by isolating the propulsive equipment so that immediate maneu- 
vering can be done without affecting non-related circuits. Therefore, having an isolated 
plant for propulsion only, voltage control is obviously the method to use. 

With parallel operation of generators, voltage control is not simple of accomplishment. 

To satisfactorily vary the voltage of two or more generators simultaneously over the full 

range from zero to maximum necessitates very closely and very carefully adjusted field 

rheostats, generators with practically identical saturation curves and engines with practi- 
cally identical regulation, or some complicated and delicate automatic valtage balancing 

instrument. 
The series arrangement of generators, however, is ideal from every standpoint such 



ELECTRIC PROPULSION OF SHIPS. 117 

as operation, control, economy, simplicity, flexibility, reserve, etc. The series arrangement, 

in eliminating parallel operation of generators, obviates the necessity for close regulation, and 
hence simple engine governors and simple field rheostats are entirely satisfactory. In other 

words, satisfactory operation is independent of variation in voltage between the different 
generators. 

Besides the operating advantages, the series arrangement inherently provides for full 

power from each of the remaining generators in case of casualty to one or more of the gen- 

erating sets without providing additional capacity, and consequently additional weight in 

the motor. To obtain full power from each of the remaining sets with parallel operation 

would necessitate increasing the motor field in order to lower its speed to such a value as 

would require the total capacity of the remaining units, thus necessitating a larger and 

heavier motor. 
Fig. 5, Plate 15, shows a diagrammatic scheme of connections for a single-screw Die- 

sel electric drive. In this particular case there are six generating sets and one double-unit 

direct-connected motor. The six generators and the two motor units are connected in 

series. The machines are distributed electrically as follows: 3 generators, 1 motor unit, 

3 generators and 1 motor unit, to reduce the voltage strain, or the maximum voltage to 

ground at any two points to one-half the total voltage of the system. The voltage of each 

generator being 250, we have in effect a 1,500-volt system with only 750-volt insulation re- 
quirements. The advantages of this arrangement are obvious, especially in the case of large 

capacity drives and where there are several generators involved. The diagram shows an 

arrangement for using as many as may be desired of the main generating sets for supply- 

ing power to the ship’s auxiliaries when in port. Although the generators (and motors) 

operate as pure shunt machines when driving the ship, series windings on the generators are 

automatically placed in circuit when the generators are connected to the auxiliary bus, and 

therefore the generators operate as compound machines when supplying the auxiliary load, 

and when used for this purpose the generators are operated in parallel. Arranging the 

generators for supplying power to the ship’s auxiliary bus determines the voltage of the 

individual machines (250 volts). 
The motors and generators being pure shunt wound machines, the motor speed is ad- 

justed to any value within the requirements by the voltage control system. In this system 
the generator and motor fields are separately excited (preferably from the same excitation 

source). The motor fields are excited at constant potential, and in one direction, whereas 

the generator field excitation is varied to obtain the motor speed desired. With this ar- 
rangement the speed of the motors is directly proportional to the generator voltage, and 

therefore any motor speed from zero to the maximum in either direction is obtained by 
merely manipulating the generator field rheostat (a common rheostat is used for all genera- 

tors). Since the rheostat handles only the generator field current, which is 1 to 1% per 

cent of the generator rating, the simplicity and economy of the control are obvious. With 

the type of rheostat used, the excitation of the generators may be varied from full exci- 
tation in one direction to full excitation in the opposite direction, without opening the field 

circuit, and therefore the ship can be brought from full speed ahead to full speed astern 

without opening a single circuit. 
Reserve power in the event of casualty to prime movers is greater with this type of 

drive than with any other. On the basis of the power varying as the cube of the speed, a 

three-engine unit Diesel electric ship can make 88 per cent speed with two generators and 

70 per cent speed with one generator. 
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The Diesel electric has the greatest range of application of any of the economical 

drives (geared turbine and turbine electric not excepted). Because of the inherent merits 

of this drive, it is very suitably applied to merchant ships, barges, river boats, lake boats, 

ferry boats, small coastwise vessels, yachts, fishing boats, coastguard cutters, cable-laying 

ships, and any ship within its capacity requiring refined control and economical operation 

over a wide range of speed. 

As compared with any type of steam drive, the principal advantages of the Diesel elec- 
tric are: Fuel consumption; weight; control; considerably more reserve power in case of 

casualty to prime movers. 

The principal advantages of the Diesel electric drive as compared with direct Diesel 
drive are: 

Rehability—Cylinder parts being thinner are not subjected to such high temperature 

strains in heads and liners as are the large slow-speed engines, and consequently there will 

be fewer breakages of these parts. Years of application and service demonstrate beyond a 

doubt the full reliability of electrical machinery. 

Maneuvering Abihty and Control.—The control is extremely simple, easily understood, 

and can be placed anywhere on the ship. The engines run at constant speed, and hence the 

engine reversing gear is eliminated. _ 

Weight.—On a very conservative basis, the Diesel electric should show at least 100 

pounds less per propeller shaft horse-power. 

Propeller Application.—Propeller speed not restricted, and in the case of large ships one 

propeller would be used for Diesel electric, whereas, because of engine conditions, two would 

be used with direct Diesel. 
Reserve Power in Case of Casualty.—Very much greater with Diesel electric. 

Maintenance.—For reasons under “Reliability,” the maintenance should be less. Fur- 
thermore, due to smaller parts and reserve power, repairs to Diesel electric engines can 

usually be made on board ship while under way, providing sea conditions permit. The en- 

gines for Diesel electric are designed and built on the same conservative basis as direct-drive 

Diesels and are not the high-speed, short-lived submarine type. 

Less Starting Air.—Diesel electric requires starting air only during the initial start in 

port. Subsequent engines may be started electrically. No air is used during reversing, and 

consequently the air problem is reduced to simplest terms. 

Fuel Consumption.—There would be little difference in the net fuel oil and lubricating 

oil consumption as the increased efficiency of screw and the reduced strutt losses, with the 

low-speed single-propeller Diesel electric, offset the twin-screw arrangement of the direct 

Diesel. From a standpoint of piston speed, the engines used for Diesel electric drive are no 

different than direct-connected engines. (The former exceeds the latter only in revolutions 

per minute.) 
Cost.—The cost of Diesel electric in some cases is less than the cost of direct-connected 

Diesel drive on present-day figures and will generally show a greater gap when fully de- 

veloped along standardized lines. 

GENERAL SUMMARY FOR MERCHANT-SHIP ELECTRIC DRIVES. 

In the way of a summary relative to all types of electric propulsive equipments for mer- 

chant ships, the following salient features may be reviewed: 

1. Electric drive is as reliable as any drive suitable for ship propulsion. 
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2. Maintenance and repairs should not exceed those of other drives, and in some cases 

should show a saving. 
3. Electric drive is ideal for ship propulsion and will soon be recognized, if it is not 

already recognized, as a standard type along with the reciprocating-engine, geared-turbine and 

Diesel-engine drives. 
4, Electrical machines have longer life than engines or geared turbines (drives) and do 

not decrease in efficiency with age. 

5. Electric drive (Diesel electric) is as reliable as any economical drive, generally weighs 

less than any other drive, is as economical as the best, in most cases costs less than any other 

drive,* provides more reserve power in case of casualty to prime movers, and affords simplest 

and most flexible control. 
WAR VESSELS. 

The electric propulsive equipments for war vessels have been described and discussed 

in many articles in the technical press, and therefore only the principal phases will be dealt 

with here. 

The fact that the last nineteen capital ships of the U. S. Navy are or will be equipped 
with the electric drive is sufficient testimony in behalf of what the builders and users of war 

vessels think of its merits. The prime requisite of reliability in any type of machinery de- 

signed to propel war vessels was recognized in the electrical machinery at the time of the 

first installation. Also the calculations showed that the unit fuel consumption over a wide 

range of operating speeds should be better than anything yet proposed. Service operation 

of two 30,000-horse-power electrically propelled battleships has indisputably proven that the 

reliability is all that was claimed, and that the fuel economy, as compared with other ships of 

the same type using direct-connected turbines with geared cruising turbines, is vastly superior. 

Two other factors in which the electric drive shows a marked improvement over other 

drives have been emphasized since the first battleship was built, namely, the superior protection 

from torpedo attack afforded the machinery by virtue of the arrangement of the electric 

plant and the superior maneuvering qualities of the electric drive. The large horse-power 

requirements of the present war vessels (60,000 horse-power and 180,000 horse-power) pre- 

clude the use of reciprocating-engine drive, and this leaves electric drive with a decided ma- 

neuvering advantage over any other form of turbine drive. 
Of the two types of electric propulsive equipments, only the turbine electric is suitable 

for propelling war vessels, because of the large capacities required. The nineteen drives in- 

stalled and building employ essentially the same system in that induction motors are used 

in all cases. In details, the systems differ in regard to the type of induction motor. Of the 
three ships in service (the Maryland having been recently commissioned), the New Mexico 

motors have the double squirrel-cage rotor winding, the Tennessee motors have the form- 

wound rotor with external starting and maneuvering resistance, and the Maryland motors 

have combined single squirrel-cage and form-wound rotors. Each of these arrangements 

has its advocates. However, continued service alone will decide which method is the most 

suitable, all factors being considered. 

Because of limitations in weight and space factors, electric drive is not well suited to 

small, high-powered, fast craft such as destroyers and scout cruisers. In the case of ships 

where conditions are suitable for electric drive, the following discussion of the more im- 
portant factors will be of interest: 

*It is predicted that future developments will bring the item of cost below that of any other drive. 
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Reliabitlity.—In all phases of the industrial field where electricity has entered, it has 

proven its reliability. With a good record for reliability behind it, electricity has set out 

to establish a similar record on the sea, and the experience of the two large battleships thus 

far equipped with electric propelling machinery, and in service, shows that there will be a 

duplication of past satisfactory performance. The electrical machinery will be found to be 

in good condition long after the ship has become obsolete. 

The arrangement of units and distribution of power make it possible to supply balanced 

power to all screws in the event of casualty to one of the prime movers. In other words, the 

electric drive possesses an inherent advantage in regard to reserve power. 

Economy.—Regardless of calculations, the recorded performance of the electrically pro- 

pelled battleship New Mexico has proven the superiority of the electric battleship in respect 

to fuel consumption. Recently published figures in the Marine Review show that the Idaho 

and Mississippi use 20 per cent more oil at 10 knots than the New Mexico, 42.7 per cent more 

at 13 knots, 48 per cent more at 16 knots, 40.1 per cent more at 19 knots, and 32 per cent 

more at full power. This superiority in fuel consumption is not altogether due to the main 

units, as the figures include the oil consumed by the auxiliaries. There is enough difference, 

however, to show conclusively that the comparison is very favorable to the electric ship. 

That the advantage in fuel consumption demonstrated by the New Mexico is not a mere 
incident, it is well to note that the Tennessee, which is a later ship, is showing even better 

results than the New Mexico, as was indicated when the two ships steamed together during 

recent maneuvers of the Pacific fleet. Accurate measurement of unit fuel consumption dur- 

ing the official trials of the Tennessee showed that the actual steam consumptions were less 

than the guaranteed figures by amounts varying from approximately 3 to 8 per cent. Thus 

the art of electric propulsion is still progressing. The answer is found in the use of only 

a sufficient number of turbines for the load conditions and in the two speed motors, the com- 

bination of which maintains a higher average load on the turbines at a higher average speed. 

Maneuvering.—Owing to the availability of full backing power in the case of the elec- 

tric-drive ship, the latter possesses a marked advantage over the turbine ship in maneuvering 

qualities. As these were referred to under “Merchant Ships,” it is sufficient to merely men- 
tion at this time that the electric battleship can be stopped in considerably less time than is 
required to stop a turbine ship. The advantage of this feature is obvious in the case of a 

war vessel. This is due to the combined action of quicker “set-ups” and greater backing 

power. 
Further maneuvering advantages of the electric drive are apparent from recent publica- 

tions. These advantages are chiefly concerned when entering and leaving ports and maneu- 

vering therein. By operating the ship from one turbine set, the other, or others if there are 

more than two, can be held in readiness for immediate service in case of necessity such as 

would arise from a mudded condenser or other cause. When maneuvering to get under 

way, operation from a single generating set inherently enables exactly the same speed—but 

of opposite direction—to be obtained on the port and starboard screws. This is very desir- 

able for the reason that the ship can be turned on its heel without making any headway. With 

different prime movers supplying power to the various screws, it would be difficult to main- 

tain all the screws at the same speed and thereby turn in the same space. 

Control.—The control for the propelling machinery is centralized in one compartment 

and can be easily arranged to be operated by one operator. The flexibility of the control is 

such that almost any emergency resulting from casualty to any equipment connected with 
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the propulsive machinery proper can be taken care of in brief time by disconnecting the dis- 
abled unit from the source of power. 

Maintenance—The maintenance and repairs should show to advantage because of the 
inherent reliability of electrical machines and the absence of wearing parts. Repairs of con- 

siderable magnitude can be made aboard the ship without removing the machinery. It is 

difficult to imagine a casualty to any one of the electrical units which could not be repaired 
on board the ship if circumstances warranted it. 

Study of Performance.—The electrical instruments enable accurate and convenient ob- 
servations to be made of the performance of the screws at any instant. The electrical in- 

struments also provide a means for quickly detecting improper performance of the screws 

due to excessive shaft friction or damaged blades. The performance of all units as indi- 

cated by the instruments is under the observation of the watch officer and control-room at- 
tendants at all times. 

ELECTRICALLY PROPELLED WAR VESSELS IN SERVICE AND BUILDING. 

— 

Ship Kind Total $.H.P. Type of drive Tonnage Date 

WeeSaSenupltetyesiyisiiies saves) Olen ns a) 3). -) 7, 000 Turbine-electric 20, 000 1912 

U. S. S. New Mexico.......... Battleship........ 28, 000 Turbine-electric 33, 000 1918 

U.S. S. Tennessee............ Battleship........ 28, 000 Turbine-electric 33, 000 1920 

U.S. S. Maryland ............ Battleship........ 28, 000. Turbine-electric 33, 000 1921 

U.S. S. California ............ Battleship. ....... 28, 000 Turbine-electric 33, 000 1921 

U.S. S. Colorado............. Battleship........ 28, 000 Turbine-electric 33, 000 Building 

U. S. S. Washington.......... Battleship........ 28, 000 Turbine-electric 33, 000 Building 

U.S. S. West Virginia........ Battleship........ 28, 000 Turbine-electric 33, 000 Building 

U.S. S. South Dakota......... Battleship........ 60, 000 Turbine-electric 43, 000 Building 

U.S. S. Indiana.............. Battleship........ 60, 000 Turbine-electric 43, 000 Building 

U.S. S. Montana.............| Battleship........ 60, 000 Turbine-electric 43, 000 Building 

U. S. S. North Carolina........ Battleship,....... 60, 000 Turbine-electric 43, 000 Building 

MESES. wlOwaly. cs vacrebcieasscee Battleship........ 60, 000 Turbine electric 43, 000 Building 

U. S. S. Massachusetts......... Battleship........ 60, 000 Turbine-electric 43, 000 Building 

U.S. S. Lexington ............ Battle cruiser..... 180, 000 Turbine-electric 43, 500 Building 

U.S. S. Constellation.......... Battle cruiser.....| 180,000 Turbine-electric 43, 500 Building 

U.S. S. Saratoga .............| Battle cruiser..... 180, 000 Turbine-electric 43, 500 Building 

U.S. S. Ranger .............. Battle cruiser..... 180, 000 Turbine-electric 43, 500 Building 

U. S. S. Constitution..........] Battle cruiser..... 180, 000 Turbine-electric 43, 500 Building 

U.S. S. United States.......... Battle cruiser.....| 180,000 Turbine-electric 43, 500 Building 

Japanese fuel ship.............] Collier........... 8, 000 Turbine-electric 20, 000 Building 

4 coastguard cutters........... Cutter eye) 2, 600 Turbine-electric 1, 600 Building 
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ELECTRICALLY PROPELLED MERCHANT AND MISCELLANEOUS SHIPS IN SERVICE AND 

BUILDING. 

ih EGC aR TT 

Ship Kind goo Type of drive doseeel Date 

2 ice-breakers at Niagara Falls.| Tug............... 50 | Trolley orcablefed, D.C.| ...... 1906 

Joseph Medill ................| Fireboat ........... 400 | Turbine-electric D.C....] ...... 1908 

Graeme Stewart............... Bireboateeeree eres 400 | Turbine-electric D.C....| ...... 1908 

ElectricvArchen eer ceete cane Experimental Jaunch 25 | Petrol-electric A.C....| ...... 1911 

Mynemount). cs enkie sees ol) CARBON. one aa ecete 500 | Diesel-electric A.C....| ...... 1912 

Miyolnensccan icrisccjettenrriete @argorennee ceca 950 | Turbine-electric A.C....| ...... 1912 

Wulsty Castle................ Cargo 1,500 | Turbine-electric A.C....| ...... 1918 

JAG Gi coo so 9a0dcno00s0cc Cargol esate ssc 1,200 | Turbine-electric A.C....| ...... 1918-9 

Mariner acivsccitdamerisicicis cls Brawl] eryeee enc 400 | Diesel-electric D.C.... 500 1919 

Bclipsetecccncvtsamteciniense Cargo erie sciatic 3,000 | Turbine-electric A.C....| 16,000 1920 

(CUS codéledaonoocoscoososdes Cargo and passenger| 3,000 | Turbine-electric A.C.... 3, 580 1920 

JOVEN DsposadeocodooneoouedaoD Schooner yacht...... 90 | Diesel-electric D.C.... 313 1920 

Guineyeressaqee cirri cree Schooner yacht...... 550 | Diesel-electric D.C.... 1,160 1921 

Invinciblety series ernie Cargo 3,000 | Turbine-electric A.C.... Building 

ENTANG t pa gooodscsdoqnaesedas|| AG) cp codadooD EDs 3,000 | Turbine-electric A.C.... Building 

Independence ................ Cargo 3,000 | Turbine-electric A.C....| ...... Building 

MAT ey OMe recreates cio’ elohe eee Schooner yacht...... 350 | Diesel-electric D.C....| ...... Building 

Welero ll) ein asickanaccticter eine ate Wachtiracthets eicore aoe 215 | Diesel-electric D.C.... Building 

Wordonian\ <select Cargo 850 | Diesel-electric D.C.... 2,200 | Building 

BiG Gig tieg sence baccdodllooan6 anca00nsengowed 3,000 | Turbine-electric A.C....| 16,000 | Building 

Poughkeepsie-Highland Ferry..| Ferry.............. 200 | Diesel-electric D.C....|640DWC.| Building 

DISCUSSION. 

PRESIDENT McCLEeLLan:—Paper No. 4, by Mr. Thau, on “Electric Propulsion of 

Ships,” is now open for discussion. We have a number of pinch hitters on the list, and 

if there is anybody who is in a hurry to discuss this paper, and cannot wait, I will give him 

an opportunity now. (A number of members rose to discuss the paper.) As three or four 

men got up at once, I think perhaps I had better call on the men who are on the list which 

has been handed to me, in the order in which their names are entered. The committee first 

gives me the name of Mr. W. L. R. Emmet, of Schenectady. 

like him to speak on this paper. 

If he is present, we would 
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Mr. W. L. R. Emmet, Member of Council:—Before discussing Mr. Thau’s paper, I 

want to call attention to something that has just occurred, something that was told me a few 

minutes ago. I spent a few days on the battleship Maryland last week and was very favor- 

ably impressed with the operation of the machinery, and there were various complimentary 

remarks from others on that subject. I have been told that there was an article in the news- 

paper this morning saying there had been some sort of trouble with the machinery on the 

Maryland. I have just been told by two officers at this meeting, who have just come ashore 

from the Maryland, that she is lying at Tompkinsville and that there is no trouble in connec- 

tion with her. I thought I would mention that fact. 

Mr. Thau, in discussing this subject, has done so in a manner which I should say was 

very impartial. He has worked on the machinery of these ships, and gives a good idea as 

to the various methods which are applicable to the electric drive of ships and of the character 

of apparatus used in their varied service. 

There are one or two points in Mr. Thau’s paper where I think the case has been a 

little understated. In the matter of reliability I have always been of the opinion that the elec- 

tric method of doing anything was the most reliable, and where anything was broken or dam- 

aged, electrical apparatus was easy to repair. I do not simply think it is on a parity with 

other methods. 
The question of the economy of the electric drive, as compared with gears, is a subject 

concerning which I will say a few words later. 
As to weight and space. In Mr. Thau’s statement about merchant ships, he has not 

called attention to the fact that in certain electric drive merchant ships already equipped, and 

possibly in many others, a very large amount of space, weight and cost can be saved by 

leaving out shafts and shaft alleys, and the arrangement of the ship can be made more 

convenient. 

Cost is a question which I think could generally be decided about as Mr. Thau has decided 

it, but there are many contradictions in that respect. Some little time ago we bid on equip- 

ments for some 12,000-ton transports that were being constructed in considerable number. 

We were the lowest bidders on electric drive and offered the best guarantees. We also made 

our electric bids on exactly the same profit basis that our gear proposition was based upon, 

in the case of these ships, and the electric was the cheaper. There have been only a few elec- 

tric-drive ships equipped, and a great many geared ships, and when these two methods are 

reduced to a basis of comparison it has in many cases been found that the electric drive is 

not much more expensive than a conservatively proportioned gear drive. 
There is a suggestion in the paper of a possible difficulty through lack of training the 

men. I know Mr. Thau does not consider, any more than any other electric man does, that 

there is any such disadvantage in the electric drive, because I know that he is an enthu- 

siast on the subject, and our whole experience with electrical application on land is that 

everybody is afraid of it before the apparatus is started, but it is very popular the first day 

after the apparatus is started, with the whole operating force, and that has been the experi- 

ence on ships. The Jupiter started with a set of green men, and they were all enthusiastic 

about the apparatus immediately, and that has also been the experience with the different 

warships. 

In the matter of maintenance, the impression is given in this paper that electrical ma- 

chinery is on a parity in the matter of maintenance. The Jupiter has been operating for 

seven years without any maintenance expense, I am informed—at least, I do not know of it. I 
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do not think there is much to wear out in an electrical ship, so far as the electrical apparatus 

is concerned. You might have to replace a bearing occasionally, but normally, electrical ap- 

paratus of that type is virtually everlasting. In other forms of drive it is not always so. 

Another matter that I would take exception to, or at least state a little differently, is the 

matter of the efficiency of the synchronous motor, as compared with the induction motor. We 

have applied synchronous motors to several ships and what Mr. Thau says is in a way justi- 

fied, because if you waste enough power on excitation, you may equalize the differences 

which exist between the efficiency of the two systems, but my idea of the electrical drive is a 

little different from anything that has ever been actually produced, because I would like to 

see the ship equipped with sufficient means for making electricity for auxiliary purposes, and 

if all the auxiliary operations in a ship were done electrically, and your electric power is 

made efficiently, the excitation would be secured at a very low cost. 

If power is obtained of proper efficiency for excitation in connection with other auxili- 

ary purposes, in the case of the synchronous motor it will be something like 3 per cent better 

than the induction motor, and the apparatus will be materially lighter. 

Another point is that the synchronous motor apparatus has an air gap on the order of 

three or four times as much as that which is practicable with the induction motor. 

Furthermore, the synchronous motor can be made with removable poles, so, without dis- 

turbing the position of the machinery itself, you can take off a pole, get at the windings of 

the stator, and replace the windings without removing or lifting anything, and such operations 

are very simple and easy. The synchronous motor is of rather simpler mechanism than the 

induction motor, because there are simple solenoids for field windings, the movable parts; in 

other words, there is a more easily repaired structure. 

As to some of the remarks about the Diesel electric, I do not pretend to know much 

about Diesel engines or the possibilities of electric drive with them, but I am very much inter- 

ested, or should be, being an electric man. I would like to push the Diesel electric along if 

it is a good thing, and for the sake of bringing out discussion I want to state that certain 
people, who ate well informed in the Diesel engine business, have given me the impression 

that the records to date indicate that the slow-speed Diesel engines were rather more prac- 

ticable than the high speed. I do not see any very inherent reason why the high-speed Diesel 

engine might not be made good, but combustion takes time and it may be that there is some- 

thing in this point. 

I do not think I could quite agree there with Mr. Thau’s statement that the alternating 

current Diesel electric drive is out of it. I would not go so far as to say that, although I 

might possibly agree with him if I really gave more thought to the thing, and had his reasons. 

One other thing which has not been mentioned in this paper is the advantage afforded 

by interchange ability in electrical ship installations. On board the Maryland, the other day, 

we ran at 19 knots with one generator, a 21-knot ship; we ran 17 knots with only one gen- 

erator and two motors. I say two motors—I mean two propellers trailing. I think this is very 

valuable. In a passenger ship with two turbines designed to run 22 knots, you could run at 

18 knots with one generator. That is very desirable in many merchant ships—to be able to 

run economically at lower speed. 

Another matter which Mr. Thau has not mentioned is the advantage afforded in war- 

ships of the change of ratio in the electrical motors. That is done in existing warships. I have 

heard statements to the effect that the Tennessee gained nothing through that change of 

poles. I do not understand the cause for that. The question was raised on board the Mary- 
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land lately, and trials were made at 15 knots, the maximum speed at which low-speed con- 

nection can be run. At that speed the oil consumption was 10 per cent lower; and the 

water consumption, as reported to me, was 7 per cent lower with the low speed connected 

than with the high, and at lower speeds than that there is, of course, a greater gain. Ina 

warship this is a very important matter. 

Mr. Cuartes F, Battey, Member of Council:—I feel sure that the Society appreciates 

the excellent and comprehensive paper presented by Mr. Thau. 

This discussion and investigation has been prepared in an impartial spirit with the pur- 

pose of emphasizing a few of the outstanding facts and conditions apparent in a comparison 

of the following types of marine propelling machinery, including Diesel electric and steam 

electric-driven machinery, as covered in Mr. Thau’s paper. Let us consider the following: 

Group I. 2,000 S. H. P. 

(A) Diesel electric, twin screw. 

(B) Direct Diesel, twin screw. 

(C) Single-reduction geared turbines, single screw, oil fuel, Babcock and aloes boilers, 

also Scotch boilers. 

(D,) Triple expansion reciprocating engine, single screw, oil fuel, Babcock and Wilcox 

boilers, also Scotch boilers. 

(D.) Triple expansion reciprocating engine, twin screw, oil fuel, Babcock and Wilcox 

boilers, also Scotch boilers. 

Group II. 2,600 S. H. P. 

(A) Diesel electric, single screw. (Fig. 1, Plate 16.) 

(B) Direct Diesel, twin screw. (Fig. 2, Plate 17. 

(C) Geared turbines, single reduction, single screw, oil fuel, Scotch boilers, also Bab- 
cock and Wilcox boilers. (Figs. 3 and 6, Plates 18 and 21.) 

(D) Quadruple expansion reciprocating engine, single screw, oil fuel, Scotch boilers, 
also Babcock and Wilcox boilers. (Figs. 4 and 6, Plates 19 and 21.) 

(£) Turbine electric machinery, eclipse type, single screw, oil fuel, Scotch boilers, also 

Babcock and Wilcox boilers. (Figs. 5 and 6, Plates 20 and 21.) 

Babcock and Wilcox boilers for installations (C), (D), (£), Fig. 6, Plate 21. 

These comparisons are based on merchant marine requirements. Small powers have 

been selected as more data for comparisons are available, and as installations of such powers 

would be practicable with each type of machinery. 

It has been the endeavor to make the comparisons as carefully and fairly as would have 

been the case if they had been estimated upon for a proposed order. 

The ratio of shaft horse-power to indicated horse-power is assumed as follows: Diesel 

electric, 0.65; direct Diesel, 0.72; reciprocating engines, 0.92. 

The installations of Group I are smaller than would usually be adopted in merchant ser- 

vice, but the comparisons will hold fairly closely. The information from which these com- 

parisons were made was largely taken from detailed estimates and are closely approximate. 

The principal elements of each installation are tabulated in Tables I and II from which it 

will be noted in Table I covering Group I and Table II, covering Group II, comparisons are 
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made with both Babcock and Wilcox watertube boilers and Scotch boilers, allowance being 

made for some increase in heating surface of the watertube boilers. In a merchant vessel 

the installations, Group I, could occupy more space athwartships, as the beam would be 

greater than here shown. 

Taste I, Group I1—Particulars of Machinery. 

(A) (B) (C) (D)) (D2) 
Diesel Direct Geared : : 
electric Diesel turbines S. S. triple T. S. triple 

MaimvEnginesma ee tere eer 4-600 B. H. P. | 2-1000 B.H.P.|1-H.P. &1-L.P.| 1-2000 S.H.P. | 2-1000 S.H.P. 
Engs. turbine driving 

4-410 K. W., 6 cyls. one single re- 
250 V., duction gear 

250 R.P.M. gens 4 cycle 
2-1000 H.P. 
D. C. Motors 

MaimnBotlers——N Ovi vte rte errr el ocecenet lee atcieeasieccien 2 2 2 

OS AUG aia oc bietvbre TIA See Gio BGA Hal aeMeramia a pig aoa Baa o picieran hea ceo B. &W. or S. | B. & W. orS. | B. & W. orS. 

Steamipressi tl bss wbcecavVaer ac |Mereiac eerie ceiinistertetreiaar 250 200 200 

Steamjpress. lbs: uocotchiernl a eyavee iver act iceriicter crocs 220 200 200 

Donkey Boiler—No. and type... 1 Scotch 1 Scotch 1 Vert. 1 Vert. 1 Vert. 

Type of auxiliaries............ Electric Electric Steam Steam Steam 

R. P. M.—propeller........... 120 125 90 70 100 

Chili dab sa dadoncennenanues 2000 2000 2000 2000 2000 

M. E. P.—based on I. H. P...|............... 96.5 panoessosooodon|) Biota ges | Osh nal, 1b.) 

2 Su lel, We R Sap agalatenes aicentaers : BUDS a EUs t oe ware 92 .92 atio HP. 65 7 

Oil per S. H. P. perhr., lbs... 55 50 .95 1.10 1.20 
(all purposes ) 

Weight and space: 

Propel. mach., dry tons...... 571 436 325 (4) 375 (6) 362 (4) 
370 (s) 429 (5) 425 (s) 

Propel. mach., Ibs. , per S.H.P. 640 488 364 (4) 420 (6) 406 (4) 
415 (s) 480 (s) 476 (s) 

Propel. mach., wet tons...... 582 447 344 (6) 394 (4) 382 (6) 
422 (s) 493 (5) 492 (s) 

Propel.mach.,wetlbs., perS.H.P. 650 500 385 (4) 441 (4) 428 (4) 
472 (s) 502 (s) 550 (5) 

Length machy. space, fore and aft 60’ 6” 55” 0” 53” 6” 53/ 67 51’ 3” 

Relative mach. costs .......... 1.70 1.58 1.00 875 (4) 86 (4) 
876 (s) 86 (s) 

(6) With Babcock and Wilcox boilers. 
(s) With single and Scotch boilers, 
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Taste II, Group Il—Particulars of Machinery 

(A) (B) (c) (D) (2) 
Diesel Direct Geared S. S. turbo- 
electric Diesel - turbines S. S. quad. electric 

WVIAC EERENES. oi sieisie\sis.oie gisceieiaraie 5-600 B. H. P. | 2-1300 B. H. |1-H.P. & 1-L.P.| 1-2600 S. H. P. | 1-Gen. 3000 R. 
Engs. turbine driving P. M., 2300 V. 

5-410 K.W., 6 cyl. single red. gear 1 induction 
250 V., motor 

250 R.P.M.gens.| 4 cycle 
1-2600 H. P 
D. C. Motor 

CTE BUH EOS Gesenios ce so08c|bad coo aoae dono sonondooocccdo 3 3 3 

TW Ogoanonced bo oduSTotndd ol da otacenoco sadn! Ac Bone Ccbages B. & W. or S. | B.& W. orS. | B. & W. orS. 

Steam press:, Ibas, Bia Sc) Weil ce nice csc scle|senssiciies sims 250 250 250 at ee F. 
S (d 

CYcEGn fenckth, Leth, SRG Gonlbospoenepecsuadlboouuadacugdec 220 220 220 at 150° F. 
S (4) 

Donkey: Boiler—No. and type... . 1 Scotch 1 Scotch 1 Vert. 1 Vert. : 1 Vert. 

Type of auxiliaries............ Electric Electric Steam Steam Electric 

R. P. M.—propeller .......... 90 115 90 70 100 

SHIH Biae eter seissicicies sas 2600 2600 2600 2600 2600 

M. E. P.—based on I.H.P.....)............... 90.5 Mievcinlaeiel elses vere DOR Teka Laser 

uSU HB 
Radio LHP 65 B24) maniacs Cieenateys 92 

Oil per S. H. P. per hr., Ibs.... 55 50 95 1.00 -90 

Weight and space: ; 

Propel. mach., dry, tot. tons. . 640 626, 373 (4) 497 (4) 387 (6) 
|  ABL (5) 585 (s) 475 (s) 

Propel. mach., Ibs. per S.H.P. 500 540 321 (4) 428 (6) 333 (6) 
397 (s) 504 (5) 409 (s) 

Propel. mach., wet, tot. tons. . 652 638 397 (6) 821 (4) 410 (4) 
528 (s) 653 (5): 539 (s) 

Propel. mach., lbs. per S.H.P. 563 500 343 (4) 450 (4) 304 (4) 
455 (5) 563 (s) 465 (5) 

Length machy. space, fore and aft, 827 97 86’ 97 85’ 3” (4) 85’ 37 (4) 85/ 3” (4) 
82/ 9” (s) 82/ 9” (s) 82’ 9” (s) 

Relative mach. costs........... 1.90 163 1.00 (4) 1.09 (4) 1.23 (4) 
i .97 (s) 1.10 (s) 1.21 (s) 

(d) Service conditions—superheaters designed for 200° F. 
(6) With Babcock and Wilcox boilers. 
(s) With single end Scotch boilers. 

The principal points of total propelling machinery weights, which include auxiliaries, 

piping, engine and fire room floor plates, ladders and gratings, water, etc., weight per 

S. H. P., relative costs, fore and ait, space required for the machinery installations, fuel con- 

sumptions, etc., are plotted as indicated in Fig. 7, Plate 22. 

These data, it will be seen, vary somewhat from those of Mr. Thau, particularly in 

regard to weight and costs for Diesel electric machinery. Table III, compiled from Tables 
I and II, indicates that the comparison of wet weights, costs, fuel per day and space re- 

quired, based on the geared turbines with watertube boilers, all as outlined under groups 

I and II, are as follows: 
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Tasie III. 

Relative Data, Group I. 

(C) (D2) 

SHEE Suara bet : 3 1.00 (4) 1.15 (6) 1.11 (4) 
1.23 (s) 1.43 (s) 1.43 (s) 

FS OU CSG Oi a eer aera 1.00 0.875 0.86 

Fuel consumption at sea....... 1.00 1.16 1.26 

Fore and aft space ............ 1.00 1.00 0.96 

Relative Data, Group II. 

(4) (B) (C) 

Wet weight .................. 1.64 1.61 1.00 (4) 
1.33 (5) 

Cost eneyoe tia cierscte ake Memiaemters 1.90 1.63 1.00 (4) 
0.97 (s) 

Fuel consumption at sea....... 0.58 0. 53 1.00 

Fore and aft space............ 0.97 1.02 1.00 (4) 1.00 (4) 
0.97 (5) 0.97 (s) 

[PEEL Sh eo ae 

(6) With Babcock and Wilcox boilers. 
(s) With Scotch boilers. 

It is of course known that the weights and other characteristics of machinery con- 

structed by different builders vary considerably, which doubtless accounts for much of the 

difference between the conclusions of Mr. Thau and the above. 

These tables also indicate what is well known but often overlooked—that small engines 

and machinery generally weigh less per horse-power than large machinery. These figures, 

for the entire machinery installations, also generally correspond in this respect. 

With the conditions in merchant work such as to permit of building machinery on a man- 

ufacturing basis, development would take place resulting in many improvements, and it is 

conceivable that the relative improvement would favor the Diesel electric installation. 

The above outline installations are conservative in design and follow moderate prac- 

tice. We know that some features of value might be incorporated to show more favorable 

results in a discussion of this character, such, for example, as greater steam pressures, higher 

superheat, double reduction gears, etc., but such installations require more careful operation. 

and while they may show theoretically better results, under the ordinary prevailing condi- 

tions, we would not now recommend them except where they are to be operated with the re- 

quired knowledge and care. 

In regard to fuel, with the present development and conditions it is frequently neces- 

sary to pay from 40 to 50 per cent more for Diesel engine fuel than for steaming oil fuel, 

depending upon the trade. New advances are modifying these conditions. 

It will be understood that other arrangements in dissimilar vessels will work out some- 
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what differently, but the foregoing indicates substantially the condition in the arrangements 
described. 

It is quite apparent that the comparative advantages of Diesel propelling machinery or 
Diesel electric machinery are considerably less in installations for oil tankers, owing to the 

large amount of steam required for heating heavy oils during the voyage and when 
discharging. 

There are many other vital points brought out in Mr. Thau’s paper upon which I have 
not had time to prepare a discussion. 

I consider that the Society is fortunate in being able to incorporate in its proceedings 

the valuable paper presented by Mr. Thau. 

Mr. Witi1am W. Situ, Member:—Mr. President and gentlemen, on page 108 the 

author states that economically a geared turbine drive is generally more efficient than an elec- 

tric drive. I have also found this to be true, the saving in steam consumption in favor of 

the geared-turbine machinery being from 4 to 8 per cent. This feature is of especial import- 

ance, because statements to the contrary have been made frequently. 

It is also pointed out on this page that geared turbine machinery can use high degree 

superheat. This is also a fact. Some fairly large passenger steamers with geared turbine 

machinery using 200 degrees superheat have recently been put in service by the Cunard and 

other leading British steamship lines. It is important to point out here, also, that misleading 

statements as to the inability of geared turbines to use high degree superheat have frequently 

been made. 

We have made a number of designs for different types of machinery, but have not found 

the differences in space referred to by the author. We have found that all of the types re- 

ferred to occupy about the same space except the turbine-electric machinery, which requires 

more space, and especially when the motor is located aft. I might add that where the motor 

is located aft, I do not think it is permissible to eliminate the shaft alley. I do not quite 

agree with some other gentlemen in this respect. I think it is essential for the engineer to be 

able to visit the motor room easily and frequently without having to go up on deck and 
make an excursion such as I had to make on an electric ship not long ago. 

The author refers to the saving effected by eliminating the boilers, but neglects to say 

that Diesel machinery is far larger and heavier than the remaining machinery. The pic- 

ture of eliminating boilers, and pointing out the rest of the machinery as comparable with 

Diesel engines as to weight, space and cost, is often described. This, however, is far from 

the facts, since the Diesel engine installations occupy about the same space, and weigh nearly 

twice as much as a complete steam installation including boilers. 

On page 109, the author’s statement as to the cost of the various types of installations 

is at variance with my experience. I have found the cost per shaft horse-power of complete 

machinery installations of cargo vessels of ordinary size to be relatively about as follows: 

1. Geared turbine vessels—50 degrees superheat .................... $122 

2. Steam engines—saturated steam ......... 00.00. ccc cee eee eee 132 

3. Diesel engine—direct drive, twin screw .............0..0000e eee 240 

4. Diesel engine—electric drive, twin screw ............00ccceeeeeeee 260 

Variations in designs and conditions would modify these figures somewhat. This would 
apply to modifying item 4 to single screw. As the size of vessel decreases, the direct-drive 

Diesel installation works out to better advantage. 
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Referring to the table on page 110 and to the number of men allowed for the Diesel elec- 

tric, I should say that this class of machinery would require at least as many men as other 

types. 
I understand from the paragraph on maintenance that the Diesel electric is supposed to 

be less expensive. This, I think, is very doubtful. My experience with marine machinery is 

that high-speed reciprocating engines are more expensive in maintenance and are avoided for 

this reason. Certainly the slow-speed engine is the one most favored for reliability and low 

maintenance. I do not think many marine engineers will accept the author’s appraisal of 

this item, which at best is a very uncertain one. 

Referring to performance characteristics on page 109, I wish to call especial attention to 

one feature of electric drive machinery which I think is very much cver-rated and over- 

advertised—that is, its backing and maneuvering qualities. (It may be noted here that direct- 

turbine drive installations are not considered in the following or at all in this discussion. ) 

About the only time when the full backing power of the ordinary ship is required is 

when stopping in emergency at full speed or nearly full speed. I will therefore consider only 

this latter condition, because the ordinary requirements of backing are fully met by all of the 

types of machinery under discussion. 

Many persons seem to have a misconception as to the backing power of the ordinary 

steam engine. It is supposed that the engine develops 100 per cent full power when stopping 

at full speed. This is not the fact; only about half of the full power is developed. (See 

tests of U. S. S. Delaware, Birmingham, Salem, etc.) 

This is due to the fact that, when wide open in either direction, the m. e. p. and the 

torque of the engine are approximately the same. Dut to the characteristics of the propeller 

in reversing, the full torque gives an average r. p. m. in stopping only half of the ahead 

r. p.m. Consequently, the astern power is only half of the ahead power. In this connection, 

it would appear better to refer to backing torque instead of backing power. 

The torque of turbine increases as the speed decreases, and it is also possible to allow 

an increased steam flow for emergency reversal, which, as is well known, is required very 

seldom indeed; consequently properly designed astern turbines will develop from 75 to 100 

per cent of the ahead full torque when required. This has been proven to be quite ample; 

which is a point which is well to keep in mind before making assertions to the contrary. The 

above refers to compound reversing geared turbines. 

It is also well to keep in mind that the thrust of the propeller under such conditions de- 

pends as much on the size of the wheel as on the torque applied to it. Consequently the large, 

slow wheel of a geared turbine may retard more than a smaller and faster wheel of an elec- 

tric drive. I mention this because we are nearly always urged to use from 20 to 40 per 

cent higher propeller speed for electric motor drives than for other types to reduce the size, 

weight and cost of the motor. 

I believe that the motors of electric drives are good for a reversing torque of one and 

one-half times the ahead full torque, the pull-out torque being double. In order to obtain 

the superior performance referred to by the author and others a torque of one and one- 

quarter to one and one-half times the full torque is imposed on the motor in reversing. This 

results in one of two effects: Either the normally designed shafting, propeller, etc., are 

stressed beyond the safe limit; or the shafting, etc., must be increased in size, weight, and 

cost to allow for about 50 per cent more strength. 

It is my opinion, from careful observation and study of this subject, that this feature is 
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unnecessary and undesirable for ordinary vessels. I think the shafting, etc., should be de- 

signed as usual and the motor torque limited so as not to exceed the maximum designed 

stress. With such an installation, there would be practically no difference in the possible 
backing torques of different types. In this connection, I may call attention to the fact that 

the full backing power of steam engines and steam turbines is seldom used, and especially on 

vessels of high power, for the reason that heavy vibrations are set up. In very high-powered 

vessels these vibrations are unusually violent; so much so that I doubt the wisdom of apply- 
ing even the full torque to vessels such as scout and battle cruisers. 

In general, the backing power of steam engines and compound geared turbines is ample; 

it meets the requirements, and no more has been called for. Consequently, I fail to see the 

advantage of giving more than is needed or used. 

On page 119, also, the author refers to the superior maneuvering qualities for naval ves- 
sels. Rapidity of reversal is a point often referred to in this connection. This advantage 

does not appear to be of great importance, since all types can be handled quicker than they 

usually are. Also, all types can be reversed in 10 to 20 seconds, which is satisfactory, con- 

sidering that the propellers must act for a considerable period of time to overcome the mo- 

mentum of the ship. 

In general, I consider the superior backing and maneuvering qualities of electric drive 

as largely theoretical, and believe there is little if any real practical advantage for ordinary 
vessels. 

On page 118, the author states that the Diesel electric is superior in fuel consumption 

weight, etc., to other types. I have not found this to be the fact, and am giving particulars 
in Table I to show that there is a wide difference between this data and the author’s opin- 

ions. In general, I think the author’s claims and conclusions would be more convincing if 

specific data had been given. Specific and accurate comparisons are the best methods of de- 

termining which is the best type of machinery for a particular vessel and service, and this 

method is suggested to the shipowner who has to choose a new type of machinery. Also, 

if fair and reliable comparisons of this kind are published, there will be much less room for 
differences of opinion. 

Referring to page 118, the author’s views as to the advantages of the Diesel electric over 
the direct-drive Diesel are not concurred in. I should say that the direct drive is more reli- 

able due to the lower r. p. m. I cannot see the alleged advantage in maneuvering. The 

absence of engine reversing gear is more than made up by switchboards, switching gear, 

etc. I find no advantage in propeller application except the additional complication when 

twin screws are used. In this connection, the trend seems to be towards single-screw en- 

gines. I also fail to see the advantages in reserve power and maintenance. In the designs 
which I have handled, the reserve power of the Diesel electric has been more closely limited 

than in any other type. 

The author states that the engines are designed and built on the same conservative basis 

as direct-drive Diesels. His views in regard to conservative designs and revolutions are 

evidently at variance with those of most marine engineers. It is the general view that low- 

revolution engines are the more reliable. I do not think engines at 250 to 350 r. p. m. will be 

accepted as equally as conservative as engines at 75 to 125 r. p.m. In general, the use of 

high-speed engines is regarded as questionable, and they are considered as not sufficiently 

conservative. 
If a high-speed engine should prove desirable because of weight, cost, etc., it would seem 
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that the mechanical gear offers a better solution of the speed-reduction problem than the elec- 

trical. It is far lighter, cheaper and more efficient. I note that a new vessel for the Ham- 

burg-American Line (the Havelland) is being equipped with such an installation. It may be 

pointed out, however, that there may be special reasons for making this selection. 

In connection with the use of high-speed Diesel engines, two of the oldest and most ex- 

perienced builders of marine Diesel engines do not advocate this application, although they 

build high-speed engines. 

Referring to page 118, we estimate that the fuel consumption of the Diesel electric will 

be from 12 to 15 per cent more than the direct drive, and that the propulsive efficiencies will 

be approximately equal. 

In the general summary, page 118, the author states that the Diesel electric weighs less 

and costs less than any other type, which, as pointed out above, does not agree with our data. 

On page 119 the author states that geared turbines are better for destroyers and scouts 

than electric drive. Since the former type of machine is superior for such vessels, it is not 
clear to me why this superiority disappears when it comes to battleships and battle cruisers. 

The following seems to be established: 

1. The electric-drive machinery weighs from 75 to 100 per cent more than the corre- 

sponding geared turbines and costs about in the same proportion. 

2. The steam consumption of the electric drive is from 4 to 8 per cent more at full 

speed, the boilers and auxiliaries being heavier to a slightly less extent. 

To offset these, the advantages claimed for the electric machinery do not seem to be 

very substantial. The above are measurable and tangible advantages for the geared tur- 

bine, which are opposed to a number of rather intangible ones for the electric drive, which 

to me do not seem to be of equal importance. 

In this connection it is interesting to note that the British battle cruiser Hood is equipped 

with geared turbines which develop 150,000 horse-power. The machinery of this vessel has 

been a marked success. It would be of special interest to compare the machinery of this vessel 

with the electrically driven machinery of our vessels. 

As noted in the beginning, the essence of this paper is electric drive. Electric-drive ma- 

chinery is a splendid engineering achievement, and its mechanical operation is, without doubt, 
superior to mechanical gearing. The absence of meshing teeth and the smooth, flexible oper- 

ation appeal to the engineer. However, these features are not the chief ones in deciding the 

type of transmission. The selection of the best type is largely a matter of economics. We 

must be guided by comparative data and statistics as to first cost, weight, fuel consumption, 

cost of operation, etc. These hard, cold facts will largely decide the best type. 
I have made a great many investigations and comparisons of these transmissions, and so 

far the results have always shown the mechanical-gear machinery to be superior to the elec- 

tric. In fact, the advantage has been found to be very large, so much so that the elimination 

of electric transmission except in special cases is indicated. 

Personally, and as an engineer, I like the operation of electric transmission and will ad- 

vocate its use whenever it is warranted. I am not opposed to electric drive, but 1 am opposed 

to attributing to it advantages which it does not possess. 

In closing, I may say that American ships must have the most economic type of ma- 

chinery so as to meet competition, and our purpose in the analysis and selection of machinery 

should be the accomplishment of this end. 
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TABLE I. 

Steam Geared Direct-drive Diesel 
engine turbine Diesel electric 

OMEN UUMIBE TOL ‘SCKE WS) s/5j.¢s:«:sfereia aleniaeieleteremvelsssis 1 1 2 2 

Zo. | Sn) Od Sat Seer enaneeaOie iota ca So aca bine 2, 700 2, 600 2, 600 2, 000 

Jenne. M—propeller’ ... o's jccosshresen tetas. 80 80 115 120 

4. Fuel consumption, lbs. of oil per S. H. P. 
(alli purposes)P ieee ences iestereacioe ote 1.30 

5. Weight of all engines and boiler-room ma- 
chinery—wet, tons .........0..0cseenees 627 

6. Weight per S. H. P.—Ibs................. 509 

7. Cost of machinery ................0-- 0000: $355, 650 $319, 000 $625, 700 $526, 000 

8. Cost of machinery, $ per S. H. P........... 132.0 122.5 241.0 263.0 

* Good for 10 per cent more continuously. 
} Represents good average performance; 5.7 per cent can be deducted for high performance. 

Captain Q. B. Newman, U. S. Coast Guard, Member:—I wish to speak briefly on 
one application of the electric drive with which the Coast Guard has recently had, and is 
now having, some new experience—the turbo-electric synchronous motor drive. The coast- 
guard cutter Tampa was the first ship in the world for which a synchronous motor was ever 

proposed. When this type of drive was first suggested to us, and we began to look into it, 

we found that it appeared doubtful whether the synchronous motor would maneuver under the 

conditions that are met with in a ship—that is, whether it would start under a heavy load. In 

order to determine that point we asked the General Electric Company to build an experi- 
mental set and simulate ship conditions as nearly as they could. They built a 300-kilowatt set, 

which they coupled to a direct-current generator, and by that means they could put on any 

load they pleased. This apparatus was subjected to all the tests we could think of, and it 

maneuvered perfectly. Then we tried to wreck it by doing things wrong, but found it impos- 

sible to do any damage, and so we decided it was a pretty good motor. We had no way of 

determining whether, in a seaway with a racing propeller, when the load is suddenly thrown 

off and suddenly reapplied, the motor might not fall out of step. So far we have not had an 

opportunity to determine that. The Tampa was built in Oakland, California, at the works of 

the Union Construction Company, and has made only one cruise, from San Francisco to New 

York, and the captain says he encountered no bad weather on the voyage to test that. How- 
ever, we have no apprehension on that subject. 

The Tampa is 240 feet long over all, 39 feet beam, and about 14 feet mean draught, 

1,640 tons displacement, and has a block coefficient of 0.4765. She has 16 knots speed, and 

will do better than 2,600 horse-power. 

The chief advantage of the synchronous motor (which Mr. Emmet has already men- 

tioned) is the matter of accessibility for repairs. By the removal of the pole pieces on the 

rotor, any part of the motor can be repaired without lifting anything heavier than one single 

pole piece. I do not anticipate that we shall have to repair the motor, but in case we should 

have to do so, all parts are easily accessible without lifting any weights. 

The matter of weight was the determining factor in our selection of this type of motor. 
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We looked into the induction motor, but the lines of the ship were all fine, and she would not 

carry the weight; and the lines of the appropriation were still finer, and they would not carry 

the cost, and the synchronous motor was automatically selected. The results we have ob- 

tained are not at all conclusive so far as fuel consumption is concerned. The results vary 

radically. We hope in the course of time to get some reliable information, and that will be 

published. As a basis of comparison, I will say on this ship we have installed two Babcock 
and Wilcox boilers built for installation in mine sweepers. The mine-sweeper contracts 

were cancelled, and the Navy then sold us the boilers for installation in these ships. We put 

on superheaters, and I believe we used higher air pressure than the Navy intended to be used 

on the mine sweepers. They were designed to develop 1,400 indicated horse-power on triple 

expansion, which I think is about 1,300 shaft horse-power. The Tampa has developed 2,900 

shaft horse-power, a good deal more than 100 per cent over the estimated power of the mine 

sweepers. There is a difference to be expected in the economy of reciprocating and turbo- 

electric drive, but whether we should take this as a basis of comparison between the recipro- 

cating engine and the turbo-electric ship, I am not prepared to say. 

Our first requirement in the Coast Guard, I should say, is responsiveness, because the 

matter of maneuvering is of the first importance. It may not be so with the merchant ship, 

but we were very much interested to know how quickly we can get a response to a signal 

from the bridge. It has been found on a number of occasions, with the ship going at 15 

knots speed, the motor will reverse in eleven seconds from the time the signal is given from 

the bridge. At that speed the ship can be brought dead in a little more than her own length. 

In backing and filling the response is instantaneous—you cannot tell when it starts. 

There is one point that Mr. Thau brings out, in connection with synchronous motors, 

that I do not quite agree with. He says thatthe synchronous motor is a more complicated 

mechanism. If you eliminate the ordinary squirrel-cage induction motor, which I have never 

heard proposed for ship propulsion, the synchronous motor seems to me simpler than any 

other type of induction motor—that is, a motor in which you have external secondary resist- 

ance. You have a squirrel-cage winding for maneuvering, and for a full power run you have 

an ordinary direct-current field, the same, in most respects, as the generator field. Where it 

differs at all is in the line of being more readily repaired, but the same sort of connections 

and switches and apparatus in general applies to both the generator and the motor. I believe 

the synchronous motor to be a simpler machine than the induction motor with external 

resistance. 

The Tampa, as was announced this morning, is now lying at Pier 59, at the foot of 18th 
Street, North River, and she will be open all today and tomorrow for inspection, and we 

hope as many as can will go down and inspect the ship. 

A few words on the control. The handling gear consists of two levers, one being the 

direction lever and the other the steam lever. A man who can take charge of an installa- 

tion with ordinary reciprocating engines can go on board and handle this ship without addi- 

tional instructions. 

The switches are operated on solenoids, but provision is also made for manual opera- 

tion in case the solenoids are thrown out of operation. It is impossible to perform any oper- 

ation out of its order. You cannot throw on or off the main circuit when the fields are ex- 

cited, and you cannot throw on or off the fields if the main circuits are open; and so it is a very 

safe sort of thing so far as a man’s being excited in an emergency and doing the wrong 

thing—you cannot do the wrong thing. 
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Mr. Ernest H. B. ANpErson, Member:—This paper has resulted in bringing out 

many interesting points during its discussion, but it seems to me that Mr. Thau has given 

the Society no definite information regarding the fuel consumption performance of steam 

electric-geared vessels. 

There must be a great deal of data available, and there is too much doubt about the fuel 

consumption performance of such ships; this applies to naval vessels and also to ships of the 

merchant marine. 

For instance, there are eleven freighters which are having the original mechanical geared 

turbines replaced by electric gearing. The first of these, the Eclipse, has completed a voyage 

of 26,000 miles and, as far as one can learn, the machinery worked splendidly throughout 

the voyage, but nothing reliable has been published regarding the fuel consumption. Com- 

petent authorities who have had an opportunity of studying the “engine-room log”’ state 

that the oil fuel consumed by the main engines and auxiliary machinery averaged about 1.30 

pounds per S. H. P. per hour. Further, it should not be overlooked that the boilers were 

equipped with superheaters giving 200° F., and in view of this the reported performance of the 

machinery is poor. 

A double-reduction geared steam-turbine vessel operating under the same conditions has 

a fuel consumption of 0.90 pound of oil per S. H. P. per hour for all purposes. 

It seems to me that the builders of the electrical machinery in these freighters did not 

quite do justice to the system they were advocating, for it was necessary to increase the revo- 

lutions of the propeller from 90 to 100 per minute, which is hardly suitable for a freighter 

of 16,000 tons, displacement and sea speed of 10.50 knots. Shaft revolutions of 75 to 80 

would have ensured a much better performance, but to accomplish this mechanical gearing 

of the single-reduction type would require to be arranged between the propelling motor and 

line shafting. This arrangement was adopted by Llungstrom in the vessels Mjolner and 

Wulsty Castle, where two motors are in parallel, each driving a pinion in mesh with one 

gear wheel. 
Dealing with warships, in view of the great interest taken in the machinery installa- 

tions of the battleships New Mexico and Idaho, Nos. 40 and 42, respectively, Plate 23 shows 

a plan view of the propelling machinery, and it will be seen that the engine-room spaces in 

these two ships are alike, but the propeller revolutions at the designed power and speed in the 

New Mexico are 170 per minute, whereas in the Idaho they are 240 per minute. Needless 

to say, the slow-turning propellers of the former have a considerable advantage over the latter. 

Whilst bids for battleships Nos. 40, 41 and 42 were in hand during 1914, geared-turbine 

machinery was making rapid progress, and we submitted alternative proposals with this type 

to the shipbuilders, and two firms offered to build these battleships with geared turbines driv- 

ing four shafts, as shown on Plate 24. 
Battleships Nos. 43 and 44, Tennessee and California, were designed during 1915, hav- 

ing a four-shaft arrangement of “electric gearing” for the propelling equipment, in which the 

machinery arrangement is absolutely novel as compared with all previous battleships. 

We submitted alternative propositions to the Navy Department, but it is almost impos- 

sible to install or arrange mechanical geared steam-turbine machinery in spaces specially de- 

signed to suit “electric gearing.” 

Plate 25 shows a plan view of the Tennessee and California arrangement of machinery 

and a proposal having twin screws, driven by two sets of Parsons single-reduction geared 

steam turbines. The revolutions of the electric-geared ships are 170 per minute, whereas 

in the twin-screw turbine proposal they are 125 per minute. 
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On referring to the plan view of the electric geared machinery, it will be seen that there 
are two central compartments, each of which contains a complete turbo-generator and the 

various auxiliary machinery. There are eight boilers divided into two groups, four being 

arranged in separate compartments on each side of the turbo-generator spaces, the total width 

of the machinery spaces being approximately 61 feet. The uptakes from the four boilers are 

led to two funnels, arranged on the center line of vessel and directly above the turbo-genera- 

tor compartments. 

Multiple shaft arrangements of machinery came into use solely to suit direct-driven 

steam turbines, and it is rather curious that the electrical firms merely copied a type that was 

never considered suitable for battleships of 28,000 S. H. P. to 32,000 S. H. P. by many naval 

constructors and naval engineers in Washington. 

Referring again to Mr. Thau’s paper, electric gearing has its limitations just as well as 

all other forms of propelling machinery ; among these may be mentioned : 

Backing qualities. Experience has shown that it is not necessary to have more than 60 

per cent astern power, and it is overlooked by many that it is “stopping qualities” which are 

required. In other words, two large-diameter slow-turning propellers will bring any large 

vessel to rest quicker than four fast-turning propellers which at all high speeds of revolution 

do not take a grip on the water but tend to cavitate in a vortex. 

The electric-geared battleship does not maneuver or go-astern with full “ahead” shaft 

horse-power. I believe it is now an official order in the Navy that all maneuvering has to be 

carried out with one turbo-generator transmitting current to the four propellers in parallel. 

This limits the maneuvering capabilities to a large extent, for all propellers must re- 

volve at the same speed, if in operation. For instance, the two port propellers cannot run at 

maximum speed “ahead” whilst the starboard propellers revolve “slow astern.” A complete 

explanation for this limitation when manuevering will be found in a paper published in the 

Journal of the American Society of Naval Engineers, August, 1921, in the article “Pro- 

pulsion Wiring Circuits, U. S. S. New Mexico,” under the sub-title “The Steam Limit De- 

vice” on pages 509-511. 

Weights, space and economy are all in favor of mechanical geared turbine machinery, 

but until further data are available regarding these items in connection with electric gearing 

in war vessels, it is useless to attempt to discuss these features. 

The battleship North Dakota, built in 1909, has had the original direct-driven twin tur- 

bines replaced by twin sets of single-reduction Parsons geared turbines, and the new machin- 

ery has resulted in a gain of 31 per cent in fuel consumption at all speeds. For further in- 

formation on this point, reference should be made to the report of the Engineer-in-Chief, 

U.S. N., for 1919. 

I should also like to mention that this new machinery effected a saving of at least 50 

per cent in the weight, went into the same engine-room space with very few changes, and 

has done very well ever since the vessel went back into commission. Further, this replace- 

ment could not have been carried out with any of the present forms of electric gearing. 

Referring to the data accompanying the performance of the New Mexico and the so- 

called sister ships, I think the author cannot have realized that these figures were quoted in a 

paper read by Mr. Eskel Berg at a meeting of A. I. E. E. during May of this year. Mr. 
Berg gave the source of his information; the data were submitted to the editor of Marine 

Engineering and published in an editorial in the issue of May, 1920, entitled “Two Years 
of Electric Propulsion on New Mexico.” 

I shall not comment further on this point but suggest that anyone who is interested in 
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the question obtain the August, 1920, issue of that journal and see the other view, in the article 

“U.S. Battleships of the Year 1914 and Later Classes.” 

I was much interested in listening to Captain Newman’s remarks regarding the per- 

formance of the new coast guard cutters, but unfortunately very little was said regarding 

the actual fuel performance of the electric geared machinery. 

The Army and Navy Register, in its issue of September 10, gave particulars of the 

trials of the U. S. S. Tampa. It was a short article and one paragraph read as follows: 

U. S. S. Tampa. 

STANDARDIZATION RUNS. 
Knots. Revolutions. 

8 60 

10.50 80 

11.80 90 

14.20 110 

16.20 128 

“The total fuel consumed on the four-hour run was 2,008 gallons. The consumption 

was high on account of unsatisfactory pump operation.” That is all. As Captain Newman 

stated, the contract conditions of the vessel were as follows: Knots, 16.00; S. H. P., 2,600; 

revolutions, 130. There are superheaters also installed on these vessels, and if you use the 

design figures as a basis, you will find that the fuel consumption averages about 1.35 pounds 

of oil per S. H. P. per hour for all purposes. 

President Capps in the chair. 

Mr. ELMER A. Sperry, Member:—The Society is certainly to be congratulated upon 

the paper by Mr. Thau as making a substantial contribution to our Transactions. 

The paper devotes considerable space to Diesel-electric transmission. We all appreciate 

the suitability of the turbo-electric drive, where the turbine needs assistance in the fact that 
it will only run one way and is almost impossible when asked to go through severe maneu- 

vers. But with the Diesel or oil engine the matter is entirely different. Here we have an 

arrangement which will run one way as well as the other, and in quick reversing may be 

made about the equal of the reciprocating steam engine. 

In the case of the oil engine the greatest problem is simplified over the turbine in two 

ways. The speed is lower, and the other important difference is that the oil engine gives 

full and quick reversing, so we do not need the electric plant for the purpose of reversing, 

as we do with the turbine. 
We should look at this matter squarely. The electric propulsion of ships is good and 

should be used if we do not know any better way. However I, for one, believe that there is 

a better way in the heavy duty air-gap drive that has now been under test for upwards of two 

years, and I give fair warning that this may be found to entirely supersede the electric pro- 

pulsion of ships. It makes a number of substantial contributions, not the least of which is 

the opening up of new fields of usefulness for reciprocating oil engines by permitting gear- 

ing, and comparatively inexpensive gearing, to be directly driven therefrom under conditions 

of practically no wear and with entire success. 
Many attempts have been made to drive gears with reciprocating engines, but the 

crank-whip and general thrash due to the irregularities in the crank effort have inter- 
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vened and over-stressed the material at the surface of the teeth, causing pitting and peening 

and early destruction of the gear. The thrashing soon causes them to run so roughly as to be- 

come impossible. Examination indicates that not only the positive side, but also the negative 
faces of the teeth are pitted and peened and receive serious wear. After years in which the 

struggle was practically given up, it has suddenly reached a complete solution in the en- 

deavor to secure extreme lightness in very large aircraft engines of 1,000 horse-power or 

more, where engine speeds have had to be pushed considerably beyond the economic speed 

of the air propeller. 

At this juncture an Italian engineer, Pomellio, found a very complete solution. He 

divorces the pinion from the mass moments of the crank and allows the latter to “run wild,” 

the pinion being driven through an elastic link (see Fig. 1, Plate 26). This is found to com- 

pletely smooth out the action so as to make the gear drive perfectly successful. The elastic link 

does not require highly organized gears, simply spiral toothed spur gears of rather coarse pitch 

which are found to show no wear, contact on the positive side only, the negative faces nof 

even indicating contact. 

Fig. 1 shows the crank shaft of a heavy airplane motor below and the short, hollow pro- 

peller shaft above. The engine shaft operates a broad-faced pinion driving the gear, 

plainly to be seen on the upper shaft. The peculiarity of this drive is that, rigidly mounted 

on the conical end of the engine shaft is a slender hub terminating at the extreme right in 

a thin disc with deep gear teeth of peculiar shape cut in its broadened periphery, shown also 

in elevation in the detailed quadrant in the little view below and to the left. The pinion is 

mounted independently of the crank shaft on heavy ball bearings, plainly to be seen in the 

lower part of the figure, and the only connection between them are 172 broad, highly tem- 

pered steel springs entering the teeth in the shape of radial hairpins, each held on two pintles. 

The thrash of the crank shaft is taken up completely by the springing back and forth on the 

part of the 172 sheet steel leaves, allowing the pinion full freedom to accommodate 

itself entirely to its master gear on the upper shaft. The smoothness of the operation of 

this arrangement leaves little to be desired. 

There are two forms of the elastic link available for this purpose—the magnetic and the 

mechanical. The latter, though extremely highly organized and made up from a great many 

pieces, is lighter and better suited for aeronautical work. So entirely successful are these 

geared reciprocating sets in the larger geared engines that one is now coming forward of 

1,600 horse-power, all rendered possible by a complete separation of the crank shaft and the 

pinion teeth, which are thus safeguarded completely from the thrashing of the crank shaft. 

The above method is not the one used in power plants of ships, because we have a better 

and more complete elastic link in the magnetic air-gap drive. Besides, this drive makes a 

number of other important contributions in connection with ships’ plants, but I have dwelt 

in some detail upon the above hairpin drive to emphasize the point that whenever the pinion 

is given full freedom, gears operated by reciprocating oil engines are perfectly successful and 

are now available, this having received complete demonstration under service conditions. 

The magnetic form of the elastic link is much simpler, having two as compared to some 

260 parts in the mechanical drive. It also gives more complete and smoother operation. This 

is quite outside its important two-fold contribution in case of oil-engine ship propulsion, be- 

cause, while for the first time it renders comparatively inexpensive gearing entirely success- 

ful with reciprocating engines, it goes still farther and takes care of all fractional speeds in 

the lower range, where the Diesels are found to draw too heavily on the starting air re- 

serves. They run with good reliability at, say, one-quarter speed or below. Why go lower 
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when the magnetic air-gap clutch takes care perfectly of all fractional speeds even down to 

complete stopping of the tail shaft? 

The provocation for use of electric propulsion existing with turbines which will not re- 

verse and are involved in such destructive superheating troubles whenever they are forced tc 

go through this maneuver, does not exist with Diesels. The Diesel will run in either direc- 

tion equally well and responds perfectly and instantly to the reversing maneuver. 

As we all know, the reciprocating steam engine, barring foaming boilers and condensation 

troubles, makes by far the best engine for ship propulsion. It maneuvers perfectly and, while 

it has complete flexibility, yet it will give instantly full power astern or ahead at will. Com- 

pared with this performance, for instance, just what is supposed to be the contribution of 

Diesel-electric propulsion? 

1. It is supposed to give both the naval architect and engine builder complete freedom 

in design to employ the best speed for propeller and engine. This would be realized were it 

not for the fact that both the electric generators and motors are too heavy and expensive 

if these speeds are kept low, so there is a constant urge toward too high speeds and the actual 

plants are a compromise at best. This is not at all true with gears, where the lower speeds 

are encouraged. 

2. It gives divided prime mover units. Should an emergency arise, a part only of the 

plant is crippled. This is true with the gears and the air-gap clutches at a very great saving of 

weight, expense and space. Here a plurality of engines is always present. (See Fig. 5, 
Plate 27.) : 

3. Flexibility.—The Diesel will run with as great reliability as steam at all speeds but 

the lowest. Here the Diesels are found to draw too heavily on the starting air reserves, as 

stated, so they may be left running at full or fractional speeds while the electric transmission 

does the rest and allows the propeller shaft full range down to just turning over if necessary 

for slow headway. This is precisely the function of the loaded secondary in the air-gap 

clutch. The continuous operation at all fractional speeds is provided for and at many times 

the efficiency of the electric drive and without its weight and expense; and as to the impor- 

tant matter of space, with a plant located within the flywheel of the engine itself. 

4. It is supposed to make the farther doubtful contribution of avoiding reversing oil 

engines. Reversing Diesels were formerly so complex that there was little wonder that re- 

versing relief was sought in the electric plant, but this has now been done away with. For 

instance, the 32 cams for each four cylinders for full air starting and reverse has in the new 

engines been reduced to 5 and the problem no longer exists.* The maneuverability with these 

engines and the air-gap clutches accomplishes all that the full electric plant does, at a very 

great saving of plant and control equipment. 

Taking up the detailed construction of these clutches, a brief statement might be made 

as follows: 

The clutch is characterized by two kinds of torque operating by opposite phenomena; 
the greater the differential or relative velocity between the driver and driven parts (so indi- 

cated in Figs. 2 and 3, Plate 27), the greater the torque available for starting and for bring- 

ing up to synchronism. This phenomenon also provides for slipping and continuous operation 

at all fractional speeds by means of the loaded secondary effect acting as an induction motor. 

The electrical conductor in the loaded secondary is indicated by the large light masses in the 

driven rings separating the blackened masses, which indicate the magnetic inserts. (Fig. 3.) 

The air-gap clutch drives by means of magnetic flux. There are four elements in the 

*See author’s A. S. M. E. paper, “Compound Combustion Engines,’ Annual Meeting, 1921. 
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form of rings in the magnetic circuit, two of which are driving and two of which are driven. 

The flywheel proper accommodates an exciting coil (shown in Fig. 2) producing the mag- 

netic flux. At all fractional speeds, or while this clutch is slipping, large currents are gen- 

erated in the driven elements by magneto induction, which are now acting as short-circuited 

secondaries, producing heavy drag torques under perfect control by varying the amount of 

coil excitation. This is-plainly seen by the height of the curve at the right in Fig. 4, Plate 

27. However, when the speed comes up in the vicinity of synchronism, shown at the extreme 

left in Fig. 4, locking occurs and the parts assume the relative position shown to the right in 

Fig. 3, where enormous pull-out torques are present, as indicated by the height of the curve 

at the extreme left, as stated. 

In Fig. 5 the casing containing the low-speed gears is an entity by itself, especially with 

respect to any extreme alignment requirements with the engine. The air gaps in the flywheels 

allow of considerable leeway, both endwise and laterally. The pinions are mounted on hol- 

low quills, and complete flexibility is assured by the steel plate coupling located at the after 

end of each pinion. No amount of “weaving” of the foundations forming a part of the ship’s 

structure, in changing the alignment, will disturb the perfectly smooth running of these low- 

speed gears. 

With this clutch and the engine combination shown in Fig. 5, several very important 

advantages are secured: 

1. We have available on a single propeller all the advantages and flexibility of a multi- 

ple engine equipment, where one engine may be shut down and completely disconnected for 

inspection, valve grinding, etc., and yet the ship is going forward at three-quarters its nor- 

mal speed. 

2. We have the complete flexibility of the electric drive without the expense, weight and 

space of the electric generators and motors, as stated, and the cumbersome electric control 

equipment for handling the heavy currents in maneuvering, and the double losses of genera- 

tors and motors which are of substantial amount and a constant drag on plant and fuel 

economy. 
3. The simplest form of gear drive may be employed because the magnetic clutch allows 

the pinion to be a complete “floater.”” The pinion may thus accommodate itself to any want 

of precision and all sorts of idiosyncrasies of the main gear and teeth without shock. Any 

irregularities existing in either main gear or pinions thus have to deal only with the small 

masses of the pinion itself and its stub shaft, being completely isolated from the large mass 

moments of the engine. 

4. The torque, being under complete control, can be lowered so as to safeguard the 

equipment against overloading, especially when sailing in obstructed harbors, near derelicts, 

and where floating obstacles are likely to be encountered by the propeller blades, thus provid- 

ing an important emergency disconnecting gear breaking away from the large revolving en- 

gine masses and allowing the propeller to “stop in its tracks” through the self-interruptibility 

of the magnetic clutch when reduced to fractional underload condition. In this way many 

disasters to the propelling machinery and interruptions to the service may be avoided. 
5. Most revolving machinery is subject to periods, sometimes running into severe “criti- 

cals.” These criticals always develop from the torque irregularities in the revolving masses 

within the engine pitted against outside mass moments aft. This can occur only when these 

are solidly coupled with each other, but if instead they are isolated, as by the air gap of the 

magnetic clutch, these troublesome criticals with their excessive stresses are completely sup- 

pressed and can never develop. 
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Important ships that would be much better equipped with the single screw have gone 

to the trouble, weight and expense involved in using twin screws to secure the advantages of 

the divided unit and to obtain sufficient power while avoiding the expense of the larger 

engines required with the double efficiency losses of the electric drive. 

As to larger powered engines, with the new compound much larger units are possible 

without approaching the size and space occupied by the simple Diesel engines. Through com- 

pounding the combustion engine (see author’s paper on this subject before the 1921 Annual 

Meeting of the American Society of Mechanical Engineers), tail shaft powers up to 12,000 

horse-power are available with the present cylinder and cylinder wall limitations, with only 

six combustion cylinders in line in each engine, utilizing the arrangement of Fig. 5. If 

a similar pair of engines is used aft of the gear, then a shaft horse-power of 24,000 can 

easily be secured, and the weight can be held to a point far below the present weight per shaft 

horse-power of combustion engines or steam plants for continuous heavy duty service. 

With the simple device of the heavy duty air-gap drive, everything claimed to be ac- 

complished by the electric drive is accomplished, and much better and with greater economy. 

The efficiency of the air-gap drives alone is better than 99.5 per cent. They weigh less than 

2 per cent of the weight of the electric drive, and as to valuable space occupied, they are moved 

into the small flywheels of the engines themselves, where they are accommodated perfectly, 

and from which point they make their varied and most important contributions to ship 

propulsion. 

The following table gives the percentage of clutch excitation for fractional tail shaft 

speeds below the engine speed, the first half when the oil engine is running at one-half nor- 

mal speed, the second when running at one-third normal speed: 

No. 50 ELEcTRoMAGNETIC CLuTCH or Atr-GAp Drive APPLIED To A 900 HorsE-POWER 

DirsEL Encine, 140 R. P. M. GEARED To PROPELLER AT 90 R. P. M. 

Propeller Air-gap drive 

aaa a R es aoe Torque Torque Per cent of 
222M) Guigine ele ie lb.-ft. Ib.—ft. normal excitation 

speed : 

Full speed ...................] 140 90 100 900 53, 000 70, 000 100.0 

One-half speed ............... 70 45 100 112.5 | 13,200 17, 000 100 to 50.0 

One-half speed ............... 70 330 | 75 47.5 7, 300 4, 780 Slipping 50.0 

One-half speed ............... 70 22.5 50 14.0 3, 260 2, 120 Slipping 11.5 

One-half speed ............... 70 il 25 1.76 820 530 Slipping 2.0 

One-half speed ............... 70 5.5 12.5 0. 22 206 133 Slipping 0.43 

Fullspeed.................... 140 90 100 900 53, 000 70, 000 100.0 

One-third speed............... 46.7 29.5 100 33.3 5, 900 7, 560 100 to 33.0 

One-third speed............... 46.7 22.5 7) 14.0 3, 300 2, 120 Slipping 33.0 

One-third speed............... 46.7 15 50 4.15 | 1,470 945 Slipping 7.4 

One-third speed............... 46.7). 7.1 25 0.52 366 236 Slipping 1.3 

One-third speed............... 46.7 3.7 12.5 0.07 91.5 59 Slipping 0.27 

Full or normal excitation of magnetic drive = 1.4 kw. or 0.2 per cent efficiency — 99.8 per cent. 
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Mr. W. McCretranp, Visitor-—I would first of all like to thank you for the honor 

and privilege which you have shown me in calling upon me to say a few words to this gath- 

ering. I have been a member of the American Institute of Electrical Engineers for, I think, 

very nearly twenty years, but this is the first opportunity I have had of attending one of their 

meetings, so it is, indeed, a pleasure to be able to say just a few words. I am interested in 

electric propulsion and also the electrical auxiliaries, so will touch briefly on both papers. 

In the British Navy, as you know, we have always pinned our faith on the geared tur- 

bines rather than the electric drive for capital ships. I think, Mr. President, at this point I 

ought also to say that a free discussion of this subject at the present time is rather difficult, 

owing to the very high-minded and worthy proposals dealing with the limitation of naval 

armament, which have been made by your Secretary of State in Washington. (Applause. ) 

These proposals are under discussion at the present moment, and in my opinion history will 

show that they are epoch-making; I believe that the blessings which will flow to mankind 

from these proposals are yet not only untouched but are at present unknown. (Great 

applause. ) 
I said in the British Navy we pinned our faith in the geared turbine with the single- 

reduction drive. I think the author of the propulsion paper has stated the case exceedingly 

fairly. He has not gone in for any of the extravagant claims for electric propulsion which 

I have seen published in certain papers from time to time, but there is one statement in the 

paper to which I should like to refer, and that is the comparison of the economies claimed 
by the United States warship New Mexico over the Idaho and Mississippi. In that con- 

nection, while the author, I believe, states facts—the Idaho and Mississippi are direct-tur- 

bine drives with an auxiliary turbine-geared drive. 

That installation is now somewhat behind present practice and would not be repeated 

in any modern ship, and therefore I feel that a comparison which shows such marked econ- 

omy by the electric drive is not one which should be passed over without reference in the 

discussion. I believe that a practical trial of the latest practice in steam-turbine geared 

work would show that there was very little difference between the electric drive and the 

turbo-geared drive. At various points on the curve, you would find that the electric 

drive gains considerably, whereas at other points on the curve I think you would find 

that the steam-geared drive gains. The steam gearing, I believe, will gain at maximum 

speed. The electric drive will gain at cruising speeds, and it is a matter of policy, I think, 

for the various governments designing these ships, as to whether maximum speed is required 

or alternatively economy at cruising speed. That the electric drive is economical over most 

of the range of speed of a capital ship, that it is reliable and generally free from breakdown, 

is admitted. 

The discussion has turned in large measure on the Diesel electric drive. Whilst I am 

not a Diesel expert, there is one question I would like to put to the gentlemen who advocate 

Diesel drives, either geared or electric, in the present stage of development, and that is this— 

if you have a single-screw ship, is there any owner who would rely on, say, a single 3,000 to 

a 5,000-horse-power Diesel engine, and send that ship to sea on a scheduled service? I do not 

know whether there is in this country or not. I am rather doubtful as to whether there is 

in our country. In this respect the reliability of the Diesel appears to be regarded as much 

less than either the turbine or the reciprocating engine. 

Several remarks were made about the different classes of main motor machinery. It 

was my good fortune to come to America in the fruit ship referred to by the last speaker. 
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In that ship the drive is by means of a synchronous motor, and one speaker particularly re- 
ferred to the question of the racing of electric motors when the propeller of the ship was out 
of the water. We had very heavy seas—at one stage of the crossing we ran into a hurricane, 
and the propeller was out of the water over and over again, and there was no racing whatever 
—the motor stood up perfectly to its work, and I believe that with a properly designed syn- 
chronous motor, you will get, in addition to high efficiency, equally good results as with any 
other type of motor. 

Mr. E. A. Stevens, Jr., Member (Communicated) :—Before discussing this paper in 
detail, I think it would be well to consider the question of transmission in general, whether it 

be electric, mechanical gear, or hydraulic. The only advantage of any of these is the ability 
to run the main machinery at a different speed than that of the propeller, thereby obtaining 
greater economy than what would be possible if the two were operating at the same speed. 
With this in view, the Diesel electric (excpt in a few special cases) would be eliminated. As 
the Diesel engine is more reliable as well as more economical at the lower speeds, it is far 
better to connect direct to the propeller than to use any of the transmissions mentioned above. 
It has been argued that when the cylinders reach a certain size trouble occurs. This can be 
eliminated by increasing the number of cylinders up to eight to one shaft, or by the use of twin 
or even triple screws. When the power required is greater than what would be practicable 
with three screws, it would be better to use steam, as the weight, first cost, and complications 
of the Diesel electric system would offset any advantage, if any, that this system would have 
in economy. 

Mr. Thau states: “The economy of a reciprocating engine drive is obviously poorer than 
that of a properly designed turbine of either type, for the reason that the reciprocating en- 
gine cannot utilize the same expansion of steam.” This is true for high powers, but for a 
slow ship of 3,000 horse-power or less, the reciprocating engine has shown as good economy 
as the average geared turbine and better than the electric drive, in spite of the fact that no 
superheat was used with the engine while 50 degrees superheat was used with the geared tur- 
bine and 180 degrees with the electric drive. The cost of the electric drive outfit installed is 
over double that of the reciprocating engine, while the geared turbine is about the same or a 
little less than the latter. 

The horse-car driver who became a motorman and the steam locomotive engineer who 
became an electric locomotive engineer cannot be classed with the marine engineer, as neither 
the motorman nor the locomotive engineer does his repair work or keeps his machines in 
condition. These men are merely drivers. All the repair work and care of the apparatus are 
done by the repair gang or round-house foreman. 

If three junior engineers are required for the direct-connected Diesel as shown in the 
table on page 110, why are they not required for the Diesel electric, which is more complicated ? 

The fact that the U. S. Navy has adopted the electric drive for battleships and battle 
cruisers speaks well for it, but cannot the same thing be said about the geared turbine which 

is being used by the British Admiralty in the above-mentioned classes ? 

The protection against torpedo attack afforded by the electric drive is not much greater, 

as the motors on the outboard shafts are as near the skin of the ship as the geared turbine 

would be; besides, the ship fitted with the latter could be better protection against gun fire 

as machinery is lighter, while the maneuvering ability of the geared turbine is all that is 

desired. 
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It is hardly fair to compare the New Mexico and Tennessee with the Idaho and Missis- 

sippi, as the two latter are fitted with direct-drive main turbines and geared cruising turbines. 

A considerable amount of the saving was due to the propellers. 

Mr. Thau neglects to state that, while the battleships and battle cruisers of our Navy are, 

or are to be, fitted with the electric drive, the light cruisers and destroyers are being equipped 
with geared turbines. The U. S. Navy refrained from using the latter in the battle cruisers 

where weight is of great importance, because they did not believe that gears could be built 

that would transmit the necessary power (45,000 S. H. P. per shaft). However, the British 

Admiralty has been able to transmit 39,000 S. H. P. per shaft successfully. 

ComMANDER S. M. Rosinson, Member (Communicated) :—Mr. Thau’s paper has so 

completely covered the range of subjects involved in a discussion of electric propulsion that 

there are not many new points that can be added, but I think some of them might be empha- 

sized in order to bring out their very great importance. 

Turbo-electric propulsion is being used to such an extent at the present time and is so 

well known to the marine engineering world that it hardly seems necessary to dwell much on 

this subject, but Diesel-electric propulsion is a comparatively new art and still has its way 

to make in the marine field. It seems to me to be an ideal system of propulsion for cargo 

vessels. By its use it should be possible to greatly increase the reliability of Diesel engines, 

since it will not be necessary to start them up under load nor reverse them. The importance 

of these two points is very great and cannot be emphasized too much in any comparison of 

direct-connected Diesel engines and Diesel electric propulsion; submarine experience has shown 

that many of the troubles with Diesel engines are directly traceable to these causes and, while 

air starting is still fitted on these engines, it is only used in case of emergency when the mo- 

tors are out of commission. 
With Diesel electric propulsion it will be possible to use multiple units, thus ee 

down piston diameters; this will add greatly to the reliability and will also operate to reduce 

the maintenance cost. It also makes it possible to carry out engine repairs on one engine at 

sea without suffering any very great reduction in the speed of the ship. 

Diesel electric propulsion is frequently criticized as being about 12 per cent less efficient 

than the direct Diesel drive. No general statement can be made which will cover all types of 

ships, but for cargo vessels of the usual low horse-power it can be said that there will be little 

difference in the overall economy of the two systems, and what difference there is will gen- 

erally be in favor of the Diesel electric. This arises from the fact that it is necessary to use 

twin screws running at comparatively high propeller speeds for the direct Diesel, while a 

single screw of lower speed can be used with the Diesel electric; with the latter arrangement 

the losses in the struts are done away with and a more efficient screw is provided due to the 

lower speed at which it runs. 
I believe that the voltage proposed by Mr. Thau is somewhat higher than should be 

used on board ship, and this will not be necessary if the number of units is reduced; a three- 

generator and two-motor installation would seem to give all the flexibility desired and at the 

same time obviate the necessity for the use of such a high direct-current voltage. This will 

give three combinations of generators and motors, the first being all units in use, the second 

being two generators and two motors, and the third being one generator and one motor. At 

the maximum capacity of each of these conditions the motor and generator efficiency will 

be practically the same as at full power. 
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In connection with the flexibility of the series system of Diesel electric propulsion, Mr. 
Thau points out the simplicity of the speed control which is obtained by varying the generator 
field strength ; this method can be combined with that of variation of motor field strength so 
as to give the most efficient operating condition for any of the various combinations of motors 
and generators. 

PRESIDENT Capps :—Owing to unavoidable absence of the author, who cannot be here 
until tomorrow afternoon, paper No. 8, which was to have been read tomorrow morning, will 

be read by Mr. Bailey, the author, tomorrow afternoon, taking the place of paper No. 12, 
by Profesor Hovgaard. 

Mr. Pierce :—lIn view of the fact that there has been considerable discussion relative to 
the Diesel electric drive, I might say that we are all familiar with the specifications sent out 

for a tender on a ship for Diesel electric. The Diesel electric equipment for that ship was 

58 per cent heavier, 20 per cent more fuel consumption, and 10 per cent more cost than the 
direct Diesel. 

PRESIDENT Capps:—lt is hoped that in making their replies, the authors of the papers 
will be able to throw more definite light on the subject of weight of machinery and fuel con- 
sumption, because the differences per shaft horse-power, when translated into terms of cargo 
capacity, or fuel which can be carried, are very important indeed. If there is no further 
comment, we will bring the discussion on these papers to a close. 

Mr. Emmet:—As to the question of the relative economy, the turbine being the same 
for both, the difference must be small. In a large ship, for which we have recently designed 
electrical transmission machinery, we would only lose 4.5 per cent. The San Bonito, which 

just came over, and which ran in the Mediterranean for a long distance, had a rate corre- 
sponding to 1 pound of fuel per shaft horse-power. Any of these other electric ships will 

do pretty nearly that. The difference is, in any case, small, provided the turbine is equally 
good. I have tested a large number of ship gears by actually running them on generators at 

a given load, and I have actually found the efficiencies of a double reduction ship gear as low 
as 96. I have tested 6,000 horse-power gears and two 3,000 horse-power gears, and know 
the losses are considerable in the gears alone. 

I think it quite probable that Mr. Anderson’s criticism of the 100 R. P. M. propellers 
in the Shipping Board boats equipped may be correct, although, when these jobs were under- 

taken, statements to the contrary were given us by the best authorities. 

Mr. Tau :—Before replying to the discussions which have been made on my paper, 

I desire to take this opportunity to extend my appreciation and thanks to the authors of the 

discussions for the thorough manner in which they have gone into the subject. The majority 

of the points brought out in the discussion are very beneficial to the progress of the art. 
There are, however, a few instances where the meaning of the author’s statements in the 

paper have been misconstrued, and also some instances where some of the discussions have 
digressed from the points at issue in the paper, in an endeavor to discuss claims for electric 

propulsion systems which have been made in other articles in the technical press. It is hoped 
that the interested persons reading the paper, the discussions and the author’s reply to the 

discussions will take these points into consideration. 
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Mr. Emmet says that I have understated a few of the points of advantage or of at- 

traction in regard to electric drive. I can merely reply to this by saying that I endeavored to 

be ultra-conservative throughout the entire paper, so as not to invite undue criticism from 

gentlemen who oppose electric drive or who are not yet prepared to accept it. This is one 

reason why I placed maintenance on not worse than a parity with other drives. I am sure that 

the electrically driven ships in operation have already shown a surprisingly low main- 

tenance cost. 

I have given considerable thought to the efficiency of a synchronous drive, as compared 

with an induction drive, and have always concluded that there can be only a very inapprecia- 

ble difference in efficiency. The suggestion by Mr. Emmet that the adoption of electric aux- 

iliaries throughout will enable the installation of larger auxiliary turbines which would be 

conducive to lower steam consumption for excitation is, of course, correct, but I think that, 

considering everything, the ultimate difference in efficiency of the two drives would be 

inconsequential. The largest attraction of the synchronous drive is in the weight, space and 

cost saving resulting from unity power factor. As I have shown later in the paper, these 

advantages can be obtained with the induction drive, using the power factor corrective 

apparatus. 

The larger air gap and better access of the synchronous motor were mentioned in the 

last paragraph of my description of the synchronous motor drive. 

By “high-speed Diesels” I do not have in mind high piston speeds. The matter of piston 

speed must be treated with conservatism in high R. P. M. engines, as well as in low R. P. M. 
engines. The reciprocating parts being smaller, the cylinder walls and cylinder heads thin- 

ner (this being conducive to quicker heat transfer and lower temperature strains), and the 

absence of water cooling on the pistons should decrease rather than increase the maintenance 

of the engines. Repairs are easier to make because of the smaller parts to be handled. There 

are engines of 200-horse-power capacity at 250 R. P. M. that have been operating con- 

tinuously, except for periodic valve grinding, since 1914, and during this time the mainte- 

nance was practically negligible. Mr. Smith has also questioned the reliability of the higher 

R. P. M. engines. 

Regarding the application of alternating current for Diesel electric drive, I am quite 

sure that the flexibility in control advantages alone of the direct current would go a long 
way to favor the direct current, even though parallel operation of a multiplicity of alternating 

current units were entirely feasible. It has been shown definitely in the case of land instal- 

lations that Diesel driven alternators do work satisfactorily in parallel, but it must be re- 

membered that these engines operate at constant speed instead of at adjustable speed, as 

would be necessary in the case of ship drives. Where the Diesel engine units are sufficiently 

large so that one unit would supply one motor, as in the case of a twin-screw drive, alternating 

current is feasible and will undoubtedly be used under certain conditions. 

Mr. Emmet mentions that the interchangeability of electrical units in a ship installation 

was not brought out in the paper. I did not deem it desirable to go into this matter in detail, 

as the principal part of the paper was on merchant ships, whereas such opportunities are only 

offered on high-powered ships having two or more generators. Reference was, however, 

made to this feature under the captions of “Reliability,” “Economy” and “Control” in the 

section covering war vessels. This advantage was also referred to in connection with the 

Diesel electric drive. For large ships these advantages are important, as is perfectly obvious, 

for the reason that balanced power can be obtained on all screws, regardless of the number 

of generator sets in operation. 



ELECTRIC PROPULSION OF SHIPS. 147 

The advantage resulting from the change in ratio in motor speeds for a given frequency 
is also mentioned in the paper under the caption of “Economy” in the section covering war 

vessels. This item was not discussed in detail, as it has been given considerable airing in 

recent technical publications. Mr. Emmet brings out the comparison that the advantage re- 

sulting from the change in pole ratios of the motors is more pronounced on the Maryland than 

on the Tennessee. This is true for speeds between 13 and 15 knots, but for lower speeds 

the larger number of poles show better economy. This characteristic can only be explained 

by the combination of turbine and motor and generator efficiency performance. I think the 

performance of the Tennessee is more or less incidental, as such a condition would not be 

anticipated. The turbines installed on the Tennessee are particularly economical at a very 

wide range of speed. 

Three of the discussions, at least, dwelt at considerable length on weights and sub- 

mitted some data which are at variance with the author’s analysis of weights, space, cost, etc., 

for the different principal types of propulsion. Any data of this nature must of necessity be 

considered upon its hypothesis, as there are several ways of comparing such items relating 

to propulsive machinery. There is, however, only one correct way, and that is to include 

every single item which by virtue of its function is directly related to the propulsive equip- 

ment, such as engines proper, boilers, condensers, propulsive equipment auxiliaries, shaft- 

ing, foundations, seatings, water in machinery, reserve water for machinery, stacks, piping, 

ladders, platforms, thrust bearings, shaft alley bearings, propellers, generators, motors, con- 

trol, cable, exciters, fuel, lubricating oil, etc. A comparison of the bare machinery weights 

means nothing. 

The analysis of the Diesel electric propulsive machinery in the paper is based upon a 

single-screw drive in which the propeller R. P. M. is uninfluenced by the motor speed limita- 

tions, because with Diesel electric drive, using direct current, the propeller speed can very 

conveniently be made to suit the preference of the propeller designer, as there is absolutely 

no fixed relation between the generator speed and the motor speed. 

Because of the well-known fact that practically all of the direct-drive Diesel ships today 

are twin screw, this arrangement has been considered in the case of such ships. 

It is probably unfortunate that a table of comparative weights showing all items con- 

sidered was not incorporated in the original paper. The author’s statements in comparing 

the different factors of the various drives were of a general nature, and this system was used 

purposely to avoid contention on details. To substantiate the statements in the paper, par- 

ticularly in connection with weight, the table on page 148 which forms the basis of the 

author’s analysis, is included in this reply for reference. 

A brief discussion of this table will reply to several points raised by Mr. Bailey and Mr. 

Smith. It will be noted that at least every essential item on which there is any difference 

in the various types of drives has been included. Unfortunately, I have no reliable data on 

foundations which must be made a part of the ship’s structure for supporting the propulsive 

machinery. However, I believe that these items should just about balance in the various 

types of drives, and what little difference might exist would certainly be of little influence 

in the ultimate results, or might even favor the Diesel electric. 

The Diesel engines considered in the table for the Diesel electric drive operate at 180 

R. P. M., and complete with their accessories, generators, exciters, the motor and control, 

weigh 350 pounds per shaft horse-power. Of this figure, the electrical equipment con- 

sumes 104 pounds, leaving 246 pounds for the engines. Certainly no one will question the 
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TaBLe OF DetTaiL WEIGHTS For A 3,000 S. H. P., 90 R. P. M. Drive. 

Double : : x 

Item peel || Geeas | (ences) | aac 
turbine 

Primesmoyen eissyace cc cctcscisteee ales cleteloreioetoeh *100, 000 *206, 000 *1, 200, 000 *1, 050, 000 

Boilers and superheaters .....................- 73860, 500 1360, 500 $11, 200 #11, 200 

Condensers and auxiliaries..................--- 50, 000 OFA UU Rea reece: Be ene ese an BL aoe 

Water in machinery ..:...........---+------+- 200, 000 200, 000 45, 000 45, 000 

Reserve water for machinery .................. 250, 000 250, 000 

Propellerjshaftingy.seee ieee eae 115, 000 115, 000 135, 000 115, 000 

Propeller shaft bearings ....................05- 15, 000 230, 000 245, 000 230, 000 

Gratings, ladders, etc.............2--eeeeeeeee 60, 000 60, 000 50, 000 50, 000 

Controlandicableypsycn us ae sete nie octave Aaa baelee A ara Va le Oe USN OOO) See Fes ee ea neds 1 

Steam and water piping ..................+..-- 100, 000 100, 000 32, 000 32, 000 

Independent auxiliaries.................-...--- 32, 000 32, 000 130, 000 20, 000 

Uptakes, air box, stack, etc................... 70, 000 70, 000 11, 000 14, 000 

otal si 4s chia eerie a esteayarvoais are cvaas(eusicistslatelabehslete 1, 352, 500 1, 491, 500 1, 659, 200 1, 368, 200 

Lbs. per S. H. P. total machinery ............. 451 497.5 552.5 452.5 

Ratio, geared turbine, unity................... 1 al 1.103 1.227 1.003 

Nore—Using watertube boilers, the two turbine drives would be reduced about 250,000 pounds. 
installations using such boilers are relatively very few in comparison with those using Scotch boilers. 

* 180 R. P. M. engines with exciters. T Scotch boilers. { Vertical boilers. 
@ Include thrust bearing. {| Included in prime mover. 

However, the 

conservatism of such an engine. This engine is available today in sizes suitable for elec- 

tric drive. 

Another absolutely reliable Diesel engine for electric drive is available, weighing 180 

pounds per brake horse-power for the engine alone and operating at 250 R. P.M. The com- 

plete Diesel electric drive using this engine instead of the one used in the table is 402 pounds 

per shaft horse-power, and the ratio of this weight to the weight of the geared turbine drive 

is 0.892. 
Developments will undoubtedly be undertaken by some present Diesel engine manufac- 

turers to commercially produce a lighter Diesel engine which will be suitable for electric- 

drive units. The ultimate outcome of this development should produce a conservative engine 

weighing not more than 125 pounds per shaft horse-power and operating at 300 R. P. M. 

Using these engines instead of those in the table, the weight of the complete Diesel electric 

drive would be 328 pounds per shaft horse-power, and the ratio of this figure to that for the 

geared turbine is 0.727. 
The weight of 400 pounds per brake horse-power for the direct-drive Diesel used in the 

table is lower than the average engine actually installed and operating today, which, accord- 

ing to authoritative data, is 483 pounds per brake horse-power. On the 483-pound basis, 

the weight per shaft horse-power for a complete direct Diesel drive is 635 pounds, and the 

ratio of this figure to that for the geared turbine is 1.41. 
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The analysis in the table does not include fuel. Taking the fuel consumption roughly 
at 0.55 pound per effective shaft horse-power hour for the Diesel and Diesel electric (which 
is very conservative), and twice this amount per shaft horse-power hour for the geared tur- 
bine (which is likewise conservative), and 5 per cent more for the turbine electric than for 
the geared turbine, and allowing sufficient fuel for a round trip of 3,300 miles each way, 
for a 3,000 S. H. P. ship, operating at 11 knots, the total fuel consumption would be as 
follows: 

1,648,000 pounds for the geared turbine. 

1,730,000 pounds for the turbine electric. 

874,000 pounds for the direct Diesel. 

874,000 pounds for the Diesel electric. 

Adding these figures to the total weights in the table, we have: 

3,500,000 pounds for the geared turbine drive. 

3,221,500 pounds for the turbine electric. 

2,533,200 pounds for the direct-drive Diesel. 

2,242,200 pounds for the Diesel electric. 

The corresponding ratios as compared with the geared turbine would then be: 

Geaedistunbinekweys seen eye celine rio ae ols nT oa atl 8 1 

pittaimeRelechniCupiaeene Micncu sy ti yee hen ciate etn eta Det ci 1.07 

Directory cmDiese le mun sia ue ninp OM ha Lb cee MA IMI! sila 845 
WieselRelectiicmep nie rtnii a Nas eN OAS eins aru tanete Mk a lls Bd uh 747 

The above results agree with the general statements in the writer’s paper, but are at 
variance with the figures given by Mr. Bailey and Mr. Smith, particularly the latter. I am 
quite sure that if these gentlemen would have used the same engine for their Diesel electric 
drives, their figures would have been substantially in agreement with the table, provided all 
related items as listed were included. 

The tables given by Mr. Bailey and Mr. Smith also show considerably higher cost figures 
for the Diesel electric than seem justifiable in the light of my experience. I feel quite cer- 
tain that the price of Diesel engines is still higher than it should be. This is particularly 
true in the case of engines for Diesel electric drive. I have no figures on the installation of 
the machinery, shafting, propellers, etc., but I am sure that the engines, generators, exciters, 
motors and control can be bought today for $130 to $140 per shaft horse-power, provided 

the proper Diesel electric units are used. Previous quotations might run at variance with 

this statement, but until recently electrical manufacturers have been forced to quote relatively 
low-speed Diesels. My remarks on cost referred to future developments, except in a few 

present cases. 

Rather than point out the detailed differences of the comparisons in the tables prepared 

by Mr. Bailey and the table given above in this reply, the reader is requested to review the 

tables for himself. I have stated the basis on which my table has been compiled, and, pre- 

suming that Mr. Bailey’s table has been compiled in much the same manner, the largest dis- 
crepancy appears in the cases of the Diesel direct and Diesel electric. The probable reasons 

for this have been stated above. Mr. Bailey’s analysis shows that, in the case of the single- 

screw Diesel electric, the space favors this type of drive slightly, and it is safe to say that with 
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later developments in electric-drive Diesels the space factor will show greater favor in behalf 

of the Diesel electric. 

In regard to relative fuel consumption, Mr. Bailey has used the same figure for the 

single-screw Diesel as for the twin-screw Diesel, and according to analyses of propeller per- 

formance that have come to my attention, I believe that the fuel consumption per ton-mile 

should be very nearly the same for the Diesel and the Diesel electric, for the reason that the 

twin-screw arrangement using the higher speed propellers and additional struts will require 

more effective horse-power to drive a given tonnage through the water. Furthermore, the 

fuel consumption figure for turbine electric is given as 0.95 as compared with the geared tur- 

bine of 1.0. Mr. Bailey, as stated, uses single-reduction geared-turbine drive in this analysis. 

I think the figure would have shown the reverse had double-reduction gearing been used. It 

is also probable that the figure of 0.95 in comparison represents guaranteed economy rather 

than actual performance. The above paragraph will also reply to similar remarks by Mr. 

Smith. 

I believe that with machinery in proper working condition, the fuel consumption per 

shaft horse-power, or rather per ton-mile, should run in the order of 1 for the geared tur- 

bine, 1.04 to 1.05 for the turbine electric, and approximately 0.5 to 0.55 for Diesel electric 
and direct-connected Diesels (the latter being twin screw). 

Such discussions as Mr. Bailey’s are very constructive and will undoubtedly be very 

beneficial in the final solution of the selection of propulsion machinery. Just at present, it 

is expected to find considerable difference in the analyses made on Diesel and Diesel electric 

drive, owing to the wide variety of engines available, and since the engine forms a large por- 

tion of the weight of the Diesel electric drive, a considerable variation in this item would 

show a large difference in the total weight. 

Mr. Smith and Mr. Stevens questioned the omission of the junior engineers. The rea- 

son why the junior engineers have been omitted from the list of personnel for the Diesel 

electric drive is because one man is sufficient to operate the control, and this man would 

always be one of the assistant engineers. In the case of the twin-screw Diesel, it is neces- 

sary to station an engineer at each engine, and this requires two men, whereas in the case 

of the electric drive one man is sufficient, regardless of the number of screws, as the control- 

lers are easier to operate and require less manipulation than the ordinary surface electric car. 

This practice will vary with different operating concerns. 
It will be noted that Mr. Smith takes considerable exception to the value of the backing 

qualities of an electric-drive ship. If a ship and its shafting, etc., will withstand only a defi- 

nite amount of backing torque, surely it is inadvisable to apply an excessive amount. In this 

connection, the electric drive can be regulated to give any desired amount of backing torque 

from the minimum to the maximum, as it is merely a function of the control. The principal 

idea in incorporating in the paper a discussion on backing qualities of electrical machinery 

was simply to show that this type of drive is as good as any type of drive, and can be made 

better than some types. In regard to battleships, however, it has always been my under- 

standing that quick stopping is essential and that the Navy Department lay some stress on 

this point. Whether or not the ships are so operated as to not utilize the full backing pow- 

ers of any type of drive, it is of interest to note that, on the trials, tests are made to deter- 

mine the quickness with which a battleship can be stopped. In this connection it is interesting 

to note that the Tennessee can be stopped from full speed in less than three minutes. I 

think it is plausible to conceive a condition where this difference in stopping time would 

avoid a wreck. 
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Mr. Smith mentions that the facts in his table of comparative weights, fuel consumption, 

etc., show a wide difference from the author’s opinions. To substantiate the author’s opin- 

ions, reference is made to the table given above where the facts on which these opinions were 

based are recorded. Mr. Smith takes exception to the author’s statement and places direct 

Diesel above Diesel electric in regard to reliability. In this connection, it is interesting to 

note that present direct-drive Diesels are twin screws. Furthermore, obviously a ship having 

four engines is more reliable when considered from the “get there” idea than one having two. 

With a single-screw Diesel electric, the full power of any number of sets can always be util- 

ized for effective balanced propulsion. This is not the case with any other type of drive. 

Certainly the control gear of a Diesel electric ship cannot be considered in the same category 

as the reversing gear of a direct-drive Diesel engine when it comes to complication. All con- 

trol for a Diesel electric ship is effected through a simple, small-field rheostat which handles 

only a very small fraction of the total current, and which in going from the full speed ahead 

to the full speed astern positions, does not even open the circuit. In discussing reserve power, 

I clearly identified it as reserve power in case of casualty to a prime mover. In comparing 

the Diesel electric with the Diesel or any other type of drive, the Diesel electric is obviously 

superior to any of them in this respect. For instance, on a 3-unit Diesel electric, the failure 

of one engine would only necessitate the loss of 12 per cent in speed, and this cannot be ap- 

proached by the other drives in case of failure of one of the units, and particularly the direct 
Diesel. 

It is but natural for some Diesel engine builders to manifest a reluctant spirit in the 

advocation of high-speed Diesel engines for electric drive, because the net returns to their 

coffers are naturally going to be enormously reduced. Such recommendations are probably 

influenced by commercial analysis rather than engineering analysis. However, as a matter 

of fact, this reluctance might not represent the most expedient commercial analysis, as the 

manufacture of engines on a large production basis for an advantageous drive would eventu- 

ally further the sale of engines, and thus result in greater and more profitable business. 

The reason that turbine electric drive is not well suited to destroyers or scout cruisers is 

because of construction conditions. These conditions do not obtain in battleships and battle 
cruisers. 

Following Mr. Smith’s specifications for the selection of the most suitable drive, I think 

the analysis as given in the author’s paper and reply will clearly show that the electrical 

apparatus fulfils his requirements which he classifies as the “hard, cold facts.” In comparing 

the turbine electric with double-reduction gears there is very little difference, but what little 

there is in cost and weight favors the geared turbine. In the author’s mind, however, these 

are not sufficient reasons to eliminate turbine electric drive, particularly in the light of past 

performance. 

Captain Newman has given a very instructive description of the U. S. coast guard cut- 

ter Tampa and its propelling machinery. There is one point, however, in the discussion that 

I would like to clear up, and that is Captain Newman’s reference to the writer’s allusion to a 

synchronous motor as being more complicated than an induction motor. Possibly Captain 

Newman might have meant this for someone else, as certainly the author made no such state- 
ment in his paper. I did refer, however, to the additional complication of the control in con- 

nection with synchronous motor drive as compared with the induction motor drive, and I 
feel quite sure that those who visited ships containing both types of drive will bear me out in 

this conclusion. 
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I cannot agree with Mr. Sperry in his comparison of the electric clutch system with 

the Diesel electric system using motors and generators, as obviously the latter is considerably 

more flexible than the former and possesses distinct advantages that are not common to the 

two systems. The clutch, for instance, does not eliminate the reversing gear of the engine 

and does not eliminate the necessity for varying the engine speed in order to obtain speed 

control of the screw. Even assuming that the screw can be reduced by engine throttling to 

half speed, and controlled from there to zero by slipping the clutch, I am sure that if this 

were continued for any length of time it would be necessary to use special means for dissi- 

pating the heat resulting from the slip energy in the clutch, and this introduces a complica- 

tion of some kind. The energy resulting from the slipping of the clutch below its syn- 

chronous speed is comparable to that which exists in the case of an induction motor, and 

with this type of machinery it has always been found necessary to dissipate excessive slip 

energy externally; for this reason, when adjustable speed induction motors are required, it 

is necessary to furnish the wound secondary type so that the slip resistance can be incorpo- 

rated external to the motors. It is true that the slip energy at low propeller speeds is con- 

siderably less than at high propeller speeds, for the reason that the propeller power varies 

approximately as the cube of the speed, but the powers are hardly sufficiently small below 

half speed to enable slip energy to be absorbed in the clutch, without providing some means 

for dissipating the heat. 

Mr. Sperry gives four items of performance contributed by the Diesel electric system 

of propulsion. In the first place, he endeavors to show that the propeller speed is compro- 

mised by the application of a motor. This, however, is not the case, as with direct-current 

motors we can accommodate any desired propeller speed. Furthermore, the generators can 

accommodate any engine speed, so that the selection of propeller speed is, therefore, not in- 

fluenced. There are no limitations in D. C. motors and generators which influence their 

speeds for ship drive. 

Second, the amount of reserve power in the case of the air-gap clutch drive, based on an 

equal number of engine units, is not as great as with the Diesel electric drive using genera- 

tors and motors, as the engine speed in the case of the air-gap clutch drive must be reduced 

in proportion to the reduction in the speed of the ship, therefore reducing the available horse- 

power of the remaining engines. 

Third, in varying the speed of an air-gap clutch drive, it is necessary to vary the speeds 

of all engines simultaneously, and the engines must govern at any speed; otherwise there will 

be an interchange of power between the engines and a waste of energy. With the Diesel 

electric using motors and generators, the generators run at constant speed for any condi- 

tion of propeller speed and need have only the crudest type of governors, because with series 

operation it is not even necessary to have theengines running at the same speed. The motor 

speed is controlled by varying the generator voltage, which is effected through the operation 

of a simple field rheostat, so that in going from full speed ahead to full speed astern, it is 

merely necessary to move the lever from one extreme to the other extreme. Certainly nothing 

more flexible than this could be desired, and these advantages in flexibility do not obtain with 

the air-gap clutch Diesel drive. The operation at slip speeds of the air-gap clutch has been 

discussed previously. When the clutch is slipped, the losses vary directly with the speed re- 

duction and power. This means poorer efficiency at low speeds than is the case with straight 

electric. The matter of cost is something which the author does not propose to know any- 

thing about, but it seems that the cost of generators, motors and control, which are all 
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simple apparatus, should not be much in excess of the cost of the air-gap clutch, which is a 

refined piece of apparatus, flexible couplings, gears, larger air compressor plant, refined en- 

gine governors, and engine reversing gear. Another point to be remembered is that this 

apparatus requires very careful alignment. 

Fourth, in addition to eliminating the necessity for reversing Diesel engines as viewed 

merely from a matter of reversing gear, the one-direction rotation, electric-drive Diesel en- 

gine offers considerable simplicity to the air problem, since it is only necessary to start one 

engine by means of air in getting under way, as the remainder of the units can be started 

electrically. Therefore, the compressor equipment, air bottles, etc., together with reversing 

gear, must be balanced against the cost of the electrical apparatus in the Diesel electric sys- 

tem. I am, therefore, not prepared to agree with Mr. Sperry in that the ‘maneuverability 

with these engines and the air-gap clutches accomplished all that the full electric plant does, 

at a very great saving of plant and control equipment.”’ I think that if Mr. Sperry’s clutch 

were reversible, however, it would represent an advance in the art of ship drive, particularly 

as related to Diesel engines. 

Later in his discussion, Mr. Sperry gives five important advantages secured by the 

application of the air-gap clutch system, on which I would like to comment in numerical 

order: 

1. As pointed out previously, such a system does not give all the advantages and flexi- 

bility of a multiple engine unit with as great reserve power as a Diesel electric system would. 

2. As stated previously, the air-gap clutch system does not possess the complete flexi- 

bility of the electric drive, and it is questionable when all items which the electric drive elim- 

inates are considered, together with the clutch, flexible coupling and gears, whether the ex- 

pense would be an item for consideration. Mr. Sperry’s allusion to the “cumbersome electric- 

control equipment for handling the heavy currents in maneuvering” is not well founded, as 

the only thing that is handled is the field rheostat in the generator excitation circuit, and this 

handles only a small fraction (not exceeding 1% per cent of the total power), and at that 

does not even open the circuit. The notice taken of the double losses in motors and genera- 

tors brings out, of course, a point which does exist when comparing the air-gap clutch drive 

with the electric system, as there is possibly 8 or 10 per cent additional loss with the electric 

drive when using the same number of propellers. If the electric uses fewer screws, this 

economy difference vanishes. 

4. The safeguards due to the pune of the torque developed can be accommodated just 

as well by electric drive. 

5. The subject of “criticals” as oni oued here will not exist with the type of units pro- 

posed for Diesel electric drive, as the generator armature furnishes the only rotational mass 

connected to the engine, and this has little, if any more, inertia than the fixed half of the air- 

gap clutch. The air-gap fluxes of the generators and the motor are comparable to the air 

gap of the clutch. 

As Mr. McClelland states, the comparison of the New Mexico and Tennessee with the 

Idaho and Mississippi is not a comparison of what might be done with a full gear drive, for 

the reason that the two latter ships have direct-drive turbines with auxiliary cruising turbines. 

Nevertheless it will be noted that even at the cruising speeds the electric ships show better per- 

formance. Mr. McClelland’s statements that the geared-turbine drive of an up-to-date installa- 

tion would show slightly better economy at full speed than the electric drive, and that the elec- 

tric drive would gain at the cruising speeds, is in fact the analysis that is conceded in this 
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country, as far as economy is concerned. I am quite sure, however, that the concession must 

be given to electric drive when considering flexibility, both of arrangement of apparatus 

and reserve power in case of casualty to prime movers. There are other reasons substantia- 

ting electric drive which have been covered in recent articles in the technical press. 

Mr. Anderson makes the inference that a geared-turbine drive, particularly for merchant 
ships, should show better.steam consumption than a turbine-electric drive, and requests in- 

formation on the performance of existing electric-drive cargo ships. I regret that I do not 

have authentic figures in these cases. It would seem to me, however, that with the turbines 

operating at the same speeds and other things being equal, or at least comparable, that geared- 

turbine drives should show a slightly better economy. The value of this small difference is 

questionable. Personally, I think there are other features of greater concern than a slight 

difference in efficiency. The figures which Mr. Anderson quotes for the electric drive of ex- 

isting cargo ships seem to me to be rather high and out of proportion for the figure he quotes 

for the geared-turbine drive. At best, I cannot see more than 5 or 6 per cent difference. 

I do not propose to reply further to the discussion regarding the selection of twin and 

four-screw ships and electric and geared drive, as this is a matter that concerns the Navy De- 

partment. . 

All the maneuvering that I have witnessed, particularly as concerns backing, has been 

done with all the engines in use at the time, and I know of no ruling to do all such reversing 

on only one machine. As far as I can see, there is no reason for it. 

I do not agree at all with Mr. Stevens in his analysis of Diesel electric drive as given 

in the first paragraph of his discussion, and a reference to previous paragraphs of the 

author’s reply to discussion will clearly show the reasons why I do not agree with him. 

Referring to the second paragraph of Mr. Stevens’ discusion, his statements regarding 

the comparable economy of the reciprocating engine in sizes of 3,000 horse-power or less do 

not agree with any figures that have ever come to my attention, and reference to Mr. Bailey’s 

table of comparison will also show that both triple-expansion, single-screw, and triple-ex- 

pansion, twin-screw engines consume 16 per cent and 27 per cent respectively more fuel than 

the single-reduction geared turbine in the case of a 2,000-S. H. P. drive. Mr. Bailey also 

gives a fuel consumption of 6 per cent more for a quadruple expansion reciprocating engine 
in the case of a 2,600 horse-power drive. 

The writer’s reference to the horse-car driver who became the motorman, etc., was 

merely done to show the little difficulty that electrical apparatus had in replacing other means 

of motive power on land. As far as repairs to electrical machinery aboard ship are con- 

cerned, owing to the reliability of such apparatus, there is nothing likely to occur that cannot 

be taken care of by an ordinary electrician, and furthermore, I do not believe the marine en- 

gineer would want to place himself in the position of saying that he could never learn to 

repair an electrical machine, as this would indicate that the height of progress for marine 

engineers was already attained. Also, due to the simple construction of electrical apparatus, 

repairs should be very infrequent. ; 

The matter of electric drive and geared drive for war vessels and the manner in which 

the different layouts affect the protection of the ship, etc., have been covered in many pre- 

vious articles, and a discussion of it will, therefore, not ie entered into at this time. Mr. 

Stevens asks why I neglected to mention that, while battleships and battle cruisers are to be 

fitted with electric drive, the light cruisers and destroyers are being equipped with geared 

turbines. A reference to the fifth paragraph of the paper under the section of “War Ves- 
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sels” will show that this matter was mentioned in the paper. Naturally, as an electrical man, 

I would prefer to pin my faith to a large electric unit, particularly in the light of past 
experiences. 

Commander Robinson has given a very good discussion on the Diesel electric section of 
the paper and explains the reason for using the same fuel consumption with single-screw 
Diesel electric as exists with twin-screw Diesel direct. 

I do not believe that a voltage of 750 is too high to be used aboard ship in connection 

with propelling machinery, as this constitutes an isolated plant and can be very easily insu- 
lated and protected. If the engines for the electric drive are sufficiently large, so as to re- 
duce the number of units, the voltage, of course, can also be reduced in proportion. 

PRESIDENT MCCLELLAN :—We will now have the paper entitled “Electric Auxiliaries 

on Merchant Ships,” by Mr. Edgar D. Dickinson, a member of the Society of Naval Archi- 
tects and Marine Engineers. 

Mr. Dickinson then abstracted the paper. 
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ELECTRIC AUXILIARIES ON MERCHANT SHIPS. 

By Epcar D. Dickinson, Esg., MEMBER. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

When we discuss the merchant marine, or any feature thereof, we must not lose sight of 

the fact that we are dealing with a commercial undertaking which is probably more highly 

competitive than any other. From its very nature this must be the case, for while each 
country can make laws to assist the merchant shipowners of that country, every effort to help 

them and penalize foreign shipping can and undoubtedly will be neutralized by laws of the 

countries with which they are trading. The only assistance, therefore, that can be given by 

legislation, outside of providing good port facilities, is to enact laws that will assure a good 

standard for ships and at the same time not impose penalties in operation to which owners of 

other countries are not subject. 

So we see that the answer to the question: “Who is to carry the merchandise which has 

to be transported between the various ports of the world?” rests in a great measure with the 

owners and operators of ships, and, because electricity makes possible many reductions in 

the cost of operation and at the same time enhances the earning power of a ship, it is being 

used to an ever-increasing extent for driving the machinery on ships. 

On highly efficient new ships, especially motor ships, practically all the auxiliaries are 

driven by electric motors. In the motor ship the steam boiler becomes an auxiliary, and it 
is apparent that much of the gain in economy secured by the oil engine would be sacrificed if 

steam auxiliary machinery were retained. In the steamship, the losses incident to the steam 

auxiliaries are not so apparent; nevertheless, they are there, a constant drain on the boilers 

and a continual handicap to any operator or engineer endeavoring to attain efficiency in 

operation. 

It is recognized that a somewhat greater gain in fuel economy is generally secured on 

a motor ship by the adoption of electricity for the reason that Diesel engines are employed 

to drive the generators. Oil engines might be used on steamships with a resultant reduction 

of fuel required for all purposes. However, there are certain good operating reasons why 

such an arrangement is not generally popular. It would be necessary to have an engineer- 

ing force competent to operate and maintain the oil engine. As the pumps essential to the 

operation of the ship’s main engine would be driven electrically, any interruption of the aux- 

iliary oil engine might seriously interfere with the operation of the ship. Fuel oil would 

have to be suitable for the Diesel engine, and in some cases this might necessitate carrying 

two kinds of fuel oil on board with the incidental disadvantages. Duplicate equipments for 

heating, storing and filtering fuel oil would have to be installed. On a steamship, therefore, 

the most generally accepted practice is to install turbine-driven generator sets for auxiliary 

power. 
At this particular time, with the ships of the world tied up owing to lack of cargo, with 

other countries bending every effort to improve their merchant fleet, and with all men in 
this country who have the interests of our merchant marine at heart endeavoring to see into 
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the future and maintain such advantage as we have secured due to the large increase in Ameri- 

can registry, it would seem that the opportunity afforded by this joint meeting should prove 

of inestimable value, as engineering advancement can only be secured when a thorough 

knowledge and understanding of all conditions are recognized by both the manufacturers and 

users of machinery. 

The problem is entirely an economic one. It is only because investigations show that 

the electrically equipped ship can be operated more economically and can earn more that the 

question is being discussed. It is the intention of the writer to endeavor to show why this is 

the case. 

Not much information has been published relating to the details of costs of operation of 

ships. Studies indicate that on new ships electric auxiliaries will show a marked improvement 

in the economy of operation and will increase the net earning capacity. The future will show 

that many existing ships can be operated profitably by the substitution of electric for steam 

auxiliaries. The reasons for expecting such big savings are not at once apparent. Investi- 

gations indicate that the losses are partly due to innumerable small leaks and to radiation; 

in other words, it is the steam which is generated in the boilers but not put to useful work 

that, in a great measure, accounts for the high fuel consumption of many steam-driven ships. 

When it is recognized that steam is kept on hundreds of feet of piping from the boilers to 

the steering engine all the time, and in many ships it is always on all deck lines, to avoid losses 

and leaks incident to expansion strains from alternately heating and cooling, and in the win- 

ter time there are often considerable extra losses incident to keeping steam on deck ma- 

chinery to prevent freezing, it can be seen that it is not by any means entirely due to the in- 

efficiency of steam auxiliaries themselves that we get a poor showing, but to the very nature 

of their application, which cannot be altered. The size of the evaporators fitted in many 

steamships is proof of the amount of steam that is made by the boilers and passed off into 

the atmosphere. 

Auxiliary machinery on ships can be readily subdivided into two broad types: (@) For 

deck use; (b) for below-deck use. The motors most suitable are enclosed, weather-proof for 

above deck, and ventilated for below deck. 

It is not the intention to describe a number of different pieces of electric machinery for 

ships. A study of the technical papers shows an ever-increasing amount of space being 

given to such descriptions. Thoroughly reliable, simple and substantial machinery of vari- 

ous designs has been developed. 

DECK MACHINERY. 

Deck machinery (Plates 29, 30 and 31), properly speaking—that is, all machinery which 

is exposed to the elements and which must be built with this in view—consists generally 

of cargo winches, anchor windlass, a certain number of capstans, mooring winches and 

sometimes special machinery on particular ships. It is true that the steering machinery is 

not generally exposed to the elements, but is, however, very often housed in an extremely 

damp compartment. Continuous operation is vital to the safety of the ship. It will be 

evident that only machinery designed and built for the service should be considered for 

the application. The service of deck machinery is of an intermittent nature except in some 

special ships, that is, certain tankers where the motors for driving the cargo pumps are 

mounted on deck. 
Electric deck machinery has been developed along two fundamentally distinct lines: one 

in which the motor is mechanically geared to the drums, and the other where some form of 
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hydraulic speed reducing gear is fitted between motor and drum. The latter class seems to 
have found considerable favor abroad, where certain well-known manufacturers have de- 

veloped winches, using either the Williams-Jenney or Hele-Shaw hydraulic power transmis- 
sion. Electric hydraulic power transmission is particularly well adapted for steering gear 

work and has been developed in this country. For general winch service the hydraulic pump 
and motor are excessively costly. A brief comparison of winches developed abroad and in 
this country would indicate as follows: 

(a) That the speeds for given load are somewhat lower for the foreign-made winch. 

A drum speed of approximately 175 feet per minute for 5,000 pounds and 250 feet per min- 
ute for 2,000 pounds would seem to be good practice. 

(6) Certain manufacturers abroad have developed very neat worm-driven winches. 
These, if properly built, should be very quiet and, from the descriptions, appear to be quite 

compact. The writer does not know of any winches of this type developed in this country. 

One particular merit of such a winch is that the gear is readily encased, lubricated and 
protected from the action of the weather. 

(c) From several descriptions there appears to be a tendency abroad to operate the 

motors by contactors. While this arrangement has much merit, it takes up additional space 

and costs more to install. In one description it is stated that the contactor controller is be- 

low deck. This, of course, is possible only in certain cases. Where the winches are located 

over the cargo holds, special space must be provided on deck for the control panels, and 
this space, of course, must be properly enclosed. 

(d) There would seem to be a tendency on the part of the foreign winch manufacturers 

to considerably complicate the motor and control by the addition of special safety devices. 

In the writer’s opinion this will be found undesirable. One manufacturer in this country who 

has fitted about two hundred electric winches on ships during the past five or six years 

claims that special safety devices are not only unnecessary but are actually undesirable. For 

the reason that they must be kept in perfect operating condition at all times so as to function 

properly when called upon at infrequent intervals, it will be recognized that apparatus for 

such service is the most difficult of all to maintain. It must be remembered that winches 

are operated in various parts of the world by longshoremen at the ports and not by the per- 

sonnel of the ship. Experience indicates that properly designed and substantial equipment is 

entirely suitable for the service and does not require complicated safety-guarding features. 

(e) With the majority of foreign-built winches it would appear that a handwheel is 

used for operation. This necessitates a tiring and unnatural movement on the part of the 

winch man. The natural motion, and therefore one which can be carried on for hours at a 

stretch without unduly tiring the operator, is similar to working a pump handle—that is, to 

control by means of a lever, raised to raise the load and depressed to lower the load. 

For gear winches the series motor or compound-wound with very small amount of 

shunt winding is the most desirable. Plate 28 shows how the natural characteristics of the 

series motor make it most suitable for winch service. It is found necessary to throttle the 

steam winch at light loads to reduce the speed. In practice, therefore, it approaches more 

nearly the speed of the electric winch. Many winches are fitted with winch heads. When 

handling cargo with these instead of the drum the revolutions per minute will run up some- 
what. However, the winch head being of smaller diameter than the drum, it is generally 

found that the rope speed on the winch head will be about right. 

For all service using hydraulic gear, constant-speed motors are used, either alternating- 

current or direct-current. 



160 | ELECTRIC AUXILIARIES ON MERCHANT SHIPS. 

Of all the electric apparatus aboard a ship the winch is subject to the most abuse. 

Everything about it, therefore, should be designed, manufactured and installed in the most 

substantial and workmanlike manner. 
Specifications for electric deck machinery should cover the following: 

1. Insulation should be as highly moisture-resisting as it is possible to get by the use 

and treatment of the best materials. This applies not only to windings but to all bushings, 

brush holder collars, etc., which, if hygroscopic, are liable to result in grounds. 

2. Motor frames should be thoroughly cleaned and painted on the inside to prevent, as 

far as possible, scale forming by corrosion. 

3. Covers for inspection openings should preferably be hinged and arranged so as to 

clamp tightly. On all apparatus, motors, resistor boxes, controllers, etc., if impracticable to 

hinge the covers they should be attached by swinging bolts. Cap screws or cap bolts should 

not be used, as they are liable to be dropped into the motor or left on deck and lost. 

4, Bearings should be designed to prevent, as far as possible, ingress of water and 

egress of oil due to rolling of the ship. 

5. All apparatus should be provided with some form of drain. It must be recognized 

that, while machinery may be built in the factory so watertight that it can be submerged, 
there is no assurance that this condition will exist after it has been once opened on deck. 

Further, any totally enclosed electrical apparatus is liable to breathe under varying temper- 

atures which may result in an accumulation of moisture by condensation. 
The cost of good electrically fitted machinery installed should be little, if any, more than 

that of high-grade steam machinery. Of course, until apparatus reaches a stage of standard- 

ized production the costs cannot be materially reduced. It must be remembered that, while in 

steam machinery all kinds of economies may be practiced at the cost of quality, in electrical 

apparatus built to withstand marine conditions and severe service a departure from the high- 

est grade is most certain to be followed by failure and consequent cost to the operator. The 

making and insulating of electrical machinery cannot be materially hastened, as the succes- 

sive dryings or bakings of the insulation must be given proper time; otherwise, it may be 

imperfect. The insulation in a marine motor must be moisture resisting to the maximum 

practical extent; otherwise, it should not be deemed proper for the service. 

Plate 29 shows a deck winch developed in this country, several of which type will shortly 

be installed on ships. This winch is a radical departure from the generally recognized de- 

signs using either spur or worm gearing. 

Electric steering gears have been developed for mechanical control of the rudder. For 

these the service is extremely intermittent, operating from two to ten times per minute, which 

means that the motor would be started, stopped and reversed thousands of times during one 

voyage. Such gears require the installation of a motor of sufficient torque to swing the 
rudder to the extreme angle, whereas during most of the time a very small amount of 

power is required. This means loss in efficiency as the motor is operating nearly all the 

time very much underloaded. 

For controlling the steering gear from the pilot house two electrical means are avail- 

able—follow-up and nonfollow-up. The first entails considerably more wiring, a multiple 

switch in the wheel house, a more complicated control in the steering engine compartment, 

and has the disadvantage of moving the rudder step by step a definite number of degrees. 
By the nonfollow-up means the rudder can be moved by fractions of degrees in either di- 

rection; its use, however, calls for the installation of a rudder indicator in the wheel house. 

A device has been worked out to show positively the position of the rudder at any instant, 

using simple means already developed. 
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Special Deck Machinery.—There are many special applications of electricity to machin- 
ery for shipboard not normally included as part of the regular equipment of a cargo ship 
wherein the use of electricity is particularly well suited. By the proper application of prin- 

ciples already worked out, it will be found that towing engines, mooring winches and other 

special pieces of machinery can be built to operate electrically in a very simple manner and 

with as great, or greater, reliability than steam machinery already developed. 

The following is a table of deck machinery which, with slight modification, would be 

applicable to ships of any tonnage between 8,000 and 10,000 tons dead-weight. It should 

be borne in mind that the size of the cargo winches is based upon the best practice for general 

cargo and therefore does not vary greatly with the size of the ship. The number of winches, 

however, has to be modified to suit the number of hatches and derrick booms of the differ- 

ent ships. 

Assumed 
No. units motor Duty 

horse- power 

Anchor windlass........ 1 70 Very intermittent, severe. 
Often submerged. 
May be stalled in operation. 

Cargo winches.......... 12 35 Intermittent. 
Fast cycle, severe duty. 
Sometimes submerged. 
Wide range in loads and speeds. 

Steering gear........... 1 35 Seldom fully loaded. 
Severe intermittent duty with mechanical gear. 
Moderate continuous duty with hydraulic gear. 

Types DEVELOPED (ELrectric Deck MACHINERY.) 

| Drive Motor Speed control 

Anchor windlass and capstan) Spur gear..... Reversing........ Electric. 
Worm gear....| Reversing........ Electric. 
Hydraulic..... Constant speed. ...| Hydraulic. 

f Reversing........| Electric with electric brake (general use) 
Reversing........ Electric with mechanical brake. 

c ek { Worm gear. . j Constant speed. ...| Mechanical brake and clutch (free drum winch). 
neo. eo cies meniescty Spur gear... Constant speed. ...| Mechanical brake hoisting and lowering clutches. 

Constant speed....| Reverse gear and brake. 
Constant speed. ...| No speed control (winch head only). 

Hydraulic.....| Constant speed. ...| Hydraulic. 

Steering gear.............. Spur gear..... Reversing........| Electric. 
Worm gear....| Reversing........ Remote. 
Hydraulic ....| Constant speed. ...| Hydraulic. 

BELOW-DECK MACHINERY. 

It should not be necessary to emphasize the importance of fitting equipment of proper 

design and of the highest grade material, particularly pumps vital to the operation of the 

ship and which must be relied upon to operate continuously day and night for weeks at a 

stretch. 
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The greater part of the electrical machinery below deck is naturally located in the engine 
room. The following table gives a list of below-deck auxiliaries suitable for a cargo ship 

of about 8,000 to 10,000 dead-weight tons and equipped with 2,500 to 3,000 shaft horse- 

power steam turbine. A motor ship requires somewhat fewer auxiliaries, and slightly less 

power is necessary for driving them. Tankers require a number of motor-driven pumps 
for discharging the cargo. These may be installed either in a special pump room or arranged 

with the motors on deck with vertical shafts to the pumps below. It will be noted that in 
the list there are only five sizes of motors. That is with the intent of simplification and to 

reduce the number of spare parts to be carried. A study of particular cases may show that it is 

possible to satisfactorily arrange the engine-room equipment so as to have still fewer sizes. 

BEeLow-Deck AUXILIARIES. 

Assumed 

No. units Canes Duty 

horse-power 

Propulsion: 

1. Circulating pump .. AL 40 Continuous at sea. 

2. Boilerfeed......... 2 29 One continuous at sea. 

3. Forced draft fan... . 1 20 Continuous at sea. 

4. Condensate........ 1 5 Continuous at sea. 

5. Lubricating oil..... 2 5 One continuous at sea. 

6. Oil cooler water.... 1 5 Continuous at sea. 

Up WAC oo s6d000 060 2 5 One continuous at sea. 

8. Fuel oil trans...... 1 5 Intermittent (assume 4 hours per day). 

Service: 

9. Fire and bilge...... 1 10 Intermittent (assume 6 hours per day). 

10. General service..... 1 10 Intermittent (assume 6 hours per day). 

11. Sanitary........... 1 5 Intermittent (assume 12 hours per day). 

12. Fresh water........ 1 5 Intermittent (assume 2 hours per day). 

13. Refrigerating ...... 2 5 One continuous at sea. 

14. Evaporator........ 1 5 Intermittent (assume 3 hours per day). 

SS Ballasteeeeee eer 1 10 Intermittent (assume 4 hours per day). 

16. Workshop......... 1 5 

17. Oil purifier........ 1 5 

San Galley myneenereer 1 5) 

Motors for these auxiliaries should be designed for continuous running, because, while 

certain pumps may be started and stopped frequently, the service cannot be considered 
intermittent. 

In the engine room, and in fact even if placed in the lowest part of the ship, totally en- 

closed motors are not recommended. For continuous operation they would have to be ex- 
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cessively large. With the changes in the atmosphere that take place below the water line, 

enclosed motors would be more liable to sweat and accumulate moisture internally than if 

well ventilated. In general, enclosed self-ventilated motors are recommended for the reason 
that they are often located in congested places where, if open, they would be liable to me- 

chanical injury and in addition would have to be protected from dripping water. How- 

ever, as electrical machinery, when open, is more readily inspected and kept clean, it is not 

essential that the motors be enclosed if located, e. g., on a gallery and properly protected from 

dripping water. Such motors should be screened to prevent rats eating the insulation. On 

tankers, if the cargo pump motors are of the direct-current type and are located in a special 

pump room, they must be provided with some means of ventilation which will insure all 

explosive gases being driven off before the motors are started. 

The motors in the engine room should be insulated with the same care and the castings 

as thoroughly cleaned and painted as the motors on deck. The insulation on all marine elec- 

trical apparatus should be made as highly moisture-resisting as possible. 

As illustrating the adaptability of electrical apparatus, the writer recently saw a report 

from a chief engineer which stated that when the steam engines on his circulating pump 

and dry vacuum pump broke down he replaced them by two deck winch motors. The drive 

was so satisfactory that he intended to recommend that it be made permanent, and inci- 

dentally the ship burned 1% tons of fuel oil per day less after the change. 

Control.—It would seem desirable that the means for starting and stopping each motor 

be located directly adjacent to it. Such starters are relatively inexpensive. They should be 

very substantial and moisture-resisting. Thin sheet iron should not be used, especially on 

any part of the construction which cannot be readily painted, as after a short time it is liable 

to rust and may be the cause of serious trouble. 

On steam ships the motors on the circulating pump, lubricating oil pump, boiler feed 

pump, hot well pump, balancer set or lighting motor-generator set, if any, and steering gear, 

should be fitted with starters, so that when power is restored after an interruption these 

particular motors will immediately start up automatically. The other motors can be re- 

started by the engineer at his convenience. 

Generating Units—A study of the installations on a number of cargo ships of various 

tonnages indicates that on a steamship 150 kw. would give ample power for the deck 
machinery when in port and for the entire engine-room equipment when at sea. Ona motor 
ship about 75 kw. are necessary at sea. Therefore, on cargo ships of about 10,000 dead- 
weight tons, two 150 kw. steam turbines or on the motor ships three 75 kw. generator sets 
would give ample power with one unit for a standby at all times. The auxiliary power in 

many cases will be much greater than 150 kw. on refrigerator ships and on ships fitted 
in part for passenger service. The larger the amount of auxiliary power the greater the 
reason for highly efficient auxiliary turbines. Some studies have shown requirements for 
auxiliary power as great as 1,500 kw. 

Small steam turbines should be rugged and simple, as they will be classed as part of 

the propelling machinery and therefore vital to the safety of a ship. In sizes of 150 kw. 

and even smaller, gear reduction would be recommended, as the best direct-current genera- 

tor operation cannot be expected at the speed at which the turbine should run in order to 

get good economy. It is expected that these sets will be more substantial and rugged 

than sets of similar capacity for land service, where they are at all times readily accessible. 

For the reason that on shipboard there is always possibility of scale or salt passing to 
the turbine from the boilers, it is preferable for the governor to control the speed by means 
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of an oil Servo motor. All parts should be readily accessible. Even with the greatest care 

there is always liability that the lubrication may be momentarily interrupted, and as the bear- 

ings should be examined before the machinery is placed in service they should all be readily 

removable for inspection. An overspeed or emergency governor of the simplest and most 

reliable type should be fitted. Very specific and simple instructions should be issued to show 

the operating engineer the necessity of testing the governing mechanism periodically and 

assuring himself that it is in perfect operating condition. 

THE MOST SUITABLE ELECTRIC POWER. 

All references indicate that at the present time direct current is being generally adopted 

for auxiliary power on merchant ships. Some time ago there was considerable discussion as 

to the relative merits of alternating current and direct current. The following tabulation 

will show why direct current is being used to the greater extent: 

CARGO SHIPS. 

DIRECT CURRENT. 

Arguments For Arguments Against 

1. Commutators require some at- 

tention. 

1. Simple wiring. 

2. Any speed control easily obtained. 

3. Equally suitable for continuous and 

intermittent duty. 

ALTERNATING CURRENT. 

1. Wiring more expensive. 

2. Unsuitable for variable speeds 

necessitating hydraulic or 

other gear for winches and 

windlasses. 

1. Lower cost of motors and genera- 

tors. 

. Absence of commutators. 

TANKERS. 

DIRECT CURRENT. 

. Simple wiring. 1. Commutators require some at- 

dR . Equally suitable for continuous and 

intermittent duty. 

. Speed of cargo pump can be varied 

to suit pressures and most efficient 

rate. 

Be 
tention. 

Little necessity for variable 

speed motors. Special cases 

could be fitted with hydraulic 

or direct-current power fur- 

nished from small motor-gen- 

erator set. 

. Special precautions must be 

taken to ventilate motors in 

tank room. 

ALTERNATING CURRENT. 

1. Lower cost of motors and gener- 

ators. 

Absence of commutators, particu- 

larly desirable in pump room. 

3. Cargo handled by constant speed 

pumps. 

7. 

1. 

2. 

Wiring more expensive. 

Special motors necessary to 

change speed. 
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It would seem that for cargo ships direct current can be used to the greatest advantage. 

On tankers this is not so apparent. 
Except in the smaller ships, it is desirable to use not less than 230 volts. The lower 

voltage necessitates large or more expensive control; also the cost of wiring and switches 

is greater. 
For lighting, the arguments seem to be in favor of 115 volts. This necessitates the instal- 

lation of a small 115/230-volt motor-generator set. The use of incandescent lamps for 230 

volts is not recommended. They are of necessity built with a very fine filament and are, 

therefore, less substantial and, further, are not easily procured in seaports. 

/ 

WIRING AND INSTALLATION. 

It is impossible to speak too forcibly on this subject. A great deal of the criticism of 

electrical apparatus when thoroughly investigated has been found to be directly due to faulty, 

careless, slipshod methods of wiring and installation. Care and attention have been given to 

choosing apparatus, but the method of installation, the kind of wire, and many details of 

vital importance have been left to the wiremen’s discretion with the inevitable result. 

It is not the intention here to suggest that definite rules be laid down. Each engineer 

must work out his own particular problems. Certain underlying fundamentals, however, can 

generally be applied. The following are recommended: 

That the wiring and distribution in the engine room be made as simple as possible, with 

relatively few circuits. 
The switchboard should be largely a distribution panel designed with the idea of attain- 

ing maximum simplicity and occupying the least amount of engine-room space. 

Circuits may be led from this distribution panel to different parts of the ship where they 
may be further subdivided, as, ¢. g., five circuits for deck machinery, No. 1 to the steering 

engine, No. 2 to the after hatches, No. 3 to the forward hatches, No. 4 to anchor windlasses 

and forward capstans, No. 5 to after capstans. This will permit opening all the winch cir- 

cuits when at sea and also allow for thorough inspection and try-out of the capstans, an- 

chor windlass or steering engine when in port, even if cargo is being handled. 

In the engine room a similar method may be applied, one circuit to the engine-room 

auxiliaries, port side, and another to the starboard side. By such simplification it will be 

possible to obtain low cost with maximum reliability. 
Cables should not be run in conduits except, perhaps, for very short lengths where 

necessary for mechanical protection. Cables in the engine room should be run overhead. 

All cables should be thoroughly anchored so that the covering will not be chafed, due to 

vibration. 

OPERATION. 

To study the relative merits of ships’ auxiliaries, it is necessary to consider the part 

which they play in the economic operation of the ship. 
For certain special types of ships designed and built to operate for some particular 

service, stich as tankers and lake ore carriers, it is not difficult to show definitely why a cer- 

tain installation will give the best return on the investment. 
In the cargo ship, however, the problem is not so clearly cut. While it is true that a 

certain number of ships may be designed with the intention of traveling particular trade 

routes and handling a special cargo, it is often found that their schedule must be modified. 
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Therefore the general cargo ship must be built to handle all kinds of cargo, and at best, 

therefore, the apparatus with which it is equipped is somewhat of a compromise. 

It is not possible to make any exact general statement as to the proportions of the vari- 

ous items constituting the cost of operating merchant ships. They may, however, be listed 

as follows: 
1. Fuel and lubricating oil at sea and in port. 

2. Port charges including wharfage, lighterage, pilot fees, canal dues, stevedoring, tug- 

boat charges, etc. 
3. Salaries and subsistence. 

4. Upkeep and repairs, deck department. 

5. Upkeep and repairs, engine department. 

6. Supplies, engine, deck and steward’s departments. 

7. Insurance. 
8. Loss and damage. 
If we assume a 7,800 deadweight-ton ship fitted with 2,500 horse-power steam turbine 

on a schedule for coastwise service between New York and Seattle, stopping at San Pedro 

to load and discharge cargo and making four round trips per year, the charges might be 

approximately as follows: 

OPERATING DISBURSEMENTS. 

EE) Barents | GnMEaE oie 
Tea uel acie parce iranian $81, 300 14.8 $81, 300 

2. Port charge......... 290, 420 52.9 211, 020 

3. Salaries .........-.. 60, 490 11.0 60, 490 

4. Repairs, deck....... 10, 000 1.8 10, 000 

5. Repairs, engine..... 20, 000 3.7 20, 000 

GN Supplicssae senna ee 20, 250 Bi 20, 250 

7. Imsurance........... 62, 400 11.4 62, 400 

8. Loss and damage.... 38, 650 ai 3, 650 

Totaly, Wane mate $548, 510 100 $469, 110 

Many of these would be affected by electrification of auxiliaries, and the net reduction 

would be very considerable. 
1. Fuel, etc-—In the usual marine geared turbine installation with steam auxiliaries, 

the pressures generally carried are as follows: 

Gauge 

Boiler pressure ey Mane icra Weretenene since lasses lie revatio 210 pounds, 

Turbine ‘bowl 5 Mages vated ssi aeame Sicha sale ctialeve ss a ee Nee 200 pounds. 
Auxiliary ‘steam lime wisn eve salvevelferyalalsvel nis lcsal dele aeons 100 pounds. 
Avuxiliany: | exlasturls uel iets ayetle sxGlelalelads ay.tsea aster eee 10 pounds. 

Superheat! (200 a as See EIU OI 20 a ea Re Tay) RY. 
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The auxiliary exhaust steam is used to heat the feed water, and that which is in excess 
of feed-water heater requirements is by-passed to the main condenser. 

Under full power, a fair operating average for this type of installation is as follows: 

Steam Consumption Per Hour: 
Pounds 

Main) turbinte, 2/500 IOrse- power - ister. ttre ele wi dnd alas vine va ss 28,875 
Steam vatncltartesmatmseaeerr eile tvsvcisecears ee ore clever cee ste lier 12,500 

Motalasteanmconsumpttone nn sols ee eioeeisl wits weva cae ees 41,375 

Steam Per Shaft Horse-power Hour, All Purposes: 

41,375 __ 
2,500 ~ 16.5 pounds. 

Boiler Evaporation.—With water tube boilers, Howden draft system, feed water de- 

livered to boilers at 220°, 210 pounds gauge pressure and 75° superheat, a conservative esti- 

mate of the actual evaporation per pound of fuel oil is taken at 13.5 pounds. 

Fuel Consumption: 

Fuel per hour = “oe == S(VOS joule, poosononncconuee = 9.6 bbls. 

Fidelis perme dayan/ S60 pounds sn ss 4i4 i.e dled ayete lsd ene s cick os = 32.8 tons. 

Fuelttintibannelsy per day) 68 .ccy 2 te she gelneecselec seek eo 230 

Fuel Per Shaft Horse-power Hour: 

S005" 0 
2.500 1.23 pounds. 

Fuel in Barrels, Per Knot: 

Assuming a speed of 10.5 knots, = 0.915 barrel per knot. 

The economy to be gained through the application of electrically driven auxiliary ma- 

chinery, in fuel consumption alone, may readily be seen from the following estimates: 

ELECTRIC AUXILIARIES. 

Superheat, 75° F. 

Heating Feed Water——The proposed method would be to extract sufficient steam from 

the turbine for feed-water heater requirements. 

Steam Consumption, Per Hour: Pounds. 

Main: turbine,)2;500lhorse-powerns: a .jciswoh sek sls Gate sad al 30,600 

iti ine SETS TAC OTe va N RR ytepees Talay Uebel thc eS aS ae'tanelene vie dele 2 2,640 

PACT: JERE COT a-ha) rere ERR a ehenay a Ne Leila ake deare -gldde Saas ecuitasc 1,000 

ARO tall Nageaeiae Mee eee steven crite) Vena et OnN Ss oR BL oN Me. 34,240 

NotE:—3,600 pounds per hour steam will be extracted from main turbine at about 10 

pounds gauge to heat feed water. 
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Steam Per Shaft Horse-power Hour, All Purposes: 

34,240 
2,900 

= 13.7 pounds. 

Boiler Evaporation.—Estimated for comparative purposes at 13.5 pounds per pound of 

fuel. With the lesser quantity of steam to generate, however, the boiler efficiency would be 

improved in actual practice. 

Fuel Consumption: 

34,240 
Fuel per hour, Susi Sian 2,536 pounds = 7.9 barrels. 

Fuel per day, 60,864 pounds = 27 tons. 

Fuel per day, in barrels = 189 barrels. 

Fuel Per Shaft Horse-power Hour: 

2,936 
2,500 1.01 pounds. 

Fuel in Barrels Per Knot: 

710.5 
Assuming a speed of 10.5 knots = 0.75 barrel per knot. 

The application of high superheat, well within the limits of present-day design, and elec- 

tric auxiliaries present a very interesting and high economic value in ship propulsion. 

ELECTRICAL AUXILIARIES. 

Superheat, 200° F. 

Steam Consumption, Per Hour: Pounds 

Meaiistan bine 275 OO mhorse-powetese sei rerwe reenter ete tier 27,000 

shurbineseeneraton yee ieee ere rare cenit 2,400 

IN e SACs Wrala ao mN a aiAlale Gio O paliecidenp o:G.0 6. FeO ee Gplo olooe/o.0 1,000 

30,400 

Norte :—3,000 pounds per hour steam will be extracted from main turbine at about 10 

pounds gauge to heat feed water. 

Steam Per Shaft Horse-power Hour, All Purposes: 

30,400 

2,900 
= 12.15 pounds. 

Boiler Evaporation: 

Assumed at 13 pounds per pound of fuel. 

Fuel Consumption: 
30,400 

13 

Fuel per day, 56,200 pounds = 25.1 tons. 

Fuel in barrels per day = 176 barrels. 

Fuel per hour = = 2,340 pounds = 7.33 barrels. 
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Fuel Per Shaft Horse-power Hour: 

2500 ~ 0.936 pound. 

Fuel in Barrels Per Knot: 

7.33 
Assuming a speed of 10.5 knots, 105 = 0,698 barrel per knot. 

These estimates show the saving in fuel consumption by the use of electric auxiliaries, 

as follows: 

Saving in Fuel Consumption (at sea): 

Steam auxiliaries, 230 barrels. 

Electric auxiliaries, 189 barrels, 17.3 per cent. 

Electric auxiliaries, with 200° F., 176 barrels, 23.5 per cent. 

Saving Per Year: 

208 days at sea, oil at $1.50 per barrel. 

Electric auxiliaries, 8,320 barrels at $1.50 = $12,480. 

Electric auxiliaries, with 200° F. superheat, 11,250 barrels at $1.50 — $16,900. 

In the estimate, an allowance was made of 40 barrels per day in port. With electric 

auxiliaries and economic engine-room machinery, it should be possible to reduce this by one- 

half. 

157 days X 20 pounds X $1.50 = $4,710. 

With a good system in the engine room, the lubricating oil required would be greatly 
reduced. 

2. Port Charges—lIn giving thoughtful consideration to improving the earning power 

of a ship, it will be recognized as essential to decrease its idle time, as certain charges are 

continuous, whereas the ship is actually earning money only when traveling between ports. 

When it is realized that the average cargo ship makes only about 36,000 miles per year and 

that at an average speed of 10 knots, which means that she is at sea only about 150 days out 

of a year, it is very evident that there is a big field for improvement. 

Port charges estimated for the coastwise schedule mentioned above are as follows: 

Los San 
Angeles Francisco Saale Wate 

(a) Wharfage.......... $1, 560 $3, 120 $3, 120 $15, 600 

(D)elightera ges. 455 yal lievgatere tee rectal | reece Grace niece teagan se eck! Gioia alee SUMlh rst awe nis vae, den tesa attieie 

(c) Pilots’ fees ......... : 200 Q2BO leas ken se 652.56 

(d) Stevedoring ........ 3, 120 15, 600 

(©) ugboaticharges): .42/|) 4 plOO ae ae serene nt ee ees 200! alld lenin 300 

yp Gan aledues).:\. ance ese v cee a1 Mp aeL OOmmtead fetolayercieya sicker avmetecgtstesusce alle ove wiclaeialoroiets 4, 150 

Total) penitrip aac eluaere sees nec tear e rte toes ois a Selerctaes rei shsyaveenchalatioavate mitre $ 36, 302.56 

Dotalper year: (four; rounditrips)) aaa qcseyaene eg ssa saws aie a aa omde an shoei eels ae 290, 420.48 
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It will be evident that any means which will reduce the time a ship has to lie at the 

wharf loading or unloading cargo should lessen the two items, wharfage and stevedoring. 

The writer has been informed of specific cases where ships have been delayed at docks due 

to freezing of steam-deck machinery. He has also been informed of a specific case where 

with two similar ships loading and unloading the same kind of cargo at the same dock and 

with the same stevedore foreman, the electrically equipped ship loaded in very much less time. 

Another specific case was where a number of ships fitted with steam-deck machinery had to 

await the derrick to assist in loading heavy cargo, while a ship fitted with electric machin- 

ery was able to handle its own cargo and saved a number of days delay. 

Delays have been experienced with steam machinery due to low steam pressure. This 

may not be due to drop in boiler pressure but to loss in piping. With electric equipment there 

is always ample power available for the winches. 

By the use of the most suitable electric machinery, it should be possible to reduce the 

item of port charges 10 per cent. In the estimate given above this would mean approximately 

$30,000 per year saving. 

3. Salaries.—In all probability the salaries would not be directly affected. In the larger 

ships and in those where there is a very large amount of auxiliary power it might be found 

desirable to increase the salary slightly for one of the positions, in order to secure a man 

with electrical experience. 

4 and 5. Upkeep and Repairs—Both of these items should be reduced. With prop- 

erly designed electric machinery, the charges for repairs and maintenance would be less than 

with steam machinery. If compared with many existing ships, a 20 per cent reduction would 

in all probability be a conservative estimate. If we only allow 10 per cent, however, this 

would mean a saving of approximately $3,000 per year on the above estimate. 
6. Supplies—This item would not be appreciably affected in the deck department, but 

for the engine department there should be a material reduction. A saving of 10 per cent 

might be expected, which would amount to $2,000 per year. 

7. Insurance.—The assured reliability of proper electrical machinery in the engine room, 

along with the elimination of a large amount of piping carrying high-pressure steam, 

should have a direct bearing on the insurance rate. Indirectly, by reducing the loss of steam 

it should be possible to maintain the water in the boilers in almost perfect condition. This 

should still further add to the safety of a ship. It would seem to be justifiable to expect 

that the insurance premiums can be decreased about 5 per cent; this would mean a saving 

of approximately $3,000 per year. 

8. Loss and Damage.—This item in all probability would not be affected. 

The sum of the different gains mentioned above totals $55,190 per year. The amount 

of saving that can be shown by other estimates will naturally vary with conditions. In any 
estimates the possibility of making a substantial gain in the earning capacity in a ship is a 

real one. Having in mind certain ships, there is every reason to believe that the figures men- 

tioned above might be increased. 

One of the latest British combined cargo and passenger ships is equipped electrically 

and is fitted with over 100 motors driving auxiliary apparatus. Needless to say, the owners 
of new foreign ships are fitting them with electrically driven machinery only because they 

have satisfied themselves that it is profitable to do so. We engineers in this country should 

combine our efforts and avail ourselves of every opportunity to improve the efficiency of 

our merchant ships to the end that they may be able to successfully compete with the modern 

ships being placed in service by the other countries. 



ELECTRIC AUXILIARIES ON MERCHANT SHIPS. 171 

DISCUSSION. 

Mr. Frep C. Bates, Visitor:—In 1895 I made a trip from Germany to China on the 

North German Lloyd steamship Prinz Heinrich which was exclusively equipped with elec- 

trically operated cargo winches. In an incautious moment, I wrote a letter to Mr. Maxwell 

W. Day, of the General Electric Company, in which I outlined some of my old experiences, 

the letter having been prepared largely for the use of those unfortunate men who by force 

of circumstance are compelled to get their marine experience on land. 

I believe that the Prinz Heinrich was the first ship that was ever exclusively equipped 
with electrically operated cargo winches, although the steamship Darmstadt of the same fleet 

had been partially equipped the year before. I spent about six months on board this ship in 

immediate charge of the electrical equipment, consisting of two 75-kw and one 35-kw direct- 

connected, direct-current, 125-volt generators and six cargo winches mounted on deck. 

Many things have changed since 1895. Insulating materials have been vastly improved; 

protective devices now in common use were then unknown, and many other improvements, 

both mechanical and electrical, have been made. I would, however, venture to assert that the 

grim old sea is unchanged; that the weather conditions under which operation must be main- 

tained are just as vicious in 1921 as in 1895, and that the tricks of the gentle stevedore, be 

he black, white, brown or yellow, are just as stupid and just as rough as ever. 

The ship was built by Friedrich Schichan & Company at Elbing, near Danzig. She was 

11,000 tons displacement, made about 14 knots,and was built for mixed cargo and passenger 

service in the tropics, hence the use of electricity in order to maintain a cool ship. The elec- 

trical equipment was furnished by the Union Elektricitats Gesellschaft, since absorbed by 

the Allegemeine Elektricitats Gesellschaft. 

My data covering the winches have been long since lost or mislaid, but some old bulle- 

tins were found in the archives of the General Electric Company which reveal the fact that 

their capacity was 6,600 pounds at 1.64 foot-seconds or 3,300 pounds at double speed. The 

motors were from 10 to 15 horse-power capacity at 450 R. P. M. The winches were installed 

one forward and one aft on the upper deck, two forward and two aft on the main deck. 

A merchant ship is only in port when unloading and loading cargo. The rest of the 

time she is at sea; therefore a winch that breaks down in service in port must be repaired 

at sea, perhaps with a rolling ship in a storm, in order to be ready for service in the next port. 

The apparatus mounted on deck is exposed to extremes of temperature, making the 

problem of lubrication difficult and necessitating the greatest care in the design of arma- 

tures, fields and resistances. 

Apparatus mounted on deck is exposed to all forms of moisture, rain, snow, sea water 

and fog. While at sea the apparatus can be protected by tarpaulins, but in port the apparatus 

must be uncovered and operate under any conditions of weather. The location with respect 

to hatches and overhead tackle determines the amount of protection that can be given to ap- 

paratus and operator, but as a general rule any sort of protection impedes operation. Com- 

plete housing would be expensive, as it would have to be strong enough to withstand winds 

and waves. 

The duty of such winches is most difficult. Long pieces of cargo such as bar iron or 
fabricated steel, if unskillfully “slung,” will jam across the hatch opening. The operators 
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often run out 10 or 20 feet of chain and “break out” the cargo with a winch at full speed. 

All this abuse requires extraordinary strength in shafts, keys, couplings, gears, etc., and 

most careful selection of electrical protecting devices. 

We sailed from Bremerhaven, having loaded ship with her own electric power. At Ant- 

werp the hydraulic dock equipment was used for loading and unloading. Our electric power 

was used in Southampton and also for light duty at Genoa and very heavy duty at Naples, 

where all the winches broke down, and we sailed for the Far East with 4,000 tons of cargo 

and not a winch working. It was quite evident that this particular equipment was inade- 

quate, and after having shared the responsibility with the officers of the ship by a letter in 

which this inadequacy was expressed, I had the most cordial, helpful cooperation from these 

splendid companions and shipmates. 

The controllers were changed when we returned to Germany, but they were not success- 

ful and were changed again upon the second return. This time they were found to be entirely 

successful. I secured my acceptance of the equipment at Port Said and returned home on 
another ship. 

We left Germany without spare parts of any kind. At every port we made vain efforts 

to secure electrical supplies; none of the big shipyards had such supplies, and none of the cities 

we visited had shops or stores for the sale of this material. When we got to Port Said a 

friend took me to his storehouse and loaned me a miscellaneous assortment of wire and 

switches. 

The engines were very bad, and we were unable to obtain proper regulation. On an old 

English tramp built on the Clyde which came into port, we found some good governors built 

by a concern called Clark & Chapman. After the purchase and installation of these gover- 

nors, we had no further trouble with the engines and, as far as we know, they are still in 

operation. 

The operation of the electrical winches was alleged to be as simple as the operation of 

steam winches and, while this was true later on, it was by no means so at first. The North 

German Lloyd had contracts with stevedore gangs in different ports, and as they had been 

accustomed to the operation of steam winches we had a great deal of difficulty in teaching 

these stevedores to use the electrical winches. The Chinese operators were the best. All we 

needed to do was to tell “No. 1” what his men were to do, and they did it without variation 

hour after hour. 

In 1896 the steamship Bremen was laid down in the yards of Blohm and Voss. She was 
equipped exclusively with electrical cranes which were very successful. 

The Prinz Heinrich is now the steamship Porto belonging to the Portuguese government 

and sailing from Lisbon. Information received within a month through confidential sources 
is to the effect that the electrical cargo winches on this ship are still operating. We had no 

electrical failures. Our troubles were entirely mechanical, due to improper selection of ma- 

terial and a lack of knowledge of the sea, and of the service which the winches were to per- 

form, but the outstanding fact still remains that this electrical equipment put into service in 

January of 1895 is still in commercial service in November of 1921. 

Mr. G. H. Jerr, Visitor:—In my invitation to present a discussion of the paper on 

Electric Auxiliaries I was advised that the time allotted for such discussion would be ten 

minutes. This, as you will understand, will prevent my going into any phase of the subject 

in detail, especially the very important subjects of costs of installation, operation and repairs. 
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It is very gratifying to me that an engineer of one of the leading electrical manufacturers 

should so strongly advocate the simplifying of wiring and control for electrical equipment on 

board ship, as Mr. Dickinson has done in his article. It would appear that, until recently, 

manufacturers have not fully appreciated the conditions on board ship as differing greatly 

from those in shore plants. There are many examples of ship installations where recommen- 

dations have been made by electrical manufacturers following closely the practice generally 

in use in power stations on shore, resulting in the use of unsuitable motors and equipment 

and in some cases a far too elaborate and complicated system of wiring and control appa- 

ratus. In general, I concur in Mr. Dickinson’s opinions and recommendations and will at- 
tempt to discuss only certain particulars. 

In our merchant ship installations, in my opinion, the following are the most essential 

points to be borne in mind: 

First, that the proper type and capacity of motor be selected, particular attention to be 

paid to the waterproofing of motors for all deck equipment. Without question the charac- 

teristics of the series direct-current motor make it particularly well adapted for cargo winches, 

windlasses and capstans. 

Second, that the control equipment for all electric motors and apparatus be limited to 

the very minimum consistent with safety, hand-operated devices being used wherever prac- 

ticable to eliminate danger of failure through burned-out shunt coils or other parts. 

Third, that all protective devices limiting current to motors or equipment be installed 

in engine-room compartments or at least where it will be under the supervision of the per- 

sonnel of that department, eliminating the possibility of deck hands or stevedores having 

access. 
Fourth, that in all wiring, as far as practicable, marine armored cable not enclosed 

in conduit be used and that the amount be limited to the minimum consistent with proper 

grouping of circuits. 
In this connection I want to say it is not my idea to eliminate any particular thing 

being proposed by the electrical people, but I do think it is necessary to limit to the very 

maximum the amount of equipment, whatsoever, to simplify it as far as it is possible to 

do so. In Mr. Emmet’s talk he called attention to the fact that—and I agree with him— 

the problem of training personnel for electrically driven ships is not what it is under- 

stood to be by many. However, I want to call your attention to the fact that in public 

service corporations, electric light and power plants, they do not have the engineers of 

these power plants make repairs to electrical equipment. They have specialized men for 

armature winding and winding of shunt coils who look after all the details of the equip- 

ment, and the steamship operator does not like the idea of facing the possibility of highly 

trained specialized men on shipboard, and for that reason I think it is most important, in 

view of the personnel going to sea at the present time, to eliminate to the very last degree 

the installation of unnecessary equipment. Every foot of wire and every shunt coil makes 

another possibility of trouble. The motors as now supplied for ships are rugged and will 

stand a lot of abuse, but they do need a certain amount of protection. 
The subject of rope speeds in handling cargo with deck winches is a very important one, 

on which there is a great divergence of opinion, there being but little reliable data and records 

available. Many of the steamship companies contemplating new construction are frequently 

demanding rope speeds which, I am satisfied, are far in excess of the speeds at which it would 

be practicable to handle cargo. In most cases their demands are based on incorrect infor- 
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mation as to speeds at which cargo is handled by steam winches. I have made an extensive 

study of this subject, and it is my opinion that only in exceptional cases is a rope speed of 

250 feet a minute reached in handling sling loads of cargo even as light as 1,000 pounds, but 

the items of greatest importance are the acceleration and the speed of raising and lowering 

light hooks. In the design of electric cargo winches, in deciding on the size of the motor, 

you must take into consideration the speed at which the various weights of cargo are to be 

handled. 

I do not agree with Mr. Dickinson’s recommendations as to the size of motors required 

for deck winches on 8,000 to 10,000-ton cargo ships. In my opinion 25-horse-power motors 

are ample for any cargo winch except in case of very deep holds of the largest vessels. The 

majority of 8,000 to 10,000-ton deadweight vessels have but eight steam winches, usually 

with engine cylinders of 8%4 inches by 8 inches or the equivalent. It has been demonstrated to 

my entire satisfaction that an electric winch equipped with a 25-horse-power series direct- 

current motor will more than equal in every respect the performance of an 8%-inch by 10- 

inch steam cargo winch. It is my belief that the load factor or ratio of average to maximum 

load, and consequently the size of winch motors required, is overestimated. 

Referring to Mr. Dickinson’s comparison between electric and steam operated auxilia- 

ries as to fuel consumption, because of the many elements to be considered, it is very difficult 

to determine the possible fuel saving to be effected in the operation of the engine-room auxili- 

aries, this being a matter on which there are very little accurate data available. Advocates 

of steam equipment will no doubt take exception to the figures presented in Mr. Dickinson’s 

paper. An important item to be considered in this connection is the fact that electrically op- 

erated equipment can be maintained at a higher operating efficiency than steam equipment. 

Electric motors will continue to operate at practically maximum efficiency as long as continued 

in service, as compared with steam equipment, which is subject to the usual adjustment and 

wear of steam valves, wear in cylinder liners, broken or loose piston rings, condition of steam 

packing, etc. The figures presented by advocates of steam equipment would of course be 

based on the equipment being in its most efficient operating condition, which is not generally 

maintained in service. 

In my opinion Mr. Dickinson has been entirely too conservative in his estimate of the 

possible economy of electric deck winches over steam equipment, both in the case of fuel for 

operation and repair costs. There are considerable accurate data available on this subject. 
The following data were obtained as a result of recent carefully conducted tests under 

actual operating conditions on a vessel of 11,600 tons deadweight equipped with three Scotch 

boilers, oil fired; main propulsion electric drive; engine room and deck auxiliaries steam 

driven; deck equipment included twelve cargo winches, steam cylinder sizes 7 inches by 

10 inches: 

Usual engine-room auxiliaries operating twenty-four hours and an average of ten 
cargo winches operating from eight to nine hours. Average fuel consumption 

Per day, CONS ye REM i LIers 08) Se Se ce lw, OO AA eee OT ee 11 

Usual engine-room auxiliaries in operation twenty-four hours, no cargo winches or 

other deck auxiliaries operating. Average fuel consumption per day, tons.... 4 

One cargo winch in operation for five hours continuously handling 1,000 pounds 
sling loads of cargo from hold of ship to dock. Average steam consumption per 

1505 1 pape |S CRM AID aS sae ak ci Ohl ALANS Pht IGM aA Bue Mead Gls Gig! alo gio 1,200 
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Calculating boiler evaporation at 13 pounds per pound of fuel, to supply steam for 

this winch operated under above conditions would require a minimum fuel con- 

SEM tion per’ HOtrs Heb CIOS Mew te aie « loteleienaleichcvsls ic vies maind as Ghai germ eided 92.3 

To determine the amount of steam consumed in the above operation, exhaust steam 

from this winch alone was condensed into a specially constructed measuring tank. 

In comparison with the above, the following report on the performance of the motor 

ship Kennecott is quoted. The Kennecott is a 6,000-ton deadweight vessel equipped with 

Diesel engine main propulsion, all engine-room and deck auxiliaries being electrically driven 

from auxiliary Diesel engine-driven generating sets. Deck equipment includes eight 25- 

horse-power dynamic lowering type electric cargo winches: 

Vessel was at Seattle pier for a period of ten days, during which time 3,000,000 feet 

of lumber were loaded. During this period of ten days the engineer’s log shows 

that but 31 barrels of fuel oil were used for all purposes, including auxiliary 

Diesel engine generating set consumption for operating engine-room auxiliaries 

and cargo winches. Average daily fuel consumption (barrels) ............. 3.1 

Later reports of the Kennecott show that— 

Under average operating conditions engine-room and auxiliary equipment in opera- 

tion twenty-four hours per day, deck winches in operation from eight to nine 

hours per day. Average daily fuel consumption (barrels) ................. 4Y, 

The above data are evidence of the economy to be effected in the use of electrically op- 

erated deck auxiliaries, but of course cannot be used as a comparison of fuel consumption 

for engine-room or other auxiliaries. 

In giving these figures I made no attempt to make a detailed comparison or make any de- 

ductions. You may make your own deductions, but the figures I have given are unques- 

tionable evidence of the possibility of economy, and, taking these figures, you can work it 

out on any basis you wish, and it will result in showing very decidedly in favor of elec- 
tric auxiliaries. 

Mr. Witiiam W. Situ, Member:—Mr. President and gentlemen, on page 160 the 

author states that the cost of electrical deck machinery is little if any higher than steam ma- 

chinery; I have found the reverse to be true to a very marked degree. For example, the cost 

of the steam deck machinery for a 10,000-ton cargo vessel was $33,000, whereas for elec- 

trical machinery, to perform exactly the same work, the cost was $80,000. It may also be 

pointed out that the cost of a 5-ton steam winch was about $1,500, whereas for an electric 

winch of the same capacity the cost was about $4,300. In view of these figures it is difficult 

for me to understand the author’s assertion. 

Referring to the comparison given on pages 167 to 169, I would suggest that the author 

add a brief description of these installations to give a better understanding of the comparisons. 

On page 167 the author states that the excess auxiliary exhaust steam is by-passed to the 

condenser. Thus all of the available energy in this steam is wasted, which is not done in prop- 

erly designed installations. Approximately 4,550 pounds of auxiliary steam are condensed in 

the feed heater. This leaves 7,950 pounds which could develop power in a low-pressure tur- 

bine under efficient conditions. Since there are no data for the turbine referred to, let us 
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assume that this steam is passed into the low-pressure element of a Parsons turbine and ex- 

panded from 5 pounds gauge to 2834 inches vacuum. It is assumed that superheated steam 

(75 degrees) is supplied to the auxiliaries; that it is approximately saturated upon arrival 

at the turbine; and that the exhaust pressure is reduced from 10 to 5 pounds. With satu- 

rated steam, the slow-pressure turbine will develop a horse-power on 23 pounds of steam, 

so that 346 horse-power could be developed by the steam which is wasted. This represents 

about 14 per cent of the total power of the turbine. It is needless to say that this is not a 

suitable basis for an accurate comparison. 

The steam consumption given for the auxiliaries is about 50 per cent higher than I would 

estimate it to be for properly designed auxiliaries. It is also noted that this consumption is 

about 40 per cent of that of the main turbine. I would say that this figure would represent 

inefficient machinery or performance. 

On page 167, the steam consumption per S. H. P. is given as 16.5 pounds. _ This is not 

representative of efficient machinery of this class, for which the consumption should be 1414 

pounds or less. Also, the fuel consumption per S. H. P. is higher than it should be for such 

machinery with reasonably good operation. 

It is not clear from page 167 whether the turbo-generator is condensing or non-conden- 

sing, and where the exhaust goes to. It would also be interesting to know the horse-power 

and other particulars upon which this performance is based. 

On page 169, under “saving in fuel consumption at sea,” the author has allowed the same 

quantity of auxiliary steam for both 75 and 200-degree superheat. This cannot be consid- 

ered accurate, since the power and steam consumption of the auxiliaries should be approx- 

imately proportional to the turbine steam consumption in two equally well-designed installa- 

tions. It is not clear, but it is assumed, that the main turbines for both steam and electrical 

auxiliaries operate under the same steam conditions. Otherwise the comparison would be of 

little value. 

As pointed out above, 14 per cent in equivalent turbine power is wasted, and conse- 

quently this comparison cannot be considered as reliable. The same applies to the saving per 

year. Under this heading, also, no account is taken of depreciation, repairs, etc., which 

amount to about 12 to 14 per cent of the first cost, which is considerably higher for the elec- 

trical auxiliaries. 

My conclusions after investigating the subject of electrical auxiliaries for cargo vessels 

were as follows: 

1. Two large turbo generators were required. 

2. We could not get electrical auxiliaries into the same engine room as used for steam 

auxiliaries, and additional space had to be allowed. 

3. The electrical auxiliaries were heavier and more expensive than the steam auxiliaries. 

4, The saving in steam and fuel consumption was not sufficient to justify the use of 

electrical auxiliaries. 
I regret that I cannot give more specific data (including weight, cost, fuel consumption, 

etc.), since this would be desirable. 

On page 170 it is implied that electric winches will handle cargo faster than steam 

winches. I do not think this can be considered as an accepted fact. For machinery of the 

same capacity, I do not believe there will be enough difference to be of importance in the 

usual class of cargo handling. In special cases there may be advantages of importance, which, 

of course, should be given due consideration. 
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Failure of steam to flow through pipes I do not believe can be considered as a very seri- 

ous defect of steam machinery, and any failure of boiler pressure would affect both types in 
the same way. 

Referring to the cost of insurance, the fact is that this is somewhat greater because the 

first cost is greater. 

Referring to the other savings referred to on page 170, there appears to be no sound 

basis for these assumptions, which I should say were very doubtful. This also applies to the 

total saving of $55,190 on page 170, which is also rendered inaccurate by the cigineroom 
comparison as mentioned above. 

There is no doubt a substantial saving in fuel in port, and a minor one at sea. There 

may also be a slight saving in supplies, repairs, etc. Altogether, however, I do not believe 

the investment will pay. 

Steam deck machinery is without question inefficient, and there are large heat losses in 

piping, etc. However, it is a great deal lighter and cheaper and so far appears to have the ad- 

vantage for steam cargo vessels. 

However, for motor ship and passenger vessels the conditions and considerations are 

different, and for such vessels, especially the former, electrical auxiliaries seem to be the more 

suitable. In motor ships no main boilers are available, as in steam vessels; and in passenger 

vessels the considerations are often other than economic. 

In general, although electrical auxiliaries, and especially those outside of the engine room, 

are generally preferable mechanically and from an engineering standpoint, they cannot be 

used in all cases because of the economic requirements. I may say in closing that reduction in 

weight and first cost would greatly accelerate the use of electric auxiliaries on shipboard. 
1 

Mr. G. A. Prerce, Visitor:—The author is to be congratulated upon the clear and con- 

cise statement in paragraph one of his paper. 

The equipment of modern motor ships answers the question of electrical auxiliaries as 

far as reliability and economy are concerned, and it is to be regretted that we are compelled 

to refer to foreign-built ships for the principal data of their performance. No less than sixty- 

six of one type are in successful operation and foreign yards are building motor ships today 

in greater number than our combined effort of all classes. The motor ship with steam auxilia- 

ries is a failure, as was proven in the case of the S. S. California. This was the wrong ap- 

plication of an otherwise perfectly good auxiliary, as steam auxiliaries in many instances 

are to be preferred to electrical. 

Paragraph 4 does not appear consistent with the remainder of the paper in endeavoring 

to establish operating economies by the use of electrical auxiliaries, as greater economy can 

be realized by the use of Diesel prime movers for generating current than by the use of elec- 

trical auxiliaries in place of steam, as the fuel for the Diesel engine would cost only one- 
third of that of the steam turbine. The adoption of electrical auxiliaries will involve trained 

men, the handicap mentioned in connection with the Diesel, and it is my opinion that at no 

remote date licensed engineers will be required to be familiar with steam, oil and electrical 

machinery, and there are, no doubt, many instances today of cargo ships which would not 

only warrant the expense of additional machinery and personnel but would show a substan- 

tial saving, and on the basis of the author’s conclusions three times as much. 

Referring to paragraphs 5, 6 and 7, relative to the cost of carrying cargo, the answer 

is not alone in electrical auxiliaries, as that cannot be a deciding feature, but in the motor ship 

which includes electrical auxiliaries. 
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Relative to deck machinery, we agree absolutely with the author in that none but the 

most careful design and the best of materials and workmanship should be used, as the ap- 

paratus is exposed to all sorts of weather and operated by unskilled men. The deck 

winches largely used in this country, using a series motor with a small shunt winding, 

have spur reduction gear and manual control which is simple and efficient and has been 

developed to a high degree of satisfactory operation, so that safety appliances other than 

over-load and no-voltage are unnecessary. Improvements can be made by the addition 

of automatic control, just as in land practice, thus eliminating the personnel element in 

operation. This, however, cannot be done with success until the ship operators are willing 

to pay for competent maintenance, men to keep the apparatus in repair, and the expense for 

competent men should be considered in any scheme of electrical auxiliaries. It may be of 

interest to many to know that on the recently built motor ship William Penn the 5,000-pound 

hook speed was 170 feet per minute hoist, 470 feet lower; 2,000-pound hoist 245 feet, lower 

380 feet; no load hook speed, hoist 457 feet, lower 337 feet, which corresponds to the author’s 

recommendations and which speeds are in excess of general practice for electric winches; 

and that with these speeds and with the general cargo handled it was impossible to make up 

and discharge loads sufficiently fast to keep the winches in operation, thus removing a com- 

mon complaint that electric winches are slow. A vertical handle of a new type was used, 

which required less movement of the body and consequently less tiring effect than any other 

type previously used. 
The author’s specifications for deck machinery motors cannot be too strongly endorsed. 

Relative to steering gear, it is questionable if a more satisfactory type, employing the 

electric motor, than the hydro-electric gear has been developed. This type is ideal for con- 

trol and makes a minimum demand on the generating plant with an efficiency equal to that 

of any other type, and should be considered seriously for new ships. The electric motor for 

the steering gear offers the greatest saving of any single auxiliary on the ship and, no doubt, 

in many ships the steam steering gear could be replaced by a hydro-electric gear with con- 

siderable saving and without increasing the size of the generating sets. 

There has been considerable discussion in the past relative to the use of follow-up and 

non-follow-up system of control; while the non-follow-up gear may serve the purpose, it de- 

pends on a rudder indicator, a separate piece of apparatus for proper operation, and for this 

reason I believe the follow-up system, which is self-contained, is to be preferred and its use 

will consume less power. 

Relative to the horse-powers of motors for cargo winches and steering gear, if we are 

to realize the maximum economies for electrical auxiliaries these should be worked out for 

each particular vessel. 

Referring to the list of engine-room auxiliaries and the horse-power required, in view 

of the statement, “A motor ship requires somewhat fewer auxiliaries and slightly less power 

is necessary to drive them,” I believe the following comparisons should be made: Steam- 

‘ship 15 motors, motor ship 5 motors; steamship aggregate horse-power 160, motor ship 55; 

fuel consumption, steamship 41 barrels, motor ship 2.5 barrels. 

Relative to the types of motors for shipboard use, the greatest enemy of electrical appa- 

ratus is foreign substances, and it is therefore essential that apparatus should be enclosed, par- 

ticularly the rotating type with commutators. Therefore we are compelled to take issue 

with the author. The governing feature should be reliability; space, weight, and first cost 

should be secondary considerations. It is not so important that a certain frame size motor 
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should develop so many horse-power and be assisted by some sort of ventilation to do it 

as it is that it should work continuously for long periods without repair. Further, we believe 
that ball bearings are a very essential feature for continuous operation. Realizing certain 

limitations for enclosed motors, we believe, motors for below decks and engine rooms should 

be enclosed except where the size prohibits, and then they should be open with protection 

against drip and condensation from pipes and other apparatus, and this practice has Wess 

followed on foreign-built ships with success. 

Relative to the location of starters, I desire to emphasize the author’s opinion that they 

should be as close to the motors as possible. 

Relative to the most suitable electric power for cargo ships, this has been answered 

by a failure for almost every installation of A. C. current. For tankers the same troubles 

would be experienced with the delicate A. C. regulators as on cargo ships, and with most 

of the ships burning oil today the dangers in the engine room of a tanker would not be in- 

creased, and with A. C. current there will be the operation of the switchboard switches and 

the exciter must have a commutator. 

With regard to the wiring and installation, it may be of interest to the author and 

those present to know that the A. I. E. E. have recently issued a set of marine rules which 

amply cover all phases of the question and for power wiring are the only ones in existence. 

I do not believe the author’s insinuation relative to the wireman’s discretion should pass by 

unnoticed. From personal observation, covering a period of twenty-eight years, I have seen 

more failures of generating sets than bus wires, more failures of motors, controllers and 

starting panels than feeder wires, and I do not believe the author’s contentions can be proven 
except in isolated cases and those during the war period. 

Relative to operation, this is most difficult to discuss, as the author has assumed cer- 

tain fundamentals which cannot be reconciled and can be in keeping only with ships which 

are laid up due to their excessive cost of operation. I refer particularly to the figures of 

12,500 pounds of steam for auxiliaries at sea, which is 30 per cent of the boiler capacity and 

43 per cent of the main engines. These figures, to say the least, are ridiculous, and any 

deductions based on them are not only misleading, if used for comparison, but an injustice 

to the cause of electrical auxiliaries where they can be economically applied. 

Electrical auxiliaries have a place in the steamship when the generators are driven by 

engines or turbines, namely, outside the engine room, for steering gear, windlass and deck 

winches. Electrical auxiliaries can only show a saving in the engine room when the genera- 

tors are driven by oil engines. This arrangement would require extracting steam from the 

main turbine for all heating of feed water, which is extremely bad practice and is not recom- 

mended for shipboard use in any degree. The adaptability of electric motors has been 

proven beyond question, and the answer to who shall carry the merchandise of the world 
is—motor ship with electrical auxiliaries. 

Mr. Cuartes RETTIE (Communicated) :—In reading Mr. Dickinson’s paper on “Elec- 

tric Auxiliaries on Merchant Ships,” being an A. M. A. I. E. E., I thought I would like to 

take part in the discussion before the joint meeting of the Naval Architects and the A. I. E. E. 

on the 17th instant. Though I cannot attend personally I thought a letter from me would 

be of interest, especially as I have had a good deal to do with the fitting up of ships with the 

electric light and also repair work on many of our large liners, which dates back to 1889, 

with the exception of a few years before the war, and up to the present time. 
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It is only of recent years that electric auxiliaries have been introduced into ships. On 

the earlier ships that 1 worked on, which included the Empresses running out of Vancouver, 

which were built in 1890 in Barrow in Furness, no motors were installed though they were all 

fitted up with the electric light—the Empress of Japan and the Empress of China had each 

four dynamos which I worked on, the Empress of India having already been completed. 

There is a large field for the use of electric auxiliaries on board our merchant marine; 

there are still a good many places on ships where the electric motor might be used with ad- 

vantage and, as already pointed out by our leading electricians in this country, including Mr. 

Wordingham, late president of the I. E. E. and head of the Admiralty Electrical Department 

during the war for ship works, that while there is a doubt as regards the economy of using 

electric motors for driving our ships, there is no question of the advantage of the use of 

electric auxiliaries over every other system, and they should be immediately installed on all 

our ships; electricity should be used for all power purposes except the actual driving of 

the ship. 

During the war I had a good insight into the fitting up of many of our latest warships 

and merchant vessels, being sent by the army authorities to work in one of our large shipyards. 
With reference to Mr. Dickinson’s remarks regarding the use of enclosed motors on 

deck and partially enclosed below deck, the latter being shown on Plate 32, I take it this would 

only apply in some cases, but surely not in the engine rooms and boiler rooms; it need not be 

necessary to be watertight, but all openings would have to be covered to keep out dirt, oil 

and dripping water, especially in the case of the turning motor, used for turning the main 

engines in port, where it has to be fitted low down in the engine room and subject to be cov- 

ered with dirt falling and water and oil dripping. 

I think the best power for use on board ship is unquestionably the direct current, as 

pointed out by the author, but as the tendency lately is to use submersible pumps on board 

ship, and as the same can only be worked by the alternating current, it will be necessary in 

all up-to-date plants to have a rotary converter to supply current; that is a point which has 

been omitted by the author. As is well known, the squirrel type of A. C. motor will work 

under water. 

In the description of wiring systems, nothing has been said about the possibility of using 

ring mains; that is the only way to reduce the number of circuits as suggested by the author 

in another part of the paper; the number of circuits on a distributing system cannot be re- 

duced with safety; a large number of circuits must be run to supply the different parts of the 

ship, either for the lighting or power. 

I also notice the author does not recommend the use of conduits for carrying the wires 

and cables. In this country the tendency at the present time is to use screwed conduits gal- 

vanized wherever possible in the electric lighting of our ships; in fact the latest Cunarder 

being built on the Mersey, I understand, is mostly wired in galvanized steel tubes, solid 

screwed. 
In most of the ships I have worked on recently the systems have been divided up. For 

instance, on one ship armored and lead-covered cables are used in the engine room and boiler 

room, casing on the passages, galvanized screwed conduits in the holds and portable fittings 

in emigrant quarters. The last ship I worked on was a refrigerator ship of about 7,000 tons 

for carrying bananas. She had three generators about 80 kw. each; most of the electric 

power was used for driving huge fans for cooling the holds where the bananas were stored ; 

all the passengers’ quarters, of which a few first class were carried, and officers’ rooms were 
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heated by electricity. The steering gear was steam. The hoist motors in the boiler rooms 
were worked with a lever up and down to start and stop. 

In conclusion, referring to the question of salaries, there is another point I would like 

to raise, and that is the question of the status of an electrician on board ship. On one of 

the Norwegian-American liners, the Stavangerfiord, which I worked on, they had a very 

good arrangement. Instead of the electrical department being subject to the lowest graded 

engineer, as in this country, it was run on an entirely separate department. The chief elec- 

trician ranked with the chief machinist. There was a commander engineer over all. The 

chief electrician messed with the chief machinist, and the chief commander had his quarters 

with them. The junior electricians messed with the junior engineers. I think the above is a 

very important point to raise because, as the electric machinery used on board ship gets more 

complicated, a higher skilled man will have ta be employed, and unless sufficient remunera- 

tion is given and more respect shown, it will be difficult to get a good man to go to sea on 
ships as an electrician. 

Since writing the above I attended the opening meeting of the Liverpool al 

Society, November 3, when a very interesting address was given by our new president, James 

B. Wilkie, M. I., Mech. E., M. Inst., N. A., on the “History and Progress of Marine En- 

gineering.’ In his address he gave us some details of a new ship belonging to the company 

he is interested in and which is expected round next Tuesday from the builders. The name 

of the vessel is the Aba and she is about 7,000-tons, oil driven; all her auxiliaries are electri- 

cally driven. The generators, of which there are three in number, are 200 kw. each, and are 
driven by Diesel engines. ; 

Mr. W. McCterranp, Visitor:—As to the auxiliaries paper, I am in general agreement 

with the author. In the British Navy we have for many years run most of our auxiliary 

machinery electrically. We have winches, capstans, pumps, refrigerating machinery, fans, 

air compressors, almost every conceivable kind of machinery, running by electricity, and we 

have had very little difficulty with that machinery; I speak with some authority because, dur- 

ing my eighteen years of service with the Admiralty, fifteen years of that period was spent 

as head of the electrical repair department, and I have had to deal with all classes of electri- 

cal machinery, not only machinery connected with the British Navy, but, during the war, of 
the American Navy. 

There is one point to which I would particularly like to refer, and that is the ques- 

tion of insulation. We hear a lot about water washing electrical machinery on the decks. 

I do not really think that in this country the importance of proper insulation for electrical 

work for deck machinery has as yet been appreciated. I have visited many of the works 

in this country, and I am quite sure most of them can make satisfactory material, but most 

of the materials used are composite materials, and these materials absorb moisture. This 

means breakdown sooner or later in moist atmosphere laden with salt. 

I am giving you the result of our experience. We have found that the only insulation 

which stands up under salt water and sea atmosphere conditions is mica and micanite. For 

instance, with control gear, with the fingers clamped to a diamond shaped or square bar, 

which has been insulated with moulded micanite or wrapped micanite thoroughly baked and 

finished, you will have a thoroughly satisfactory insulating material; whilst at the present 

time we are carrying out tests on practically every known composite material, I have not 

yet met with the material which I should consider suitable for insulating electrical machinery 

on deck. 
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I was much interested in what Mr. Bates said about the winches on deck being washed 

with sea water and that they were not satisfactory; he then went on to say that the whole 

of the defects were mechanical, not electrical. I could not follow his argument, unless it was 

that the sea water damaged the mechanical parts, which speaks well for the electrical gear. 

Another speaker referred to the maximum speed of lift at which winches should be used. He 

stated they had standardized 250 feet per minute. I think that is a good speed for full 

load. Sometime ago we tried a speed of 300 feet per minute, but experience showed it to be 

too fast for a short lift, and we dropped our full load speed for winches to 200 feet per minute. 

Another point referred to, although I must be brief, is the question of direct and alter- 

nating current. I believe in direct current work for ships, and also in the two-wire system 

rather than the three-wire system. Earths or grounds are so prevalent on a ship’s electrical 

system that I think the simplicity of the two-wire system more than counterbalances any 

slight advantages which the three-wire system has. 220-volt incandescent lamps are now sat- 

isfactory on board ship, and there appears no necessity for the third wire. 

With regard to submersibles, although it is a difficult problem, I think time will show 

that we shall get a satisfactory continuous current submersible pump—lI am hoping so. Alter- 

nating current will not then be required for this service. 

Mr. President and gentlemen, I thank you very much for the opportunity of addressing 

you. 

Mr. H. L. Hisparp, Member (Communicated) :—The two papers presented this after- 

noon cover subjects of the greatest importance to our merchant marine industry, but it is our 

own feeling that much the larger field for the application of electric drive lies in the direction 

of the ship auxiliaries. 

Mr. Dickinson’s very interesting paper has covered this subject of electric auxiliaries 

in an able manner, but we could wish that he might have been more specific with regard to a 

number of the detailed points which he has raised. 

On page 158 he refers to the two types of electric steering gears now in use but does not 

mention the dividing line where the hydro-electric gears for this purpose would have a dis- 

tinct preference. In our opinion, the direct application of motor drive to the steering gear 

can be used to the best advantage in horse-powers up to about fifteen. For twenty horse- 

power and beyond, the hydro-electric has unquestionable advantages. 

In sub-paragraph (c) on page 159, reference is made to contactor equipments 

especially for deck winches but apparently questions the wisdom of this form of control in 

most cases. For the severe service met in the case of these auxiliaries, the contactor control, 

we feel, is especially suited, and foreign practice has already clearly demonstrated the feasi- 

bility of its use and of readily locating the contactor control below decks or in suitable 

housings. 
Sub-paragraph (d) on page 159 touches upon the wisdom of omitting, as far as possible, 

all safety devices. While these should unquestionably be reduced to a minimum, we would 

ask Mr. Dickinson, for the benefit of the profession, what devices he would recommend for 

deck auxiliaries. In our opinion, stalling devices at least must be furnished in connection 

with anchor windlasses, capstans, steering gears, and overload contactors or circuit breakers 

for deck winches. 
Pages 164 and 165 discuss the relative merits of direct and alternating currents for auxil- 

iary purposes and state that while on the cargo ships direct currents can be used to the great- 
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est advantage, on tankers it is not so apparent. On this latter point we would take some issue, 
as it is possible to furnish motors entirely enclosed, gas and watertight, or where location 

on tank vessels renders the same desirable to furnish forced ventilation through the enclosed 
motor casings. Several tank vessels in this country have already been equipped in this man- 

ner, and there are others under construction. 

With regard to the question of economy of engine auxiliaries on steam-driven vessels, 

Mr. Dickinson has furnished some interesting figures, although we feel that perhaps his as- 

sumption for the steam required for auxiliaries at sea is a little too high a percentage of the 

total. The advantages obtained from the use of electric drive for all auxiliaries on motor 

ships is, we believe, now apparent, and similarly the advantages of the electric drive for deck 

auxiliaries on steam vessels as well as motor ships. The question, however, of the use of elec- 

tricity for auxiliaries in the engine room on steam vessels furnishes the most debatable ground. 

A certain amount of exhaust steam from engine auxiliaries is always diverted to feed water 

heating, but beyond the point where exhaust steam can be used economically for this purpose 

lies considerable possibility in economy for electric drive as well as the ave of con- 

venient operation and freedom from leaking steam pipes, etc. 

We heartily endorse the statement of the author in his last paragraph that engineers of 

this country should combine their efforts and avail themselves of every opportunity to improve 

the efficiency of our merchant ships to the end that they may be able to compete successfully 

with the modern ships of other countries. In this connection, we were much impressed on a 

trip this summer to the Pacific Coast, to find that numerous European and Scandinavian motor 

ships, electrically equipped, were making regular trips through the Canal to the Pacific Coast 

ports. In addition to the conducting of a satisfactory cargo-carrying business, these vessels 

were buying California oil on the coast at $1.50 per barrel, sufficient for a round trip, this 

same oil selling in their own home ports at $8 to $9 per barrel. 

PRESIDENT Capps:—Before giving the author of the second paper an opportunity to 

respond, the Chair is of the opinion that it would add very much to the value of this dis- 

cussion, if the Engineer-in-Chief of the Navy, who is with us, would make some comments 

on the papers and the discussions which have ensued. If he does not feel so prompted, of 

course, it is his privilege not to respond. 

REAR-ADMIRAL JoHN K. Rosison, U. S. N., Engineer-in-Chief:—About ten years 

ago I was called upon to discuss an article presented by Mr. W. R. L. Emmet on the subject 

of “Electric Drive,” and I expressed then that I was from Missouri. Do you remember 

that, Mr. Emmet? 

Mr. W. R. L. Emmet :-—Yes. 

REAR ADMIRAL Ropison:—Well, I have seen a few things since. Concerning the 

economy proposition, I can state for the benefit of the Society that on trial trips we have 

had figures that have given us in no case so much as 0.9 of a pound of fuel per shaft horse- 

power, under any speed between 10 and 21 knots. Within the last week, I attended a trial 

where that took place. The best performance we have gotten on the trial-trip conditions is 

on a geared-turbine drive, on a destroyer, which was 0.83; the best we have on the electric 

drive is 0.86. 
Concerning the geared-turbine drive for the North Dakota, the current operating effi- 

ciency of the ship has not been so satisfactory as we had hoped. We do not lay that to the 
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machinery. We lay it to conditions that are temporary. We lay it to the lack of skill of 

our own people on board the ship, and we expect in the future on the North Dakota a de- 

gree of efficiency that will become comparable with what we have been getting on the New 

Mexico; for example, the New Mexico burned about one-half to two-thirds as much fuel 

when steaming in squadron with the North Dakota as the North Dakota burned. 
In port, on the electric auxiliary question, we have extended very considerably the use of 

electric auxiliaries. That has been done notably on the Tennessee. The fuel consumption 

of the Tennessee is less than 11 tons a day in port, and nothing is steam driven except an 
electric generator, condensing or non-condensing, forced draft blower, and a few pumps. 

The exhaust steam from the auxiliaries and the non-condensing generator is used for the 

operation of the evaporators; also when sufficient exhaust steam is available for heating the 

ship and in the galley. The pressure of the exhaust steam is maintained at 12 pounds gauge 

in order to provide sufficiently high pressure to operate the boilers in the galley. That ships is 
running with materially less fuel than any other battleship, and we figure that the electric 

auxiliaries on that ship are saving us approximately $165.00 a day. 

Mr. Ernest H. B. ANDERSON :—May I make one comment in regard to the North Da- 

kota in relation to the other ships? I do not know if it is clear to everyone here that the rev- 
olutions of the propellers on the North Dakota are 240 a minute, as compared with 170 for 

the Tennessee and sister ships. 

REAR ADMIRAL Rosison :—That is true—the North Dakota has single-reduction gears. 

Mr. ANDERSON :—She has single-reduction gearing, but when the change was made it 

was not possible to renew the shafting and reduce the propeller revolutions to 125, we will 

say—it could have been done so far as the geared turbines were concerned, but it was really 

a question of cost and structural limitations. 

Mr. Emmet :—When we were figuring on the alterations for the North Dakota we were 

told it was not worth while to change the propellers, although I said that it would be a prac- 

ticable thing to put new shafting and propellers into the ship, but I was told we would not 

gain much. 

Mr. ANDERSON :—It could not have been done, Mr. Emmet. 

PRESIDENT Capps:—The Chair wishes to suggest that in making responses to these re- 

marks, which could not be covered in the rejoinder by the authors of these papers, that very 

great care be taken to reply only to questions which have been brought up in the main dis- 

cussion of these papers; in other words, we cannot have a continued discussion of opinions 

interjected from time to time during the consideration of these papers after the main dis- 

cussion has taken place. It is rather irregular to have that sort of discussion arise, simply 

because if every opinion expressed in the discussion is itself subject to indefinite discussion, 

there will be no end to it. That is just a word of caution. Mr. Dickinson, have you any- 

thing you desire to say? 

Mr. Dickinson :—I do not think I would have time to go into the matter ad infinitum. 
I think, however, that you will, perhaps, bear with me for five minutes if I refer to one or two 

remarks which have been made. Mr. Pierce got at me rather hard. I deserve it, because I 

very carelessly on page 167, I think it is—that is a page referred to quite often this after- 
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noon, referred to steam for auxiliaries. That is not quite true, but it is probably true that 

the steam is generated in the boilers and not all put to useful work. I have not a great deal 

of data. I had hoped that we would get some positive information this afternoon on the 

subject of operation. I have engineers’ logs and reports on something like 500 voyages. 

Throwing out about half of these as unreliable and estimating the horse-powers as accu- 

rately as we can, reckoning on the vacuum and steam conditions under which the ship was 

operated, and also knowing approximately the power that would be necessary to drive the 

ship, between the ports stated in the log, we arrived at a fairly accurate figure for horse-power. 

Based on this we can estimate the fuel per horse-power hour. These figures will run, on 

similar ships with similar equipments, all the way from less than 1 pound to nearly 2 pounds. 

The figure of 1.23 pound which I took, so far as I can find, is fair. Assume a boiler effi- 

ciency of about 75 per cent, which means an evaporation under conditions of operation of ap- 

proximately 13.5 pounds; this gives us the total amount of steam. We know that the tur- 

bine can pass only a limited and definite quantity of steam through its first stage nozzles. 

With operating pressure more will not go through. The difference, therefore, is the amount 

of steam generated by the boilers and charged to auxiliaries. ; 

We are all looking forward to the time when we will have a steamship entirely equipped 

with electric auxiliaries. Comparison made between our merchant ships similar to the com- 

parisons that have been made between naval vessels, I think, will vindicate the figures which 

I have used. 

Mr. Anderson, in his remarks, seems to settle on 0.9 pound, which, with fair assumption, 

will allow only 6,500 pounds of steam for all purposes on the ship, including heating feed 

water. That sounds too good for a ship equipped with steam auxiliaries. I do not think that 

there is anything else I wish to bring out this afternoon, but as the chairman has pointed out, 
economy is the vital question, and we should get accurate studies and positive knowledge 

of the evaporation on our ships; then we will all be in a better position to discuss gains 

which are possible by the general application of electricity. 

The author has been afforded the opportunity of reading the discussions of his paper 

and before proceeding to reply wishes to thank those gentlemen who have taken such pains 

to prepare constructive criticism, setting forth their views on the subject under discussion. 

The interest manifested on the part of so many able engineers in this all-important subject 

should be extremely gratifying and encouraging to shipowners in this country, who must 

take advantage of every means to reduce the cost of operation of their ships in order that 

they may profitably compete for the trade of the world. Without question, owners and oper- 

ators are realizing to an ever greater degree to what extent the engineer can assist them in 

studying their conditions of operation with the view of improving the efficiency of their ships. 

Mr. Bates’ account of the electrical equipment on the Prinz Heinrich gives conclusive 

proof, if such be necessary, as to the reliability of suitably designed electrical machinery on 

ships. The apparatus, built twenty-five years ago, is still in service. This is what should be 

_ expected of properly designed and properly built electrical equipment. In other words, prac- 

tically all the maintenance charge of suitable electrical apparatus will be covered in the 

first cost. 
Mr. Jett’s recommendations should be given the most serious consideration. He has 

devoted much time and thought to the study and investigation of electric deck machinery. 

Recommendations based upon his findings that a properly designed geared-electric winch 

with 25 horse-power motor is in every way the equivalent of a steam winch having two 8% 

by 10-inch cylinders will most likely be excellent practice to follow. 
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In making such comparisons it must be borne in mind that a cargo winch is at best a 

compromise; in other words, for the reason that winches will be called upon to handle mis- 

cellaneous cargo and that the length of the lift varies with the depth of the cargo in the hold 

and the height of the dock or lighter on which the cargo is being handled, it will be necessary 

for the owner or operator of the ship, with his naval architect and engineer, to arrive at a 

design of winch which, all things considered, will be the best for the average conditions. In 

larger ships with deeper holds it may be found desirable to somewhat increase the rope 

speed and fit a larger motor. 

The horse-power rating of a winch motor is not definite. Electric motors are capable of 

considerable overload for short periods of time. The rating will be considerably less if 
based on a one-hour test rather than on one-half-hour test. Experience indicates that han- 

dling cargo on ships gives approximately the same heating as a rated full load for the 

half-hour. 
Mr. Jett also points out the need for more accurate data on fuel consumption that may 

be charged against ships’ auxiliaries. The author wishes that Mr. Jett had put even greater 

stress on this vital point. 
A reply to Mr. Smith’s criticism would become very lengthy. He has given the subject 

so much detailed thought and consideration that in the author’s opinion a proper and fair 

reply could only be made by discussing a number of specific cases in like detail with Mr. 

Smith. In all fairness, however, it should be pointed out that, as stated in the introduction of 

the author’s paper, the comparisons were based upon cost of electrical equipment installed. 

In all probability the individual units electrically driven will in many cases be somewhat 

more costly than steam-driven apparatus of the same quality and for the same work. On 

the other hand, the cost of installing the steam machinery with the extra piping will be con- 

siderably greater than the cost of installing the electrical machinery, which requires only cable 

to transmit the power from the engine room. The cost of $4,300, which Mr. Smith took 

as the cost of an electric winch, is very high. Further, the cost of suitable electrically driven 

ships’ auxiliaries will be reduced as the demand increases. 

The author would point out that on the earlier motor ships steam-driven auxiliaries were 

fitted, and it was found these required so much fuel that electric auxiliaries had to be fitted 

in order to realize the high efficiency expected from a motor-driven ship. 

Mr. Smith’s argument as to the amount of power that might be secured by admitting 

7,950 pounds of exhaust steam to the low-pressure turbine is based on the assumption that 

this is steam. When it is considered that a great part of the heat in the 12,500 pounds of 

steam referred to in the author’s paper has been given up to heating the atmosphere, that 

condensation has been going on continuously in the thousands of feet of piping with approx- 

imately 2,500 square feet of radiating surface, it must be recognized that there is a great deal 
of hot water returned to the engine room and that the theoretical advantage cannot be 

realized. 

If Mr. Smith will refer to the comparisons, he will find that the author allowed some- 

what less for the auxiliary turbine when using 200 degrees superheat than with 75 degrees. 
It has not been the author’s contention that steam machinery is of itself always inferior 

to electrical. It is a question of application, and the future will show that it is not economical 

to operate a number of small steam units distributed in different parts of a ship. When ship- 

owners realize the gain that can be effected by substituting one steam engine driven, or even 

oil engine driven generating set, for the multiplicity of small pieces of steam machinery, they 

will fit their ships with electrically driven apparatus. 
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Particular attention should be called to Mr. Pierce’s remarks, “in many ships the steam 
steering gear could be replaced by a hydro-electric gear with considerable saving and with- 
out increasing the size of the generating sets.’’ Mr. Pierce is a man of experience; the hydro- 
electric steering gear is one of the most expensive single pieces of equipment on a ship; his 
recommendation therefore to a great measure vindicates the author’s contention as to the 
desirability of entire electrification. 

Referring to Mr. Pierce’s recommendation that enclosed motors be used below deck 
except where the size prohibits, it would seem that if it be granted that enclosed motors 
must be used in order to assure reliability, this rule would apply with the greatest force to 
the larger motors, and in the higher ratings the size would be found to be impracticable. The 
author would point out that motors which are designed to run continuously become tremen- 
dously heavy and expensive when enclcsed; further, if they are to be located in a damp place, 
they will become wet inside and are just as liable, or perhaps even more liable, to deteri- 
orate when not running than are ventilated motors. Experience has shown that ventilated 
motors are entirely reliable on shipboard if designed for the conditions and built of suit- 
able materials. 

Referring to Mr. Pierce’s remark that this practice (referring to the use of enclosed 
motors below deck) has been followed on foreign ships with success, the author would refer to 

an article in the Electrician (London) of July 29, 1921, on page 131, in which it is stated “but 
for all ordinary purposes a semi-enclosed and preferably drip-proof design is best.” This 
article refers to British practice. 

In making a general recommendation in favor of enclosed ventilated motors for below 
deck installation, the following points were given consideration: 

Open motors would have to be protected from dripping water by shields which would 
cost the shipbuilder something to install. 

In the smaller sizes the cost of such shields would be high in proportion to the first cost 

of the motor. i 

In many instances such shields would occupy valuable space and would interfere with 

accessibility of the motor and other apparatus located nearby. 

The cost of the enclosed ventilated motor is slightly more than the open motor and very 

much less than the enclosed motor for continuous operation. 

Motors suitable for marine service can be built with open frames. They would cost but 
little less than ventilated motors designed to keep out dripping water. 

Referring to Mr. Pierce’s criticism of alternating current for tankers, while it is true 

that troubles have been experienced, I believe the particular tankers referred to were a war 

product, and many details of application were responsible for the troubles. There are cer- 

tain very definite reasons in favor of alternating current for particular applications on ships, 

and the fact that some installations have not been successful is due to improper application 

rather than to the fact that alternating current was used. The author is of the opinion 

that in most cases direct current will be found to be more suitable for auxiliary power on 

ships; he believes, however, that very careful consideration should be given to special appli- 

cations where alternating current might be preferable. 

Regarding Mr. Pierce’s remark that the author was making insinuations relative to the 
wireman’s discretion, it would seem that the author had been somewhat unfortunate in the 

way he expressed himself on the subject and that Mr. Pierce had been unfortunate in the ex- 

perience he had had with generators, motors, controllers, and starting panels. What the 
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author wished to bring out was the fact that a great deal of trouble had been experienced 

with wiring on ships and that the application of electricity suffered in consequence. It is 

essential, in order not to discredit the use of electricity, that the installation be well and 

carefully done, and that every.precaution be taken to see that apparatus fitted on ships is in 

every way suitable for the application. 

Mr. Pierce remarks that the figure of 12,500 pounds of steam per hour, which was 

charged to auxiliaries, is ridiculous. The author has knowledge of certain geared-turbine 

ships with steam-driven auxiliaries which are also showing approximately 1 pound of fuel 

consumption per shaft horse-power hour. 

The author is in general agreement with Mr. Pierce that in all pralbelbiliyy the greatest 

part of the saving will result from having deck auxiliaries electrically operated rather than 

steam driven. There are two apparent reasons for this—one, that a great amount of steam 

piping will be removed, and perhaps the most important reason, that the steam-driven auxil- 

iaries in the engine room will be at all times under the direct observation of the engineer, 

who, if conscientious and competent, will be in a position to maintain them in better oper- 

ating condition than can be expected in case of steam-driven deck machinery, which of neces- 

sity stands idle for long periods of time and is subject to considerable abuse when in opera- 

tion; also, the length of the steam piping on deck makes it subject to considerable expansion 

strains which cause leak and loss of steam at joints. 

The author agrees with Mr. Pierce’s suggestion that great saving can be realized by 

the electrification of all ships’ auxiliaries, power being furnished by reliable oil-engine gen- 

erating sets. 
In concluding, the author would gather from his critics that, with but one exception, 

there is a unanimity of opinion as to the desirability of electrifying merchant vessels to the 

end that greater economy of operation may be realized. 

It will be recognized that each ship must be given special study, and all factors enter- 

ing into its economical operation must receive due and proper consideration in order that 

the most suitable apparatus be fitted. So long as the art is advancing, it is to be expected 

that there will be a considerable divergence of opinion as to the best means of attaining the 

end in view. Much has already been done in this country, and it is gratifying to find that 
the question of reliability of electrical apparatus has been laid at rest. 

The author felt that he was liable to certain criticism in drawing the comparisons in 

fuel consumption which he did between ships fitted with steam and electrical apparatus. We 

have available data as to the fuel consumption of ships, but very little published data as to 

how much of this fuel is required for the propulsion and how much should be charged against 
auxiliaries. Any engineer who is in a position to obtain absolutely reliable information on this 

important subject can materially assist shipowners and operators in this country in their en- 

deavor to improve the efficiency of their ships. The data, of course, must be on ships actually 

in service. Trial trip information, when every valve and all fittings are in perfect condition, 

is misleading. 

PRESIDENT Capps :—I think the Society is to be congratulated on the very illuminating 

discussion which has flown from these admirable papers. I know that you will wish that 

I should extend the thanks of the Society to Mr. Thau and to Mr. Dickinson for their 

painstaking preparation of the papers which have elicited such lively discussion. The hour 

is now a quarter past six, and I expect that many of you desire to go elsewhere. If there is 

no objection, this session will now stand adjourned. 
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THIRD SESSION. 

Fripay Morninc, NovemMser 18, 1921. 

The President, Admiral Capps, called the meeting to order at 10.20 o’clock. 

THE PRESIDENT :—We will proceed immediately to the program of papers. The first 

paper for the morning is entitled “How Can American Ships Compete Successfully with 

Foreign Ships?” which has been prepared by Mr. Winthrop L. Marvin, an Associate Mem- 

ber of the Society. 

Mr. WintHrop L. Marvin :—Mr. President and gentlemen, before going on with the 

presentation of my paper, I would like to take this occasion to express the admiration which 

the members of the American Steamship Owners’ Association entertain for this technical 

society, and the high honor in which they hold its members. We regard it rightfully as a 

vital part of the American merchant marine and one of the tremendous agents for its suc- 

cess in the future. 

During the reading of the paper, Mr. Marvin said: Wages have fallen about 15 per 

cent on American vessels through formal arrangements, and are still falling. We are assum- 

ing that the wages on American vessels, in the course of a few weeks, will be lower, by 30 

per cent, generally. Foreign wages, of course, will fall also. 
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HOW CAN AMERICAN SHIPS COMPETE SUCCESSFULLY WITH FOREIGN 

SHIPS? 

By WintHrRop L. Marvin, Esg., ASSOCIATE. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

How can American ships compete successfully with foreign ships? It is a far-reaching 

question that is stated in these words, a question that goes right to the root of the life of 

our present-day merchant marine. For unless American ships can compete successfully with 

the ships of foreign nations, which still manage to dominate our own overseas carrying, 

there can be no future for ocean shipbuilding and navigation under the American flag. 

Therefore this question is one of as direct personal interest to naval architects and 

marine engineers of all grades and ratings in their profession as it is to the shipowners and 

managers themselves. The future livelihood and success of thousands of energetic and ambi- 

tious Americans hang upon a right solution of the problem of the ship in service. 

Three main causes well known to men of our maritime industry were responsible for the 

inability of successful competition under the American flag with foreign ocean shipping pre- 

vious to the great war. 

For more than a hundred years the privilege of wearing American colors had as a gen- 

eral policy been reserved to ships of American construction. Coupled with this reservation, 

in the earlier years of our national life, was a vigorous national policy of encouragement to 

American ships—the discriminating duty policy, so called—which absolutely guaranteed to 

these ships a strong preference in employment. Under this policy, not completely abandoned 

until 1850 against our chief competitor, Great Britain, the requirement that American ships 

must be built solely in American yards was by no means an actual handicap. The building 

of wooden-hulled sail ships for a hundred and fifty years before the founding of our Federal 

Government had been a firmly established and successful industry in North America. Mate- 

rials were abundant and relatively cheap, and the skill of our builders was unsurpassed— 

indeed unequalled. No American merchants of that era desired to purchase or use foreign- 

built ships, for there was generally no advantage in securing vessels from abroad. 

While wooden sail ships were carrying the commerce of the world, this requirement that 

vessels of the United States should be American built was a just and prudent policy for the 

republic. This policy was not substantially weakened or abandoned until the Panama Canal 

Act of August 24, 1912, which for the first time in a general measure permitted the registry 

of foreign-built vessels for the purpose of engaging in the overseas but not in the coast- 

wise trade. 
Because of the absolute lack from 1860 onward of any comprehensive encouragement 

for the employment of American vessels in other than our coastwise commerce, there was 

only scant, precarious demand for the construction of such vessels, and American ocean ship- 

building became a weakened industry. I have long been convinced that in past discussion of 

the decline of the American overseas marine altogether too much emphasis has been placed 

upon the change from sail to steam and from wood to iron and then to steel. It is true 
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that, in the period from 1840 to 1860, the British iron industry was greater than our own. 

British machine shops and steam shipyards were mightily encouraged and strengthened by 

the generous British policy of mail shipping subsidies, initiated in 1840 and maintained with 

vigor and persistence until competing American steam services were driven from the seas. 

But American shipowners and builders were by no means so unmindful of the advan- 

tages of steam propulsion and iron hulls as some of the commentators upon the fate of our 

ocean shipping have contended. The iron propeller steamer Bangor was built on the Dela- 

ware in 1845, a thoroughly efficient vessel for that period. In the years between 1850 and 

1861 good iron steamers were built on the Delaware, at New York and at Boston. Indeed, 

good American iron was found to be superior for shipyard purposes. The United States 

possessed admirable iron works and a substantial body of highly skilled mechanics, as was 

to be demonstrated later by the rapid and successful building of a fleet of monitors that 

proved a decisive factor in the Civil War. Not only monitors but broadside armorclads and 

iron cruisers were constructed in this country in the Civil War period, and a vast impetus 

was given to boiler and engine-making establishments at the northern seaports by the swift 

creation of a new fleet of the six hundred war steamers that constituted in 1865 the most 

modern and formidable navy in the world. 
All these facilities for the building of steam, iron, seagoing merchant ships could readily 

have been turned to the construction of a new merchant tonnage in 1865 and after if there 

had been any positive aid and encouragement to the successful operation of these American 

ships after they were completed. But, though the dominant republican administrations of 

that period wrought a gigantic success in the protection and development of the manufactur- 

ing industries of the country, the overseas shipping trade of the United States was left wholly 

without any equivalent encouragement. What was more natural and inevitable, therefore, 

than that manufacturing should flourish and ocean shipping still further decline through those 

years when Great Britain, thanks to the depredations of Anglo-Confederate cruisers, had 

dealt a terrible blow to our sail tonnage and had possessed herself of that lion’s share of 

our overseas carrying which she retained up to the outbreak of the great World War. 

Without protection to the operation of American ships, the continued protection to the 

building of such ships of course proved wholly ineffective. Though iron ship construction, 

particularly in the Delaware district, made respectable progress in the years following the 

Civil War, these new iron steamships were designed for the protected coastwise trade, except 

for a few large passenger and mail steamers for the Pacific Mail, four excellent transatlan- 

tic liners for the Philadelphia and Liverpool service of the old American Line, and other 

good but smaller steamers for the nearby West India services. 
Under the sharply contrasting conditions wherein British yards were building in swift 

succession twenty iron steamers while our yards were building one—that is to say while 

British yards were steadily manufacturing ships and our yards were producing irregularly a 

slender tonnage—what was more natural than that we should be seriously handicapped by a 
wide difference in the relative costs of construction? When in 1904-5 the Congressional Mer- 

chant Marine Commission under President Roosevelt made a careful survey of shipbuilding 

prices in this country and in Europe, the commission was constrained to report that steel 

steamships of the passenger and cargo type were costing from 40 to 45 per cent more on 

this side than on the other side of the Atlantic. Under the circumstances, with no aid or pro- 

tection whatsoever for American shipowners and operators, it was hopeless to dream of em- 

ploying any considerable numbers of American-built ships in overseas commerce. 
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How heavy was that handicap can be demonstrated by a comparison of the capital 

charges of a British-built ship produced at a price of $500,000 and an American-built ship 
produced at a price greater by 40 per cent, or of $700,000: 

British ship American ship 

$500,000 $700,000 

Interest, 5 per cent 0G CSR mR en $25,000 $35,000 

Insurance, 4 per cent.............. 20,000 28,000 

Depreciation, 5 per cent... 6.6.6.5. 25,000 35,000 

$70,000 $98,000 

Here, without any allowance whatever for the higher American wage costs of opera- 

tion, is a difference in the main capital or carrying charges of $28,000 a year, or in itself 

a fair rate of dividend upon the total cost of the British-built vessel. This fact alone would 

suffice to bar the American ship from competition. 

Moreover, the wages and maintenance of the officers and men of the American steamer 

were at least 50 per cent greater than the wages and maintenance of the officers and men of 

the British steamer—a factor important of itself though of far less consequence than the han- 

dicap due to the higher cost of building as outlined above. It is not at all strange that from 

the building of the Ohio and her sisters for the Philadelphia American Line in 1873 the Stars 

and Stripes flew above no new American-built steamers exclusively employed in transatlantic 

trade until the keels of the St. Louis and St. Paul were laid by the power of a special mail 

subsidy in 1894 and 1895. Between far higher costs of original construction and higher 

costs of crew wages and maintenance, rivalry with European ships, often state-aided as they 

were, was accepted by American shipowners as impossible. 

When the shrewd diplomacy of Europe from 1815 onward had succeeded in enmeshing 

our government in treaties that gradually prevented us from encouraging our ships through 

the historic policy of discriminating customs duties and tonnage dues, our competitors over- 

seas lost no time in launching out on a new and effective expedient of their own—mail and 

admiralty subsidies and subventions. The first sustained British transatlantic steam service 

was created in 1839 by the grant of a mail subsidy of $425,000 a year to what is now world 

famous as the Cunard Company of England. Other subsidies, even larger in amounts, called 

into being the Peninsular & Oriental Line to India, the Royal Mail Line to the West Indies 

and South America and other British concerns, until finally thirty national steamship serv- 

ices reached all quarters of the world. France quickly followed suit. Germany put the powers 

of state aid, though in other forms than subsidy, behind the North German Lloyd and the 

Hamburg American. Our own Congress, in a fitful way, beginning with 1847, granted lib- 

eral mail pay to especial new American ocean steam lines, the best remembered of which are 

the Collins Line to Europe and the Pacific Mail to the Isthmus of Panama and on the Pacific 

Ocean. But while other nations were united in loyal zeal for the national interests, it hap- 
pened, unfortunately for us, that this new and crucial steamship competition fell in a period 

that saw America rent by the sectional quarrels immediately preceding the Civil War. South- 

ern statesmen, who at first had borne a full share in urging encouragement to our own 

national mail lines, turned against them when they saw how swiftly these new lines were 

upbuilding the sea power of the North. In the very crisis of the struggle between our Amer- 
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ican lines and their European competitors, a hostile Congress, dominated by sectional preju- 

dice, struck down the American mail subventions and thereby destroyed every one of the 

American steamship services in the transatlantic trade. 

At this time the American Collins Line, with the largest and swiftest ships, was receiv- 

ing a subsidy of $858,000 a year, and the rival Cunard Line $856,871 for smaller and inferior 

steamers. Soon after the Collins Line was killed by the act of our national lawmakers the 

Cunard mail pay was reduced by Parliament, demonstrating clearly that it was an aggressive 
fighting subsidy and nothing else. 

But the British and other European policies of generous aid to national shipping lines, 

and thereby to steamship building and navigation, continued steadily without a break. It is 

sometimes urged that these governmental aids were not applied to “tramp” steamers. Directly 

they were not until France and Italy began to subsidize their entire shipping forty years ago. 

But, as a matter of fact, in a broad, true sense these European subventions and other assist- 

ances in those earlier years did quicken and strengthen the then new arts of iron steam ship- 

building and boiler and engine building in such a way that even the “tramp” steamers that 

came afterwards were indirectly the beneficiaries of the system. Moreover, the subsidized 

national mail lines pioneered and created commerce a part of which the “tramps” subsequently 

carried. E 

Until the United States in the Ocean Mail Act of 1891 tardily renewed the subsidy sys- 

tem in America, the decline of our own shipping remained constant. This Ocean Mail Law, 

though sadly crippled by western agricultural opposition in its passage through the House of 

Representatives, did set the American flag again afloat on the great route across the western 

ocean and did permanently strengthen our steamship communications with the West Indies, 

nearby South America and Australasia. Services subsidized under the ocean mail law owned 
almost all the steam tonnage we had in ocean commerce when the great World War broke 

upon us in midsummer of 1914. 

Turning from this survey of the past to the new present, what do we discover? Is 

there no more hope for successful American competition with foreign shipping than there 

was before the late great war? 

For one thing, America has now what before the war it did not have—a large, actual, 

seagoing merchant tonnage available for immediate employment in overseas carrying. It 

has the ships and it also has the managers, the operators, the officers and the men. It is now 

conveying about one-third of our imports and exports, or three times the proportion of before 

the war. Moreover, the American people, even to a degree the long-indifferent middle west, 

have been shocked by the war into a realization that, for peace or war, a strong merchant 

shipping is absolutely indispensable to America. 

The nation has 8,000,000 gross tons of newly acquired merchant vessels on its hands, 

ships in which all the American people are stockholders. These stockholders are unitedly 

determined that our ships worth having shall not pass out from under the American flag. Any 

political clique or party that consented to haul down the flag would be committing instant 

suicide. 
So the general outlook of the present is immensely more favorable than that of before the 

war for the development of a great ocean shipping and shipbuilding industry. But the 

obstacles in the way are substantially the same obstacles—the higher cost of operation and 

perhaps of construction of American vessels, the fact that even now our foreign competitors 

are in possession of two-thirds of the field, and the further fact that these foreign competi- 
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tors in some way or to some degree are all powerfully upheld by the active aid of their own 

governments. 

It is not now possible to speak definitely and with authority as to the comparative cost of 

building ocean ships in America and in Europe. But it is true that shipowners who have 

made inquiry on the other side within recent months have found that British shipyard prices 

were lower than American prices by at least a margin due to the abnormal state of sterling 

exchange. On the other hand, the American yards could offer quicker completion and de- 

livery, which in normal times is of itself a marked advantage. Altogether it will probably 

be found, when conditions in America and in Europe have again settled down, particularly 

with “tramp” cargo vessels, that foreign ship prices remain lower than our own, though by a 

narrower margin than before. 

As to the costs of operation involved in at least the wages and maintenance of the crews, 

Europe retains an undeniable advantage as contrasted with America. The La Follette Sea- 

men’s Law, whatever else it may have done, has conspicuously failed to equalize sea wage 

conditions around the world. Individual foreign seamen have quit foreign vessels in our 

ports and have reshipped on other vessels at the American wage scale. But this process, 

though not without significance, has not of itself brought foreign wage scales, as a whole, 
up to American wage scales, as is demonstrated by the following comparative pay-rolls of 

American, British, Japanese and Norwegian cargo steamers of like character and tonnage 

previous to May 1, 1921: 

sseaeaehemee etetlantet ee 

MARINE 
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Crew List AND WAGES ON SELECTED AMERICAN, BRITISH, NORWEGIAN, 

AND JAPANESE VESSELS. 

Crew List and Monthly Wages, Single-Screw Coal-Burning Cargo Ship, Atlantic and 

Gulf Coasts, 8,800 Tons Deadweight. Class “‘C”’ 

American 

No. Wages Amount Total 
Deck Department 

Masters )\5 xon7amec chistes 1 $357 .50 $357 .50 

Firat officer: J. dusts erste eee 1 228.75 | 228.75 

Secondlofficersee-eiieiaeel irritates 1 200.00 200.00 

sghirdiofticersmrer cree erect 1 176.25 176.25 

(CEPI sblossanssongndooHondocge 1 100.00 100.00 

Boatswaineeryy terete retiree 1 95.00 95.00 

Able seamen ................00005: 7 85.00 595.00 

Ordinary seamen................... 3 65.00 195.00 $1, 947 .50 

Engine Department 

Chireffencineern ee ene eee: 1 332.50 332.50 

Firstjassistantyepacemiacciecen ater 1 228.75 228.75 

Second assistant ..........-.....0+- 1 200.00 200.00 

AphirdVassistanty-e\s clic rile 1 176.25 176.25 

Deck engineer............2++-0000 1 100.00 100.00 

Storekeeper sei). c0jodeoc cen teacie see 1 95.00 95.00 

Oilersae arate hoe erraetere ee 3 95.00 285.00 

Biremen sc7oh fate te aveaisicretspovsisioite hs 9 90.00 810.00 

@oal=passers)n 25 ses cers cele eiieiet 6 75.00 450.00 2, 677.50 

Steward Department 

Chiefisteward ja. otc ey iasctateyoraretei cc 1 135.00 135.00 

GChieficookataye eck cine esa cicie tenes: 1 115.00 115.00 

Second cook and baker ............. 1 100.00 100.00 

WINS7 MEM op casoccodasanguaeneDes 1 70.00 70.00 

MED INEM Uegsnaeduccaspoodeduodad 2 70.00 140.00 

Mesa) boys) c2 css aioe iaeisiars siecene 2 65.00 130.00 690.00 

ANKE Giiieoosogandcccocacvccos 48 Total wages per month. | $5, 315.00 
ee 
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Crew List and Monthly Wages, Vessel of 8,800 Tons Deadweight 

British 

No. Wages Amount Total 
Deck Department 

PROM Ine oc eo OWS ECO pe 1 *$258 *$258 

BSc ohne Goo a ue CC Noe 1 165 165 

Secondimates saya etict sere 3 « 1 129 129 

fhirdimateraecrveratqas iterates 1 109 109 

Carpenter yc cicrcictosiers ot vis -ioisetehetes = 1 83 83 

oats yainieryacryett i cstens cusiacershs-1 1 78 78 

Alblejseamemtpregereyiefersie verses asin 10 70 700 

Ordinary seamen..................- 2 44 88 $1, 610 

Engine Department 

irstenmineeneei rn aaisestsae sal: 1 233 233 

Second engineer ................... 1 165 165 

Third engineer............ eriestetact 1 124 124 

Fourth engineer.................... 1 109 109 

Donkey mam i siyseiayaiecs yer sepete te scase'e< 1 78 78 

Storekeeper si. jcc ccc ce eee eee 1 78 78 

Greasers\prtrncciitenerieisiseieke eee oye 3 75 225 

Firemen...... sbCodo dvetMupbdeoonlo 8 73 584 

SD rim Merse a aercpen leeches ae oes 4 70 280 1, 876 

Steward Department 

Chiefistewardirreyny- iy ecie nore 1 97 97 

Second steward.................... 1 68 68 

(Cte) Sone oon OOD oes EO oBanets cen 1 92 92 

Baker's cases hedoey eects bjedey ele aallers « 1 73 73 

Bedroom and mess steward .......... 1 67 67 

Steward?s) boy, We ncijecenieas cone ne se 1 41 41 438 

Total crew. cs! cei. sistsievalsieis aeons 45 Total wages per month. $38, 924 

Basis of Compilation of Above Figures: 
Exchange rate used to convert to American money—Pound, $4.86 
Per cent of American scale............. 2. .ccceeeceseees 74 

* Estimated. 
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Crew List and Monthly Wages, Vessel of 8,800 Tons Deadweight 

Japanese 

4 No. Wages Amount Total 

Deck Department 

Master iii cliss uate Vane Wherein ere 1 $255 .00 $259 .00 

INNES Mx soonqovcccHepoodendo006 1 148.00 148. 00 

Secondimaten aera irene: 1 110.00 110.00 

ihirdimateser yt creeiel 1 98.00 98.00 

Boatswaintaere sites te baiar eatery ten: 1 50.00 50.00 

Quartermasters. je eee eee 3 38.00 114.00 

@arpenter’ .chrelacvan esate mna dove nettle 1 35.00 35.00 

AINE CATEN oh dacaoseedgadease sno 6 81.00 186.00 

Ordinary seamen................... 6 30.50 183.00 $1, 179.00 

Engine Department 

GChiefiengineers/.j2).9 5... oe erence 1 220.00 220.00 

First engineer ............---02000- 1 138.00 138.00 

Second engineer ................... 1 105.00 105.00 

sDhirdvengineerse seer il 98.00 98.00 

Storekeeper: 4.u.20). :7 se heletisors eles 1 58.00 58.00 

irst¥onlercaatuter-wlesee ret eyc reat 1 58.00 58.00 

Orlerse hse ante oe oeereretee eae 6 48.00 288.00 

Piremenyan sche cverausbeskeracreaetanstoe: 12 32.00 384.00 

GCoalspassers) i. \sieie otncsspeceroa eons 8 25.00 200.00 1, 549.00 

Steward Department 

Steward oi sci is cisk tree cesteisyerenetereroaee 1 35.00 35.00 

Cooks recs ine osiceaereiainns eiaiets 1 26.00 26.00 

Riceicookse aire csassesietoiyele neater 1 20.00 20.00 

Messimenty sie ciserey lcciciietrntertyetecerere 3 20.00 60.00 141.00 

pLotalickew ar ricemomeceeieteee 59 Total wages per month.| $2, 869.00 

Basis of Compilation of Above Figures: 
These are minimum wages paid by three largest Japanese steamship companies. There are 

higher wages and a bonus system in addition. , 

Exchange rate used to convert to American money —Yen, 

Per cent of American scale......-.......--++2eeeeee ee 

50 

54 
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Crew List and Monthly Wages, Vessel of 8,800 Tons Deadweight 

Norwegian 

No. Wages Amount Total 

Deck Department 

Master. icisicsinre ct Sinica etietecle einciace 1 *$268 * $268 

OAC CHIC bo ogsunGanucgcateen bons 1 195 195 

Secondiofhicentmeracicitsisine esreisiacione- 1 143 143 

Aphirdtoticerresitetritesae tesecrl cle 1 104 104 

BGA GEN GacdapardcoooesucosoboGe 1 78 78 

(CEMENT cogdosac.sboooedoousueEds 1 78 78 

Able seamen.............-2.-.00:. 5 72 360 

Ordinary seamen... --..-.-.2.5...-- 5 44 220 

WiGHS MAM aan aéoadcwoaesouoBoeDO™ 1 29 29 $1, 475 

Engine Department 

Chief engineer...................... 1 221 221 

Buirstuempimeen teers (erotsfeiei levactay sve loin 1 182 182 

Second engineer................-.--- 1 143 143 

Third engineer .................--:- 1 104 104 

Birementerrcy- or etcisaive tise cineis estes 11 73 803 

Coal=passershy. esis tscierins sie scien che 4 49 196 

IOP Ron Unesco ccc ee ore ict nearer 1 23 Zone 1, 672 

Steward Department 

Steward s/s5).c0 ces sucee Pe aly Ga 1 156 156 

First cooks, nit eacjycsteyersisaers Sore steie 1 52 52 

Boyan sivaratne cicero ten fo bettie elise 1 23 23 231 

eMotali crew pate ssciastie ease secon 40 Total wages per month. $3, 378 

Basis of Compilation of Above Figures: 

Exchange rate used to convert to American money—Kroner = .26 

Per cent of American scale...............0eee cece eee eee 64 

* Estimated. 

On May 1 last the pay of engineers, sailors, firemen and stewards on American mer- 

chant vessels, government owned and privately owned, was reduced by an average of about 

15 per cent. The ensuing strike was quickly and easily won by the Shipping Board and pri- 

vate shipping companies. On August 1, 1921, the pay of the deck officers of American 

merchant vessels was reduced about 15 per cent, so far as mates were concerned. The pay 

of masters, with their greater responsibility, was reduced less, or not at all. Early in May a 

reduction in the wage scale of British officers and men became effective without a general 
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strike. New present wage rates of American and British officers and men for cargo steamers 

of the same representative type compare as follows: 

COMPARISON OF AMERICAN AND British Marinr WAGES FoR *CiLass C STEAMERS. 

American Wages Effective from May 1, 1921, and British Wages Effective from May 6, 1921 

British 

Grade American 

£ £ at $4.86 | £ at $4.00 

First ofhicerc. 2 o2.cc ae saysietis ois eciaeds o> $195.00 26/10 $128.79 $106.00 

Second officer...............2-200005 170.00 21/10 104.49 ° 86.00 

WBhirdiofhicersei.ccusec ee eerie 150.00 17/10 85.05 70.00 

Garpentetanssscyecse anes sete caer 85.00 14/10 70.47 58.00 

Boatswain. io2 504 cistec/oe ect ieee lo eetsperes 80.00 13/10 65.61 54.00 

Able seamen ..............020--0 00s 72.50 11/- 53.46 44.00 

Ordinary seamen.................... 52.50 7/10 36.45 30.00 

Chief engineer. ..).......0..22.2200% 285.00 35/10 172.53 142.00 

First assistant engineer .............. 195.00 26/10 128.79 106.00 

Second assistant engineer ............ 170.00 21/10 104.49 86.00 

Third assistant engineer............. 150. 00 17/10 85.05 70.00 

Donkeymanye ice aeici-eolefee eer ierd rey 80.00 13/10 65.61 54.00 

(ON Tee edo ond coumpaoomecaaoononns.s 80.00 13/- 63.18 52.00 

Water tender ii.) nesses ceenices ons 80.00 13/- 63.18 52.00 

Fireman cise vs cei ac ae eepanee 75.00 12/10 60.75 50.00 

Coal-passer and wiper............... 65.00 12/- 58.32 48.00 

* Class C, from 7,501 to 12,000 power tonnage—gross tonnage plus indicated horsepower. 

Reductions in an equal or greater ratio have since become operative among officers and 

men of the Norwegian and Japanese merchant services, but the data for exact comparison 

with American schedules have not yet reached the United States. It can be said, however, 

that America is now paying wages far higher than those granted by any competing nations, 

and that the cost of food or maintenance is also markedly higher, so that in this respect there 
is no important change whatsoever from the economic conditions that prevailed before the 

great war. Sea pay, which rose during the war in Europe as well as in America, has since 

been somewhat reduced in Europe as well as in America, so that the difference between 

American ships and foreign ships in wage cost and operation remains substantially the same 

as it was before. 
In fact, allowing for abnormal conditions of international exchange, the wage handicap 

against American ships is greater than ever. Foreign steamers plying in American trade de- 
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mand their freight or charter hire in American money, but buy their supplies as far as possi- 
ble and pay the wages of their crews in their own depreciated currency. The result is aston- 

ishing. A case just reported to the American Steamship Owners’ Association is that of a 

Norwegian steamer of a deadweight capacity of 11,000 tons. Her total cost of crew, including 

officers as well as men, per month, taking the kroner at 12.65 cents, is $1,613 a month, while 

the total cost of crew of a submarine boat type steamer, with a deadweight capacity of 5,350 

tons, is $3,302 a month. 

Of course the abnormal difference in cost of operation, due to the present state of inter- 

national exchange, is temporary; it will not last forever. But for the time being it has the 

practical effect of a profound discouragement to American shipping and of an actual subsidy 

to foreign shipping which will have to be met in some thoroughly effective way if American 

shipping is to live through the crucial ordeal of the three or four years to come. 

Wages and maintenance together make up about 15 per cent of the total operating costs 

of a modern freight steamer. The present cost of wages and maintenance to our British 

and Norwegian competitors, largely because of upset rates of exchange, is nearly or sub- 

stantially one-half our own cost. This exceptional difference, of course, will tend to decrease 

as financial conditions are restored, but for the present this extra cost of wages and mainte- 

nance is a grave handicap to American shipping in a period of unprecedented intensity of 

competition. The difference in wages and maintenance is all the heavier a handicap on the 

new American merchant marine because America still lacks the well-coordinated mercantile 

and maritime organization all over the world which enables British shipowners to meet the 

competition of continental nations having wage rates still lower than the British scale. The 

effect of this close British cooperation in every country, in every trade and in every port, of 

British agents, merchants and bankers in enforcing preference for British ships, makes that 

shipping in effect one of the most thoroughly protected industries of which there is any record 

in commercial history. 

An excellent case in point has just been afforded in the effort of the United States Ship- 

ping Board to secure for American ships the carrying of Egyptian cotton from Alexandria 

to this country. American cotton mills are liberal users of the Egyptian fiber, practically 

every pound of which has for years been brought to the United States, either directly from 

Egypt or via the United Kingdom, in British steamers, through a close working agreement 

between cotton merchants in Egypt and the Liverpool conference lines. 

When American steamship companies a year ago sought for their own vessels a share 

of the carrying of Egyptian cotton destined for the United States, their officials were told 

that this had been and would continue to be a British monopoly, and American vessels could 

not hope to have any share in it. For the time being the effort had to be abandoned, but 

last spring the Shipping Board forced the issue by offering a freight rate of 40 shillings a 

ton for Egyptian cotton brought to the United States and of 25 shillings a ton to the United 

Kingdom, while the bid of the Liverpool conference lines was respectively 60 shillings and 

40 shillings per ton. 

Yet so hard and fast was the combination which British merchants and shipowners had 

effected to monopolize the Egyptian cotton trade that the lower bids of the Shipping Board 

were immediately rejected, and rejected with the approval of the Liverpool and Manchester 
cotton exchanges. The characteristic intensity of the devotion of British merchants to their 

own country’s shipping is shown in the insistence of these British business men in handling 

Egyptian cotton in their own country’s ships, though it cost them a far greater price than if 
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carried in American vessels. At last accounts the United States Shipping Board had been 

unable to obtain any concession whatsoever of any share of this American carrying trade, 
and the case was being transferred to the Department of State for diplomatic action. 

From instances like these Americans can gather something of the exclusive, arbitrary 

methods by which Great Britain has developed her immense merchant marine, and some- 

thing of the difficulties beyond mere wage scales which we must meet if we are to wrest from 

British carriers any part of the transportation to the United States of imports which Amer- 

ican merchants and manufacturers have purchased. 

All over the world British manufacturers and merchants and their representatives will 

be found demanding that British ships must secure all the cargoes which they can manage to 

control. There must be similar tenacious organization and cooperation of American manu- 

facturers and merchants in the interest of their own country’s ships and their own country’s 

flag if our new merchant marine is to have the even chance to which it is honestly entitled. 

Another important factor in the maritime situation, beyond the lower wage and main- 

tenance cost of foreign ships and the disciplined activity of our competitors, is the generous 

direct or indirect national aid extended by all governments, particularly to their regular line 

steamship services. Just before the great war the United States Commissioner of Naviga- 

tion published an analysis of the subsidies, subventions and bounties then being paid to the 

steamship interests of the world’s chief maritime nations. These sums aggregated about 

$46,000,000 a year, of which Great Britain’s own share was approximately $10,000,000. 

While the British and the Germans at that time gave direct state aid only for mail, passen- 

ger and fast freight services, it was significant that other governments, notably France, Italy 

and Japan, were subsidizing virtually their entire merchant marines and even giving direct 

bounties to shipbuilding. 

As rapidly as possible, these subsidies, subventions and bounties are now being reestab- 

lished—they were not necessary during the continuance of the war. It is probable that when 

the total sums of these state expenditures are again recorded they will be found amounting 

to a great deal more than $46,000,000 a year, for the war itself most vividly emphasized to 

all governments and all peoples the tremendous value, indeed the imperative necessity, of a 

strong commercial shipping for defensive and commercial purposes. 

What the American people must, therefore, prepare to do to enable American merchant 

ships to compete successfully with the ships of foreign nations is: (1) To find the most prac- 

ticable form of equalizing American sea wages and costs of maintenance with the wages and 

costs of maintenance of foreign ships, by a system of preferential duties or subsidies and sub- 

ventions, or some other still more effective method, if that can be found; (2) of organizing 

American manufacturers, merchants and bankers into a league as disciplined and powerful 

as the similar British league, for example, for securing the carriage of a greater share of our 

imports and exports to American ships; (3) of offsetting foreign subsidies, subventions, 

bounties and like national assistance given to the ships of our competitors. In addition, if 

it is discovered that the first cost of American-built ships is greater than the first cost of 

foreign-built ships, there must be full compensation for this factor also. In other words, the 

American merchant marine must be made what it has not been for more than sixty years, 

a nationally protected industry, as for most of the life of this republic manufacturing and 

agriculture have been protected industries. These things must all be done, or the new Ameri- 

can merchant fleet, which is even now being beaten off the ocean by its competitors, will 

inevitably again decline and disappear exactly as the old merchant marine was declining from 

1855 onward. 
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Moreover, it is essential that the classification and survey of American merchant ship- 
ping in the years to come be controlled by interests 100 per cent American. The success of 

the American Bureau of Shipping is absolutely essential to the prosperity and security of the 

new American merchant marine which must also find in American hands the resources for a 

major part of the underwriting of the ships themselves and of their cargoes. Only the other 

day British marine insurance companies were assisting the Liverpool conference lines to retain 

complete control of the Egyptian cotton trade by allowing British ships much lower insurance 

rates on cotton cargoes than were being granted to American ships. The protective value 

of classification, survey and insurance of our own is a point that cannot possibly be over- 

estimated in any study of the future of the American merchant marine. 

American shipowners must develop, as rapidly as possible, what their fathers possessed 

before them, a corps of the most efficient seagoing officers in the world, every one an Ameri- 

can citizen, and the largest possible number of citizen seamen. The American people will 

never consent to protect and encourage American shipping as it must be protected and en- 

couraged so long as any substantial proportion of that shipping is officered and manned by 

alien subjects of foreign countries, our rivals in trade and possible enemies in war. Who can 

justify a merchant marine as a naval reserve unless it is securely held in loyal hands, and not 
in the hands of those who in an hour of need might betray it to the enemy? 

DISCUSSION. 

THE PRESIDENT :—The author of the paper just presented, “How Can American Ships 

Compete Successfully with Foreign Ships?’ as you all know, is not only a writer, but a 

thinker along the lines of the subject which he has put before you. He also occupies a very 

prominent position as an executive of the American Steamship Owners’ Association. I feel 

quite sure that the subject, presented to you in this way, will not only be of great interest but 

will elicit some illuminating and profitable discussion. The paper is before you, gentlemen, 
for action. 

Mr. James Donatp, Member:—Mr. President and gentlemen, on former occasions when 

I have appeared before this Society it was in the capacity of a naval architect for large 

American shipyards, and my remarks then related to the technical subjects after an experi- 

ence of thirty years in the shipbuilding business. 

I am now addressing you as a member of this Society and with five years’ experience 

in the actual operation of merchant steamers. 

Formerly I looked at the operation of steamers more from a naval architect’s point of 

view and hope that I will be able to interest you now from another point of view, namely, 
the ship operator’s. 

We are all indebted to Mr. Marvin for his paper, and for bringing before us the ques- 

tion as to “How American Ships Can Compete Successfully with Foreign Ships.” He has 

given you a scale of wages under the American and other flags and, even at the normal rate 

of exchange he has used, the cost of operating is more expensive under the American flag 

than under any other. To show the effect that the exchange has on these schedules, Table 

I herewith will show you the actual wages per month for a Norwegian vessel of 10,880 
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tons total deadweight, and the wages are as of August, 1921. This Norwegian vessel is 

larger than Mr. Marvin’s type vessel of 8,800 tons, and you will notice that the total wages 

per month is $1,613.47, which should be compared with Mr. Marvin’s total wages, per 
month, for an American vessel of 8,800 tons, $5,315, as shown on page 196 of his paper. This 

question of the labor on board the steamers of the various nationalities is the all-important 

question that the American shipowner has to contend with, and I would recommend that 

Mr. LaFollette, Mr. Gompers and Mr. Furuseth seriously consider these figures giving the 

comparisons of wages on vessels of all nationalities so that they may be able to pass laws and 

influence their unions so that the American shipowner may be better able to compete with the 
foreign. 

TasieE I.—Scale of Wages per Month for a Norwegian Vessel. 

Rate of Exchange figured at $12.65, as prevailing on August 8, 1921. 

Krons* 

Mastery. 4032 scious cra 69. $147 .88 

Ist officer ................. 500 63.25 

2d officer ................. 450 56.93 

odvofiicenmenenne te eee 325 41.11 

5 A.B.’s.................. 270 each $34.16 170.80 

SION Sirgen ee aeasee mee 200 each 25.30 126.50 

1 Boatswain .............. 330 each 41.75 

IL (CAMGING ooegooosbasn ue 330 each 41.75 

1GieyDeckidepartmentataserecheemee cee ee ena $689 .97 

Steward .... 00.0: 0....005... 400 $56.93 

Cook 350 44 28 

2d cooks a ternemenice rs 200 25.30 

Miessboyss1c- caries een tac 115 14.55 

4 Steward’s department.....................00-0000- $141.06 

Chief engineer.............. 700 $88.53 

2d engineer................ 550 69.58 

3d engineer ................ 300 44.28 

Two donkeymen............ 310 each $39.22 78.44 

Tiwooilers. jcc coc. eererccracys 310 each 39.22 78.44 

Q firemen . 255052. 0s0000 00 300 each 37.95 341.55 

3 coal passers.............. 215 each 27.20 81.60 

19 Engine department............................... $782.44 

Total wages, 39 men per month..................$1, 618. 47 

W ages per man per month (average).............. 41.37 

Wages per man per day (average)................ 1.37 

* Norwegian 

What the American merchant marine requires is more freedom as regards the nationali- 

ties of the crews, and American shipowners should be allowed to employ cheap alien crews 

the same as other nations do; otherwise, if an American merchant marine must be estab- 
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lished this government will require to step in and pay the shipowner the difference in cost of 

wages between those existing on American steamers and those under foreign flags. 

We have heard a great deal during these last few years regarding the possibility of the 

future American merchant marine, and too much general talk has been engaged in rather than 
in obtaining the actual facts. 

My object today is to give you some exact figures showing the present cost of operation 

between vessels of foreign countries and those of the United States. The situation looks 

serious for the shipbuilder and also for the present owner of high-price tonnage, and as 
long as we have sufficient tonnage afloat I am afraid that it will be several years before there 

is a demand for new freight steamers. 

Taste I1—Comparative Cost of Operation of 5,800-Ton Deadweight Steamer Based on a 
Value of $20 per Deadweight Ton, September 6, 1921. 

British American 

Pre-war Present Present 

Grews?) Wares nelriersietaanecsaeinies weed $1,256 14c $2,222 26c $3,875 44c 

Riicrualling ea Peri epermar er hes 494 5c 883 10c 1,085 12c 

UXdministrationi soy s-r-er rec cyatsieisets eleieie ceva 277 Ae 300 4c 1,000 1c 

# Repalrsiem ee eee a aeine se ee sine s 400 5c 1,000 lc 1,000 Ilc 

ED ry dock wetcsa-sueiarr ea eievaiseeica sake sisye¢ 400 dc 800 9c 800 9c 

Deck and engine stores.................... 350 9 3c 700 8c 700 8c 

Depreciationy 5/7o waviness qc leo ser os 733 8c 733 8c 733 8c 

Insurance; 6% sic oeccdectreaniy ec oesh ee esas ees 880 10c 880 10c 880 10c 

Matera OG so cranc Tee Sr, 880 10c 880 10 880 10c 
Hoss hires 10% py een ne a ast ect aa cheeses 567 = 6c 840 9c 1,095 12c 

$6, 237 $9, 238 $12, 048 

Cost per d. w. ton per month............... 70c $1.05 $1.35 

(Charterrate:5/ Gilat PS) Ovascrctep verter io cassie | eocitcerheteisiaietaie a ele: 1.0175 1.0175 

IDOLE Some eb dbeao Coes cond r Cae tic oo.cea| ORR S GEER eae erCene $0 .0325 $0.3325 

* Includes periodical surveys, local inspection, etc. 

The figures I am going to show you will prove to you that the present commercial 

value of freight steamers of an average tonnage of 7,500 tons deadweight is $20 per ton 

deadweight. In order to prove this I would refer you to Table II, where you will see that 

the cost to the owner of chartering a steamer of 8,800 tons deadweight, under the British 

and United States flags, as of September 6, 1921, when the exchange was $3.70 per £ 

sterling, was $1.05 per ton for the British steamer and $1.35 for the American steamer— 

please note that this is on a valuation of a vessel at $20 per deadweight ton. The charter 

rate at this date, 6th of September, 1921, in the open market was 5s. 6d., which, at $3.70 

per £ sterling, equals $1.02. Therefore the British ship, as of September 6, 1921, is making 
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a loss of 3 cents per deadweight ton; while the American ship at the same date is making a 

loss of 33 cents per deadweight ton, on a valuation of $20 per deadweight ton. 

Tae III.—Comparative Cost of Operation of 8,800-Ton Deadweight Steamer Based on 

a Value of $20 per Deadweight Ton, November 15, 1921. 

British American 

Pre-war Present Present 

Grews?wagesiya. stitc cone eyes ita $1,256 14c $2,222 26c $3,875 44c 

Wictuallin gases ceyis test race caer enter 494 4c 883 10c 1,085 12c 

Administrationiee eee eee eee 277 4c 300 4c 1,000 I1c 

MIRE PALES ate erie ee hts CLES Needs 400 5c 1,000 11c 1,000 llc 

*Drydockwetensrn-(incceetelristervonre ae reley= 400 5c 800 9% 800 9c 

Deck and engine stores.................... 350 3c 700 8c 700 8c 

Depreciation yore eee eee 733 «8c 733 8c 733 8c 

Insurance iG %oipriae eae eee eee 880 10c 880 10c 880 10c 

Interest (Giise sen ee economist kaeaierer sare 880 10c 880 10c 880 10c 

Moss hire; VO whet) octrac wierenterer Paeecte titer stees 567 6c 840 9c 1,095 12c 

$6, 237 $9, 238 $12, 048 

Cost per d. w. ton per month............... 70c $1.05 $1.35 

Charterjrate/5/Glati$s-O5eermeeeeee eae eee Ne aAen cen ed emeaee 1.086 1.086 

Profite ene arse $0 .024 Loss $0.264 

* Includes periodical surveys, local inspection, etc. 

By referring to Table III, dated November 15, 1921, when the charter rate was 5s. 6d., 

but the exchange was $3.95 per £ sterling, the profit for the British steamer is 2 cents per 

deadweight ton, and for the American steamer there is a loss of 25 cents per deadweight ton. 

These two statements prove that the British steamship owner with a ship on a valuation of 

$20 per ton is just breaking even, while the American is losing $0.264 per deadweight ton 

per month, showing a loss at the end of twelve months of $27,878.40 or a loss per year 

per deadweight ton of $3.17. Assuming that the United States has 10,000,000 tons dead- 

weight in steamers and it has been proposed that the Government should pay the difference 

in cost of operation, this would mean that there would be a yearly subsidy of $31,680,000 

to overcome the difference in the cost of operation between an American vessel and a for- 

eign one. It will be interesting to you to check up these figures from another point of view, 

shown on Table IV, where the time-charter rates and the owners’ expenses in 1913 and 

1921 for a British steamer are shown. It is there shown that the time-charter rate in 1913 

was 84 cents and the owners’ expenses were 75 cents, leaving a margin of profit of 9 cents 

per deadweight ton per month, which was quite a reasonable profit after paying all over- 

head. In 1921 a time-charter rate is taken at 6s., at $4.00 per £ sterling, and is therefore 

$1.20 per deadweight ton per month; the owners’ expenses at the present time are $1.11, 
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which again gives a margin of profit of 9 cents per deadweight ton per month, so that it 

will be seen that the British shipowner has now got his expenses and charter rate on the 

same basis as before the war. 

Tas_e 1V.—Time-Charter Rates and Owners’ Expenses in 1913 and in r92I. 

BRITISH STEAMERS, 

1913. 

Time-charter rates.............. 38/6d at $4.86 84 cents per deadweight ton per month 

Owner’s expenses............... 38/1¥4d at 4.86 75 cents per deadweight ton per month 

Margin’ sccrconmiar coed fei 03/436d at $4.86 9 cents per deadweight ton per month 

1921. 

Time-charter rates.............. 6s/- at $4.00 $1.20 per deadweight ton per month 

Owner’s expenses............... 5s/634d at 4.00 1.11 per deadweight ton per month 

Marginlse a caceiase serie a tas 0s/534d at $4.00 $0.09 per deadweight ton per month 

Note that the margin over owner’s expenses in each instance is 9c per deadweight ton per month 

TaBLeE V.—Hampton Roads, Va., to Genoa. Freight Rates and Cost of Transportation in 

1913 and in 1921. 

On ship’s value of $20 per d. w. ton—8,800 tons d. w. 

BriTIsH STEAMERS, 

1913. 

Goaltratesnins ae sane cesesbee 15s/— 17s/6d ($4. 86) $3.60 $4.20 

Cost of transportation .......... 13s/3d 13s/3d ($4.86 ) 3.19 3.19 

Marginiacn cmon asses se 1s/9d 4s/3d ($4.86) $0.41 $1.01 

May, 1921. 

Goaliiratesis.. ee ne orscein et 30s/— 32s/6d ($4.00) $6.00 $6.50 

Cost of transportation .......... 28s/6d 28s/6d ($4.00) 5.70 5.70 

METI ca saccanossocacesagss JOG 4s/- - ~— ($4.00) $0.30 $0.80 

November, 1921. 

Goalhrates 2): 8 Ace aes 21s/3d 21s/3d ($4.00) $4.25 $4.25 

Cost of transportation .......... 22s/9d 228/9d ($4.00) 4.55 4.55 

Lost. Stee ere 1s/6d 1s/6d ILE SA Gaepe $0.30 $0.30 

AMERICAN STEAMERS,. 

November, 1921. 

GCoall)srates's:0)) eich Gl ce ae 21s/3d 21s/3d ($4.00) $4.25 $4, 25 

Cost of transportation ................ sv aeeee ($4.00) 6.07 6.07 

Ossi. Se Sa ete a ae eer ates edietes See Ss Loss........ $1.82 $1.82 

As the question of export of coal is important at the present time, it will be interesting 

to show you the comparison in operation between an American steamer and a foreign one. 

By referring to Table V, the freight rates and transportation costs in 1913 and 1921 are 
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shown; first for a British steamer of 8,800 tons deadweight at $20 per ton deadweight value, 

and in 1913 the coal rates ran between $3.60 and $4.20; the cost of transportation at that 

time was $3.19 and the profit was an average of 70 cents. In May, 1921, the coal rates 

existing between Hampton Roads and Genoa were between $6 and $6.50—the cost of trans- 

portation had increased to $5.70, leaving a margin of profit of about 55 cents per ton. In 
November, 1921, the coal rates had been reduced to $4.25 and the cost of transportation 

for British steamers $4.55, leaving a loss of 30 cents per ton. For an American steamer, 

on the same value of vessel and of the same size, as of November, 1921, the coal rates are 

still $4.25 and the cost of transportation $6.07, showing a loss to the American steamer of 

$1.82 per ton and completely eliminating the American steamer from this trade. 

We therefore conclude, from the above facts of the actual operation at the present time 

of American steamers, that it is impossible at the present time and under present conditions 

for American steamers to compete with foreign steamers. We also find from the above that 

if a subsidy is adopted it will mean an annual payment by the Government to overcome the 

extra wages of a sum amounting to $31,680,000 per year. It also shows that, if no finan- 

cial assistance is given to the American shipowner, it will be necessary to employ foreign labor 

at the cheapest rate on board American steamers. These figures also indicate that the pres- 

ent value of tonnage is not more than $20 per deadweight ton as shown from the actual work- 

ing of the ship and also from the record of the past year from the sale of ships in Europe 
which bears out this value, and therefore shows a very serious situation for obtaining new 

contracts for the shipyards, for selling the surplus steamers belonging to the U. S. Shipping 

Board, and for the possibility of American shipowners owning high-priced tonnage writing 

down their steamers at the present low freight rates. 

We all should forget our own selfish points of view—the designers of vessels, the ship- 

builders, the repairers and the suppliers of materials and equipment should all be represented 

in the same lifeboat, and strive to save ourselves from drowning. By steering the Senate, 

House of Representatives and the labor unions in the right course we may be able to reduce 

our costs to such an extent that the shipowner can operate his steamers successfully in com- 

petition with the foreigner and thus build up a merchant marine worthy of these great 

United States. 

Mr. Marvin :—I would like to voice my own thanks for the very careful paper which 

has been prepared by our friend and neighbor. I think it is the most accurate statement of 

exact conditions which now confront American shipowners. The figures prove absolutely 

the contention that American vessels cannot live on the high seas today any more than they 

could before the great war. I think that Mr. Donald has rendered a great service to this 

Society and the whole American merchant marine by portraying the actual ship competitive 

conditions more graphically, and I think more fairly, than I have ever yet happened to see 

them presented anywhere. 

On the matter of the suggestion that we samples foreign labor, Mr. President, I am not 

sanguine that we could permanently gain very much by that expedient, but I would like to 

impress upon the members of the Society that that expedient is entirely open to us at the 

present time, for except on a very few steamers provided for under the Act of 1891, all the 

crews below the rank of licensed officers can be of any nationality; they can even be all Chi- 

nese, but our experience is that, when we have used foreign labor, foreign labor, overnight, 

so to speak, demands and receives the American wage scale. Before the war, not 10 per 
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cent, on the average of the unlicensed men—-sailors, firemen and stewards—in the beyond- 

seas trade or American trade, were American citizens, and yet at that time the pay of the 

crews of the American ships was just as much higher as in the days when the law required 

two-thirds of the crews of American ships to be American citizens. 

Moreover, I call your attention to the circumstance, that under the voluntary action of 

the American Steamship Owners’ Association and of the United States Shipping Board, for 

some months past preference has been given to our own seamen, firemen and others, who are 

American citizens, and that has resulted in a great increase of the American personnel on our 

ships in general—it has been so great that the Sea Service Bureau of the U. S. Shipping 

Board has been able to announce in the last month that almost all the men shipping from 

that bureau have been American citizens. We now have the highest American personnel in 

the experience of any living American owner. 

Sea wages are fixed by land wages. They are higher on sea in our case than they are 

in foreign countries, because land wages are higher, and that is an economic law we cannot 

dispense with in our day and generation. 

Another point—we need a merchant marine, as you know, largely for naval reserve 

purposes. A substantial part of the crews must be American citizens for our own protec- 

tion. During the war there were several instances of shameful conduct on the part of crews 
—nearly all foreigners—of merchant ships that were torpedoed and sunk by the German sub- 

marines, and the United States issued an order that no aliens should be shipped on vessels 

carrying troops from America to Europe. The Navy substituted green boys who had not 
been to sea before, and they did remarkably well. 

I am in earnest in believing that we shall never have a merchant marine in this coun- 

try if it is chiefly manned, as economical considerations might demand it should be manned, 

by foreign labor. The American shipowners must show that they are employing a very con- 

siderable proportion of American sailors and firemen before they can hope for any sub- 

stantial protection or encouragement whatever from the Congress of the United States. 

THE PRESIDENT :—The remarks of Mr. Marvin can be considered as preliminary only. 

He is therefore privileged to reply to any other discussion, so that the discussion is still 

open for those who wish to express themselves. 

Mr. Epwin C. BENNnett, Member:—I had not intended saying anything in connection 

with Mr. Marvin’s paper, for I am not a ship operator and therefore feel a certain hesi- 

tancy in entering a discussion upon one of the most vital problems facing the American peo- 
ple. Iam, however, a naval architect and shipbuilder, and therefore the success or non- 

success of the American merchant marine reflects itself very materially in the business I 

am engaged in. It is a subject whose solution will be of the greatest influence upon the future 

welfare of this Society and every member connected with it. I feel that, of all the papers 

being read at this meeting, this is of the most vital consequence to all of us and should receive 
the greatest attention. 

Mr. Donald, in the tables presented in connection with his discussion, very clearly shows 

the handicaps under which we are struggling even with ships carried at $20 per ton dead- 

weight, and puts forth anything but a rosy outlook. Mr. Marvin also in his valuable paper 

refers to the first cost of the American ship as an item to be seriously considered. Now 

we know there are today something like 3,000 American ships, owned by citizens or the U. S. 
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Shipping Board, of which number the Shipping Board controls some 1,450 of 10,500,000 

deadweight or practically 60 per cent of the gross tonnage. The Shipping Board is there- 

fore the controlling factor in the shipping situation today, and, through its policy, will de- 

termine what the future of the American merchant marine shall be. I feel very strongly that 

little real progress can be made in stabilizing the merchant marine situation until the present 

market price of the vessels are determined upon a proper and logical basis and those prices 

used as the basic value in considering what remedies must be given to American shipping in 

order that it retain its proper position in world commerce. 

We have recently seen in the public press advertisements by the Emergency Fleet Cor- 

poration offering its ships for sale on a private competitive basis, with a proviso stating that 

the board has set a minimum price upon these vessels. So far as I know, the minimum price 
has never changed from the previously announced $165 to $185 per ton deadweight. The 

latest advertisement offers certain specific vessels of varying types for sale—supposedly ves- 

sels of the highest grade—without, however, a minimum price but with the right of the Ship- 
ping Board to negotiate after the bids are in. In view of the unfortunate experience of the 

“pioneer” purchasers and the present deplorable condition of the freight markets, which make 

the ownership of a ship a liability rather than an asset, I feel the Shipping Board will get 

few bids that can be used for determining the basic value of the government fleet. The 

board will undoubtedly get a certain line of information—namely, the value of existing ton- 

nage in an oversold market—but this is not the basis that should be used in determining the 

“capital cost” value of the Shiping Board tonnage. If the American merchant marine is to 

be given any hope of holding its own as one of the carriers of the world’s sea-borne com- 

merce, the Shipping Board will have to get the book value of the fleet down to a point where 

that value is comparable with the book value of the vessels operated by our competitors, and, 

to my way of thinking, the Shipping Board should immediately take steps to find out from the 

shipyards of Great Britain, Norway, Germany, France, Holland and others of our competitors 

exactly what the “replacement” cost of the existing fleet is; then use that information as a 

base on which to make the other adjustments called for in clause No. 5 of the Merchant Ma- 

rine Act, and, in that way, get down to some basis of “book” value that will be comparable 

with that of our competitors. 

Mr. Donald has shown that a capital cost of $20 per ton is too high in the present mar- 

ket without government aid, in competition with foreign tonnage. Well, if we cannot get any 
help from the Government we must bring down the book value to where we can compete. 

Say, for purposes of illustration, the cost works out at $15 per ton, then let the Shipping 

Board advertise the ships for sale from time to time by competitive bid, stating that they 

are offered at a minimum price of $15. A prospective shipowner could then value the par- 

ticular ship he is interested in and determine how much more he can afford to bid in compe- 

tition. Holding the present tonnage at $165 to $185 and without, so far, any apparent assist- 

ance from the Government either by subsidy or the enforcement of existing laws, is a situa- 

tion that militates against the sale of the ships to any private ship operator. 

The Democratic Administration formulated and passed the Merchant Marine Act of 

1920, and, after it became a law of the land, promptly refrained from enforcing its provi- 

sions. It passed into the Republican Administration, who, I think, are quite as anxious as 

the Democrats to see an established merchant marine, but they, too, seem very reluctant to 

enforce the various measures included in that law to assist our shipping. Now, if that law is 

so “prickly” that our legislators are afraid to enforce it, let us get something that will be 
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carried int» effect. It is a moral certainty that without some form of government assist- 
ance the existing handicaps under which our shipping operates are too heavy to be endured, 

Not being a shipowner or operator, I feel a certain diffidence in expressing an opinion 

upon the wage rates given by Mr. Marvin. I believe, however, we must face the fact that 

the wages paid our seamen will always be higher than paid by our competitors, and it is one 

of the many factors to be taken into account in formulating any legislation for the help of 

our shipping. 

The question of insurance rates on both hulls and cargo has a large influence in the 

operating costs of a vessel, and I am informed that it is cheaper to place such insurance 

abroad than in America. I am speaking from hearsay, but if it is a fact that insurance is 

more expensive when placed in this country and the situation cannot be altered through com- 

petition, then this fact also must be taken into account in future assistive legislation. 

The Disarmament Conference now taking place in Washington, under which the num- 

ber of capital ships of war will be limited, looks to me as tending to bring the merchant ship 

forward as a more necessary adjunct to the country’s offense and defense. If the number of 

our capital ships is limited, and the country enters into a state of war, the first thing we 

must do to protect ourselves and our lines of commerce is to arm our fast merchant ships for 

use as cruisers and to protect our slower freight-carrying vessels. We will be in a most un- 

enviable position and a most serious situation if, through lack of help and assistance through 

proper legislation, the American merchant marine is allowed to be dissipated and lost. A 

strong and effective merchant marine is, more than ever before, necessary for our future 

safety and protection, and the point I really want to stress is that the Shipping Board should 

face the situation squarely and, realizing it is the controlling factor, come out boldly with a 

program—even if it means a direct subsidy—for the support of our country’s shipping and 

make it possible for American shipowners to purchase Shipping Board vessels at a price 

that, coupled with government aid, will allow us to compete with the ships of foreign 
nations. 

One of the main factors in formulating this program is to find out the actual replacement 

value of our ships, make the necessary adjustments to that price to meet the provisions of 

clause No. 5 of the Merchant Marine Act, and, having determined a logical selling price, 

offer these ships to American citizens, and, after a certain length of time, to any foreign 

purchaser who can meet the terms of payment. By all means remove that menace of undi- 

gested shipping that is now overhanging the American market and which handicaps every pri- 

vate shipowner and deters him from venturing into new projects. 

COMMANDER STEVENSON TayLor :—I think I can assure the meeting that it is not the 

idea of the Shipping Board to ask, for the ships they wish to sell, the old price of $165 per 

ton deadweight. I would like Mr. Bennett, as a shipbuilder, to tell us what is his opinion 

as to the price which should be asked for these ships, having due regard for the replacement 

value at the present time, and having due regard also to the proper business-like way of 

conducting such negotiations. 

Mr. Bennett :—The replacement value in the American market today is very hard 
to say with any degree of definiteness 

CoMMANDER TAYLOR :—I thought you may have some idea 
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Mr. BeENNETT:—I believe the best of the freight ships could be replaced today in 

American shipyards for from $90 to $110 per ton. That, however, is not the point I wish 

to make. It is not logical to set a replacement value of $100 per ton on Shipping Board 

vessels when we can go abroad to the shipyards of Germany, France, Norway or Great 

Britain and build the same ship for some $50 per ton. 

CoMMANDER TAYLOR:—Is that so? 

Mr. BENNETT :—I believe it is. We have to compete with the foreign ships, and there- 

fore we should bring the value of our ships down to the book value of our competitors, irre- 

spective of whether it is different from what we can replace them for in the American market. 

Tue PRESIDENT :—This discussion seems to bring out the salient points. 

Mr. H. C. Towte, Member:—I wish to state that as far as shipbuilding costs are con- 

cerned I believe that the replacement value in this country today is lower than it is in Eng- 

land. Within two days I have received actual labor and material costs from England on a 

10,000-ton tanker and also on a 9,000-ton freight ship. In both cases they were from $6 

to $8 a ton higher than some shipyards in this country can do the work for. 

The last speaker mentioned the Shipping Board vessels. We have in this country a 

large tonnage idle. If the ship operators—the American ship operators—can take these ves- 

sels and operate them profitably, let them take them, even though the Government sells 

them for $25 or $20 a ton, or less, and get them to work. These vessels then will establish 

trade routes and the shipyards will come in later on replacements, the same as British ship- 

yards will come in on replacements of their tonnage at a later date. 

Shipping men of other countries are afraid that the American Government will dump 
these ships on the open market, and that they will be absorbed by their competitors, and they 

are afraid more of that than they are of any other one feature in the situation. If the ships 

are to be sold soon, I see no reason why the American ship operator should not obtain the 

benefit of cheap prices. 

Mr. W. H. Mackay, Member:—As an American of forty-five years’ experience, born 

here in the City of New York, it is only natural that I should feel proud of being permitted 

by our government officials to operate as chief engineer, with a license of the kind stated. I 

merely mention these circumstances so that you will understand that I have had the experi- 
ence and know what I am talking about. The question of operating ships under the Amer- 

ican flag is a very vital question as to the success of the American merchant marine. If 

the shipbuilders and the ship designers continue to specify nickel-plated fixtures for the 

crews, in addition to enamel bath tubs, porcelain wash basins, beautiful mirrors, three or 

four systems of hot and cold water, and other accessories, such as linen sheets and linen 
pillow-cases that have been stolen off vessels and sold in foreign ports during the great war 

by the crews that we were compelled to sign on, most of them composed of the scum of Eu- 

rope, then we might just as well close up shop and go out of business. During this World 

War I have seen sailors, firemen and coal passers carrying ashore almost everything that was 

movable and that could be sold in a foreign port, costing the owners thousands and thou- 

sands of dollars to replace the same. Another great expense to the shipowners that could be 

eliminated is the waste of fresh water. It was almost impossible to prevent the crew for- 
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ward wasting the fresh water, due to the fact that they frequently opened the valves and 

permitted tons and tons of fresh water to run overboard and into the sea. Furthermore, 

tons and tons of coal mixed with ashes were lost by being allowed to go overboard, with the 

ashes, no care being taken to separate the same. Oil waste and other supplies, including 

silverware, dishes and table cutlery, disappeared in the same manner. Nothing like it ever 

occurred on any other vessels but ours, due to the fact that our laws are written in such 

a way that it is practically impossible to compel obedience to the captains and the chief engi- 

neers of the ships flying the American flag. 

Many of the men making up the crews in our vessels during the war were tramps and 

slackers of the worst kind, of all nationalities, seeking a place of safety on board our ves- 
sels where they could get plenty to eat and a good place to sleep, safe from any possible 

chance of being drafted to a field of danger, and receiving large pay for a small amount of 

work. In a number of cases, after these men were well fed and recovered their strength 

which they had lost through inferior food and poor housing quarters ashore, they refused 

to work on our vessels when at sea, claiming that they were sick. According to law, an officer 

of a ship, when a man is reported sick, is compelled to make an examination of the man, take 

his temperature, count his pulse beats, respiration, apply a stethoscope to his heart and ascer- 

tain if the man is normal or abnormal. If we find that he is in first-class health and order 

him back to work, he will say, “I am sick” and you can go to In a number of cases 

we were compelled to put such seamen in double irons and feed them on bread and water for 

five days. In some cases it was a permanent cure; in other cases the cure was only tem- 

porary. If we logged these men and deprived them of their wages, on return to port they 

put up an awful fight and, rather than have the ship delayed, all parties interested acqui- 

esced and agreed to pay them their wages to get rid of them. But the next crew was just 

as bad, and sometimes worse, demanding, on certain holidays, such as Sundays, etc., their 

chicken and their turkey and their jam and their fruit, and if they did not get it they refused 

to work, claiming that the law gave them the right to demand all these things. 

The sooner the La Follette law is changed so that it is reasonable and gives the owners, 

the captains and the chief engineers a little more authority over the crews on board ships 

flying the American flag, insisting that they must obey the officers without question; then we 

will have a merchant marine that we can be proud of. 

Men with a college education will never be attracted to the merchant marine service as a 

life profession, due to the fact that it takes a different type of man to pass coal, fire boilers, 

oil the bearings, make repairs in general on the boilers, engines and auxiliaries, from time 

to time as they need them, at the wages that the steamship companies pay. A man with a 

college education may eventually become chief engineer, but when he arrives at that point 

in his profession he then seeks a position ashore where he can get a salary of $6,000 to 

$10,000 or $12,000 a year, which he is entitled to with his education and if he has the 

executive ability. A man does not spend four years in college at an expense of $6,000 to 

$7,000 or $8,000 for his education for the purpose of preparing himself for a job or posi- 
tion that would not pay him more, even at the very most over $300 a month for the balance 

of his life. Therefore it is necessary for us to train the native-born American boy from the 

bottom up, but the first thing to teach him is obedience and respect to the officers of the ship, 

who are held responsible for the safety of the vessel, the safety of the cargoes, and the 
safety of the lives of those who are traveling on that ship. Until all these matters have 

changed as suggested by me, until that time our merchant marine will be a source of great 

expense with very little profit for those who have invested their money in our ships. 
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The watchword, therefore, in the future, shall be 100 per cent American crews, the high- 

est economy, reasonable living quarters and, above all, obedience. 

Mr. Howarp C. Hicerns, Member:—I desire to say a word in defense of the Ameri- 

can crew, not in the way of discussing the paper which is now before us, but in answer to the 

remarks of the gentleman who has just spoken. I have dealt with American crews, espe- 

cially the engine department personnel, on American ships for the past twenty-five years, and 

the statements this gentlemen has made, as far as my observations go, are wholly unfounded. 

I believe there are no more faithful, loyal, hard-working crews on any ships afloat than the 

crews on American vessels, and in view of the remarks previously made it is my feeling that 

a word should be stated in their defense. 

Captain D. J. SuLttivan, Member:—I happen to be a master of a ship under the 

American flag, a graduate engineer who first started to sea as an engineer. I have been 

nineteen years in the service, and what has caused me to speak on this subject this morning 

is the question of foreign crews. 

I have had in my day mongrel crews. I have had complete crews of Chinese, of Japa- 

nese, of Swedes, and of negroes. I have had crews made up of all American-born seamen. 

I have found by actual experience that the American-born crew, provided you pick them, 

provided you weed out those who do not wish to work, though they are paid, Mr. President, 

100 per cent more than the next best paid crew, is the most efficient and in the end the most 

economical. (Applause.) 

I stand before you today the master of a privately owned American ship, for which the 

owner paid $225 a ton, at the peak prices, and purchased it from the United States Ship- 

ping Board. At the time—which is now a year and a half ago—when he selected me to take 

command of the ship, conditions were bad and were rapidly growing worse. The cost of 

loading, the cost of detention, the cost of demurrage, the cost of repairs—and I hope there 

are a few shipyard men here who are listening to what I have to say about repairs—the cost 

of repairs were and are simply exorbitant. 

From the time that I assumed the command of that ship, a year and a half ago, until 

the present day, there has been less than $4,000 expended in repairs for maintenance. The 

chief engineer, the master and the chief officer are specially paid men. The crew is Amer- 

ican, selected. Of the eight licensed officers on board that ship, six are college graduates. 

Seven of the eight served abroad. We have reduced the fuel consumption on that ship from 

42 tons a day to 28. We took the ship with an average speed for the transatlantic voyage 

of 9.4 and brought it up to 10.8. We have reduced the cost of the crew to about half Mr. 

Marvin’s figures which he gave for the Shipping Board vessel—the cost of my crew today 

is $3,007.50 a month, or $2,300 less than the cost of the crew on a Shipping Board vessel on 

May 1. The cost of subsistence for the crew is 50 cents a day per man, from master to 

mess boy. 
Our ship, unfortunately, is equipped, as the gentleman said, with nickel-plated fixtures 

for the bathtubs and nickel-plated faucets in various parts of the ship. We have seen fit to 

remove on that vessel all of the fancy patented equipment which the architects placed on 

board, and instead of having a steam pump with which to pump the water we put in hand 

pumps. The crew used 162 tons of water on the first voyage, and today we use 14 tons for 

ship’s use, and we employ the immersion for cargo capacity. 

As to the comparison in the operation of vessels—that has been a debated subject with 
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me for some time, and I have studied it for years—I was trained under my old uncle, and 

we realize that the main item in the cost of operation is overhead expense. 

There are very few steamship organizations the president and general manager of 

which are on intimate terms with the masters of their ships. The ship can be in distress, the 

ship can be sorely in need of essential repairs, which will reduce the cost of operation, and 

the blue pencil works automatically. In some cases you have repairs approved and you pro- 

ceed to the shipyard, and you have certain repairs made in accordance with how much you 
yourself are on the job, watching it, watching each and every turn—and every member 

here present today knows that to be a fact, that it is necessary to do this—and on board my 

ship we insist on at least 99 per cent of the time being devoted to the work of making the 

repairs and allow the repair gang only 1 per cent of the time in which to shoot craps. 

One of the most important considerations in steamship operation, and one that is 

least considered by American operators, is the question of turn around. Your ship is 

costing you just so much per day in port. It is costing you just so much more per day 

when steaming at sea. When that ship is steaming at sea, she is immediately forgotten. 

She is turned over to the master from the time she clears the custom house in New York 

and leaves the dock, and the office force throw their hands up and say, “Thank God, 

she’s gone.” 

Now, as just a simple, rough comparison, depending on my memory, which some- 

times fails, I will try to call attention to some of the features which run into money. For 

example, it took fourteen working days and two Sundays, overtime, and six nights all night 

long to load my ship one voyage, and we discharged in eight working days and two hours’ 

overtime. The next voyage it took just exactly twelve days, with five days working all 

night long, to load her, and we discharged in nine working days. You have the added 

expense of your vessel lying idle, loading, plus the overtime of your longshoremen and the 

overtime of your stevedores. 

One of the important considerations in American steamship operation is the analysis 

of its cost. I got into that, gentlemen, when I was port officer of the United States Navy, 

located in France, in charge of the movements of 300 colliers, and at that time we found 

out what operating costs were. Admiral Sims and Captain Long would camp on our 
trail, and there was an effort made to constantly keep these costs down, and we certainly 

did, from time to time, make great reductions in those costs. 

With what I learned in that capacity abroad, and from other data which I have had 

access to, much to my surprise we can show that the ships can be made to pay, but the 
overhead is the blooming thing—that is the thing which makes it physically impossible for 

our operators to surmount their troubles, both in the original cost, the cost of your port 

facilities, not only at the Port of New York but all ports; and without going into de- 

tail, I will say if we can get 100 per cent honest men in the steamship business, I think we 

could reduce the cost of operation 25 per cent. 

THE PRESIDENT :—The expressions of views which we have heard are most interesting, 

bearing particularly in mind the comments of the last speaker. I think we can sum the 

whole situation up in one single word—efficiency. That is largely true of every operation 

in life, and if you have men whose principal concern is to see how much they can draw 

down per day or per month, and how little energy they can put out for that amount, you 
necessarily have disastrous results. If, on the other hand, you can develop an esprit de 



216 HOW CAN AMERICAN SHIPS COMPETE 

corps resulting in sympathetic relations between the master of the ship, the officers of the 

ship, and the men, they’ will take a keen interest in what is going on, and there will be in- 

stilled into the minds of all the feelings which should actuate loyal workers in any field of 

endeavor. You are then sure to get the efficiency which the last speaker has so forcibly put 

before us. 

Mr. Marvin, do you wish to say anything in closing this discussion? 

Mr. W. L. Marvin :—I have only a few brief words to say on two points. In what 

I presented in my paper, I urged the protection of the American shipowning industry; but 

I want to say, Mr. Chairman, that the American shipowning industry has no right to ask to 

be protected against any remediable extravagance or inefficiency of its own. It does not 

ask so to be protected. The American ship, particularly if it is carefully manned by such 

men as we have in this country, and it has been shown that it can be, ought to be operated 

as efficiently as any foreign ship in the long run, and I believe, if the proper effort is made, 

that result can be secured. 

I want to say, Mr. Chairman, that I was intensely interested in what was said by Cap- 
tain Sullivan just now. I think his message is one of immense encouragement. He has an 

American ship and a carefully selected American crew. He is an officer, apparently, of the 

kind that we want to send to sea—the kind of officers, Mr. Chairman, that controlled our 

ships in the heyday of the clippers and packets, thorough-going Americans, better educated 

than their competitors, and able to render efficient service in their various capacities. 

I have appreciated very much this opportunity of speaking on this subject, and I also 

appreciate the discussion which has ensued upon my paper. 

THE PRESIDENT :—I am sure the Society desires to express its thanks to Mr. Marvin 

for his very interesting paper, and for the very effective way in which he presented it. 

The next paper, No. 7, is entitled the “Importance of Port Facilities in the Develop- 

ment of a Merchant Marine and Commerce,” by Rear Admiral H. H. Rousseau, C. E. C., 

U.S. Navy. In the absence of the author, the paper will be presented in abstract by Captain 

Linnard. 

Captain Linnard presented the paper. 



THE IMPORTANCE OF PORT FACILITIES IN THE DEVELOPMENT OF A 
MERCHANT MARINE AND COMMERCE. 

By Rear Apmrrat H. H. Roussrau (C. E. C.), U. S. Navy, Visrror. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

Commerce involves transportation on a large scale, and the vessels comprising our 

merchant marine are the necessary vehicles of and serve the needs of our sea-borne foreign 

and domestic commerce. Commerce of these two classes involves at least three major trans- 

portation movements or stages, which for outgoing shipments are as follows: 

First Movement: On land (or water) from the point of origin to the port of departure. 

Second Movement: On water, from the port of departure to the port of destination. 

Third Movement: On land (or water) from the port of destination to point of delivery. 

While the first and third stages may each be made up of several minor movements and 
may be by canal, river, ocean, highway, or railroad, or any combination thereof, railroads 

are by far the greatest transportation factor from a tonnage standpoint, and these two move- 

ments may therefore be considered to be made on land. In some foreign countries water 

catriers are employed to a greater extent than in ours for inland transportation. For goods 

and merchandise produced or originating in the immediate vicinity of a port, the first trans- 

portation movement may consist merely of a short haul to the water-front by truck, and 

this would also hold for the third movement when the point of delivery is in the immediate 

vicinity of the port of destination. 

In addition to the foregoing three major transportation movements, each shipment also 

requires at least two transfers, which for outgoing traffic are as follows: 

First Transfer: From land carrier to water carrier at the port of departure, between the 

first and second stages of the journey. 

Second Transfer: From water carrier to land carrier, at the port of destination, between 

the second and third stages of the journey. 

In export business, the second transfer and the third transportation movement are, of 

course, not under the jurisdiction of the country making the shipment. For incoming busi- 

ness the foregoing description applies also, except for changes in numbering the movements 

and transfers, etc., due to reversing the direction of traffic. 

The end of any transportation line is its terminus, while a terminal has been defined as 

the end of any transportation movement. For freight, a terminal means any point where de- 

livery is made to the consignee or where transfer is effected to another carrier for another 

stage of a journey. Terminals take their names from the character of service and from the 
carrier. For example, there are freight terminals and passenger terminals; also railroad ter- 

minals, canal terminals, steamship terminals, water terminals, and marine terminals. In 

its usual meaning a port terminal, or marine terminal, is a water terminal that is located at 

a seaport. The word “port” is variously employed. It is commonly used interchangeably 

with “harbor,” meaning a protected body of water, natural or artificial, that is suitable for 

use by vessels as a haven of refuge from the elements. In law, a port indicates a gateway _ 
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where persons and merchandise are allowed to pass in and out of a country, and where cus- 

toms officers are stationed. In this sense it is termed a port of entry, and such a port can be 

inland. In commerce, the word “port” is used to designate a harbor where vessels are 

loaded and discharged, and this is the meaning intended in connection with any discussion 

of ports and port facilities. A simple definition would therefore be that a port is a harbor 

provided with terminal and transfer facilities that enable it to be used in commerce. In this 

sense, there can be harbors without ports; but there cannot be ports without harbors. 

Leading writers on ports have recently proposed a more specific and restricted meaning 

in discussions pertaining to port administration, viz., that for each port the established pier- 

head lines shall form the boundary between the harbor and the port—the channels, anchor- 

age ground, and everything else outside of the pierhead lines being the harbor, and every- 

thing inside of the pierhead lines being the port, including piers, slips, wharves, railroad 

tracks and yards, warehouses, and all other plant and equipment, such as tugs, lighters, float- 

ing cranes, fueling facilities, ship-repair plants, drydocks, and marine railways, that are 

necessary to transfer passengers, merchandise, and goods between land and ocean carriers and 

from one ocean carrier to another, and to maintain and repair vessels. Facilities for sal- 

vaging vessels have also become a necessary and important part of the equipment located at 

some of the larger ports. While this plan has not yet received official recognition as demark- 

ing ports and harbors, and while it may be contrary to the preferred usage at some ports, it 

would seem to be logical inasmuch as this boundary line also divides the area under the 

jurisdiction of the Federal Government (the harbor) from that which comes under state and 

municipal authorities (the port). 

From the standpoint of commerce, therefore, a port is merely a connecting link between 

two major transportation movements, where transfers of passengers and freight between 

land and ocean carriers are effected; and port terminal facilities—or, more simply, port facili- 

ties—comprise all those physical elements with which a port is equipped for the convenient 

transfer of passengers and freight between carriers, for the storage of freight and for the 

maintenance and repair of merchant vessels. 

Ports have been likened to a funnel through which flows the sea-borne commerce of a 

country; also to a reservoir that should have storage capacity sufficient to accommodate 

itself at all times to the variations in the volume and speed of traffic of connecting carriers. 

Ports should perform functions similar to those of the flywheel of an engine, in regulating 

the mighty commerce that passes through them so as to secure the most regular and uniform 

movement of traffic and the maximum efficiency of operation of connecting carriers. 

It is an accepted traffic law, advanced by the late James J. Hill, that the volume of traffic 

a line can carry cannot exceed the capacity of its terminals. Dr. R. S. MacElwee, in his well- 

known work on “Ports and Terminals,” says that the conclusion to be drawn from this law 

is that the commerce that flows through our ports is limited by the capacity of the terminal 

facilities of our ports, and that “the commerce of the United States overseas is therefore ham- 

pered or limited by the lack of development of the terminal facilities of our American sea- 

ports.” Anything that affects our commerce affects our merchant marine. Therefore, unless 

and until our ports and port facilities are further developed and put on a thoroughly efficient 

operating basis, the growth of our merchant marine will be much retarded and the difficul- 

ties connected with its successful establishment and operation will be immeasurably increased. 

On the land side of any of our ports, the capacity of the combined carriers—principally 

railroads—is generally much in excess of that of the connecting ocean carriers that ordi- 

narily frequent that port. This is a condition incidental to the advanced development of our 
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railroad transportation system and is accompanied by ability on the part of land carriers 

to increase greatly and almost instantly the normal volume of traffic. Therefore, if the ter- 

minal facilities at any port are well proportioned and arranged, with a capacity equal to the 

normal requirements of the ocean carriers that ordinarily use that port, satisfactory results 

from the standpoint of port operation should be secured. The allocation, however, of ves- 

sels from one port to another can be changed practically overnight, and so, if a large addi- 

tional number of vessels should be suddenly sent to a port, congestion of port facilities and 

delays to traffic will immediately occur, due to the inherent fact that ports, like all other 

terminals, are not able to accommodate themselves to great fluctuations in the volume of 

traffic as well as, and as quickly as, their connecting land and water transportation lines. 

Under such circumstances, any port not provided with a liberal excess over normal require- 

ments of berthing space alongside suitably equipped wharves or piers, and of tracks and rail- 

road yards, together with other necessary facilities in proportion, will immediately become 

the “neck of the bottle” under an increasing volume of traffic; and the particular transporta- 

tion movement of which that port is a link will be slowed down, causing increased cost of 

operation to all carriers connecting at that port, and delays to shippers—all of which would 

be to the detriment of our merchant marine and our sea-borne commerce, including both 
foreign and coastwise domestic commerce. Increasing port facilities cannot be accomplished 

overnight and is an operation that requires time. The construction of permanent wharves, 

piers and accessories for a project of even moderate size may require several years, and the 

furnishing of even temporary wooden piers requires months. The undivided use of and 

free access to the site of any new works during construction is always essential. 

Delays in port mean lessened revenues and increased expense to ocean carriers. The 

increased cost due to unusual delays—which may in general vary from $1,000 to $5,000 

per day per vessel—cannot be passed on to shippers, and has to be borne by the steamship 

companies themselves. If such unusual delays at any port happen for a number of successive 

voyages, and the steamship companies attempt to recoup themselves by increasing rates, it 

usually happens that either the traffic diminishes so that the net returns are not increased, or 

the traffic becomes diverted to other routes, to the detriment of the steamship companies 

concerned. 

We recently had an example of how our principal eastern ports, and the port facilities 

thereat, functioned under the rising tide of wartime traffic, and no one connected with trans- 

portation during that period will readily forget the far-reaching consequences of the con- 

gestion at those ports, a condition that at times seemed liable to break down the greater 

part of our transportation system east of the Mississippi River. It is to be hoped that such 

an “accelerated” test of our ports will never come again. If it does, however, our ports and 

port facilities must be found to be in a condition that will enable them better to stand the 

strain. Such a test always accentuates defects, and if we take advantage of the opportunity 

that is now offered to improve our port system and eliminate the defects that we are now 

aware of, the lesson will have been well worth while. Aside from the matter of inadequate 

capacity and equipment, our ports and port facilities proved unsatisfactory during the war in 

methods and cost of operation, and in organization and control. Of course these defects 

have always existed, but they had not been brought home to us quite so sharply, and we 

perhaps had failed to realize how much they mean during peace in reducing our foreign 

and coastwise domestic commerce and in retarding the establishment on a sound business 
basis of our merchant marine; for practically every dollar of the cost of operating our port 

facilities in connection with our sea-borne commerce is ultimately paid by the consumer. 
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Therefore, the higher the price of our products abroad the more easily will foreign competi- 

tors undersell the American producer and manufacturer and reduce our export business; and 

similarly, the higher the price of imported merchandise the less will be the demand at home, 

which will result in fewer return cargoes for American vessels as well as smaller cus- 

toms revenues. 

As for our coastwise domestic commerce, the higher the cost of the operation of port 

facilities the more closely will the cost of water transportation approach the cost of trans- 

portation by land, and the greater will be the volume of traffic diverted from steamships to 

railroads. Any lessening of sea-borne traffic from the foregoing causes will thus lessen the 

tonnage of American merchant vessels that can be profitably employed. 

On August 1, 1921, our merchant marine consisted of the following documented sea- 

going vessels of 500 gross tons and over: 

Engaged in Number Gross tonnage 

Foreign commerce ...................- 2,518 10,567,909 

Coastwise commerce ............+++-+-- 1,216 2,767,163 

Mo tala ie eed Be eat ik ay eee 3,734 13,335,072 

In addition to the above there were 35 vessels of 500 gross tons and over, having a total gross 
tonnage of 266,125, adapted for merchant service, that have been transferred to the War 

and Navy Departments since April 6, 1917, and not yet reconveyed and documented. In- 

cluded in the 3,734 vessels were 836 sailing vessels (or 22 per cent) having a gross tonnage 

of 1,021,287, and 1,172 wooden vessels (or 31 per cent) having a gross tonnage of 1,790,897. 

On August 1, 1921, our seagoing merchant vessels of 500 gross tons and over were 

owned as follows: 

Ownership Number Per cent Gross tonnage Per cent 

Government (U.S.S.B.) ..... 1,804 48 8,048,759 60 

Privaterciveus alls esletanctetaregse 1,930 52 5,286,313 40 

Dotal cise emin aces 3,734 100 13,335,072 100 

The vessels now owned by the U. S. Shipping Board, as listed above, have been acquired as 

follows: 
Number Per cent Gross tonnage Per cent 

Burchased ry seas crn cela 21 1 105,593 1 

Seized (German and Austrian) 50 3 338,556 4 

RequisitionedWssus ae) 4ect = 252 14 1,133,587 14 
Built by contract ............ 1,481 82 6,471,023 al 

MOtal pes aa eevee |S 1,804 100 8,048,759 100 

The following tonnage of documented U. S. Shipping Board vessels is not included in the 

immediately preceding table: 
Number Gross tonnage 

Wesselswlost; acres koe Ware aaagrete a ae rege ciara ee 80 269,236 

Wessels. sold! ‘toaliensi Aemcniceie on caeiecicre isha cena oman 33 85,702 

Vessels‘ sold! to, citizensi) aeted seem yee sciies wel Stee 158 622,898 

Total csc dieccie yin eee Lae Bien aes setae Wiley fole. seeyoe 271 977,836 
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On July 1, 1917, shortly after we entered the World War, our merchant marine consisted of 

the following documented vessels of 500 gross tons and over, engaged in foreign and coast- 

wise commerce: 

Ownership Number Per cent Gross tonnage Per cent 

Government (UiS:5.Bs)nn. 1c. 19 1 76,160 2 

ETIVALO™.* . "oy ciontaterat Mitel satan ae 1552 99 3,564,160 98 

otal; : ess vareyene tess 5a 100 3,640,320 100 

In a period of four years and one month, therefore, the net increase in our sea-going 
merchant vessels has been as follows: 2,163 vessels, which equals 138 per cent, or an aver- 

age increase of approximately 10 vessels per week. The increase in gross tonnage has been 

9,694,752, or 266 per cent, an average increase of approximately 45,600 tons per week. 

This gives some idea of the rapid increase in the size of our fleet and of the increased de- 
mands that have been made upon our ports and port facilities within that period. The large 

increase during that period in our sea-borne foreign commerce is shown by the following 

table, together with the percentage of this commerce carried in American vessels: 

Per cent 
Total exports carried in 

For year ended and imports American vessels 

ities ORM UIT N ER Ces Et MN i $7,819,495,133 18.6 

June 30; 1018s eink... Deve UN aA ae 7,703,700,456 21.9 
December MIG eee sa | 10,503 ,658,855, 36.4 

WeEcemberrste MOA OMe Athoneteiis nonce dsleiele ease 11,983,164,252 43.0 

Due in part to governmental control over ship construction during the war, the increase 

in our privately owned merchant marine during the past four years has not been large, for 

if the Shipping Board vessels sold to citizens are excluded there has been a net increase from 

July 1, 1917, to August 1, 1921, of only 220 vessels, or 14 per cent. The increase in gross 

tonnage was 1,099,255, or 30 per cent. This shows that the real problem today in connec- 

tion with our merchant marine is to transfer from government ownership to successful oper- 

ation under private ownership the large tonnage we have built since 1917; for the sudden 

injection into the world’s foreign commerce of such a large amount of new tonnage cannot 

be accomplished without jarring the commercial fabric of the whole world, as foreign ves- 

sels cannot be expected to relinquish their business without a vigorous struggle. Similarly, 

any sudden great increase in the tonnage of our merchant marine that is engaged in coast- 

wise domestic commerce cannot but cause an appreciable and perhaps serious loss in the 

revenues of our railroads. This is not stated as a reason for not proceeding with our plans 

for a large merchant marine as quickly as possible, but only in order to point out that the 

shorter the time allowed for the establishment of our merchant marine the greater will be the 

difficulties to be overcome, and the greater will be the dislocation caused existing world trade, 

as well as that of our own railroads. The adoption of a time factor in executing any na- 
tional policy of this kind, therefore, becomes a matter of great importance to the success of 
the undertaking. 

The Merchant Marine Act of 1920 declares “that it is necessary for the national de- 

fense and for the proper growth of its foreign and domestic commerce that the United 

States shall have a merchant marine of the best-equipped and most suitable types of vessels 

sufficient to carry the greater part of its commerce.” This may be taken to establish defi- 
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nitely as a national policy what has generally been accepted for some time past, viz., that 

not less than 50 per cent of the sea-borne foreign commerce of this country should be carried 

in American bottoms. Inasmuch as our coastwise commerce is protected against foreign 

competition, it should be excluded, of course, from any calculations determining the 50 per 

cent limit. This percentage has not been reached since the Civil War, and from that time 

to 1901 there was a gradual decline to 8.2 per cent. For the following ten years the per- 

centage was nearly stationary. Since 1911 there has been a gradual and encouraging in- 

crease from 9.7 per cent to the figures in the above table. It should be fully appreciated by 

all that, unless we can reach and maintain permanently the 50 per cent standard, it will be 

a confession that we are unable to put into effect an announced national policy. 

The Merchant Marine Act of 1920 also announces that “it is hereby declared to be the 

policy of the United States to do whatever may be necessary to develop and encourage the 

maintenance of such a merchant marine,” and recognizes the important part that ports and 

port facilities play in such matters by stating that it shall be the duty of the Shipping Board, 

in cooperation with the Secretary of War, with the object of promoting, encouraging and 

developing ports and transportation facilities in connection with water commerce over which 

it has jurisdiction, to investigate territory, regions and zones tributary to such ports; to inves- 

tigate the causes of the congestion of commerce at ports and the remedies applicable thereto; 

to investigate the subject of water terminals with a view to devising the types most appro- 

priate for the most expeditious and economical transfer of passengers and freight between 

water and land carriers; to investigate the practicability of port improvements in connection 

with foreign and coastwise trade; and to investigate any other matter that may tend to pro- 

mote and encourage the use by vessels of ports adequate to care for the freight which 

would naturally pass through such ports. The Federal Government exercises its supervision 

over our ports under the constitutional power to regulate foreign and interstate commerce, 

which gives it control of all navigable waters within its boundaries. The enforcement of 

laws relative to the use of our waterways is vested in the Secretary of War, under whom 

the Chief of Engineers directs all works undertaken for their improvement. Since the first 

appropriation was made by Congress for this purpose in 1802, for public piers costing 

$30,000 in Philadelphia, government assistance for the improvement and maintenance of 

rivers and harbors has totaled a billion dollars, and these appropriations have naturally 

greatly increased the influence of the National Government in port affairs. Comparatively 

recently, Congress has seen fit in several instances to require localities asking government 

assistance for the improvement of their harbor or other waterway either to pay a portion 

of the cost or to increase the commercial usefulness of the improvement by providing ter- 

minal facilities for public use at their own expense, and the River and Harbor Act, ap- 

proved March 2, 1919, contained the following provision that formally adopted the latter 

procedure as a permanent policy: 

“Tt is hereby declared to be the policy of the Congress that water terminals are essen- 

tial to all cities and towns located upon harbors or navigable waterways and that at least 

one public terminal should exist, constructed, owned and regulated by the municipality, 

or other public agency of the state and open to the use of all on equal terms, and with 

the view of carrying out this policy to the fullest possible extent the Secretary of War is 

hereby vested with the discretion to withhold, unless the public interests would seriously 

suffer by delay, monies appropriated in this act for new projects adopted herein, or for 

the further improvement of existing projects, if, in his opinion, no water terminals exist 
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adequate for the traffic and open to all on equal terms, or unless satisfactory assurances 
aré received that local or other interests will provide such adequate terminal or terminals. 
The Secretary of War, through the Chief of Engineers, shall give full publicity, as far 
as may be practicable, to this provision.” 

At one of the meetings on national port problems held by the American Society of 
Civil Engineers in New York, in September, 1921, Maj. Gen. Lansing H. Beach, Chief of 
Engineers, in the course of an address on “Terminals” said that the power given by this 
Act to suspend work on current projects has not as yet been exercised, for it has been 
found that interests favoring the growth of some ports have endeavored to have the law used 
to further their own ends, by causing the suspension of the improvement of rival ports. 
This Act of Congress establishes the important principle that the improvement of ports at 
public cost may be expected hereafter to be largely confined to those ports that conform to 
established national policies pertaining thereto. i 

Congress reaffirmed its general interest in promoting all kinds of water transportation 
as an important factor in commerce by stating in the Esch-Cummins Railroad Bill that “it 
is hereby declared to be the policy of Congress to promote, encourage, and develop water 
transportation, service and facilities in connection with the commerce of the United States.” 

In any comparison or classification of our ports, the question arises at the outset : What 
yard-stick shall be used? Is the importance of a port to be gauged by the volume of foreign 
commerce only that passes through it, or by its combined foreign and coastwise domestic 
commerce; and shall the volume be measured by its value in dollars, by its weight in tons, 
or by the tonnage of the vessels that use it? Or shall ports be arranged in the order of their 
capacity as determined from the size and character of their facilities—that is, by their po- 
tential ability to handle business? Also, should not great weight be given in any classifica- 
tion to such vital matters as speed and economy of port operation, to port organization, and 
especially to the degree of conformance to national policies regarding public terminals, and 
assistance rendered in promoting our merchant marine? It would seem that mere size or 
volume of business should not be the controlling criteria, but that the true measure of a 

port should be the extent to which it is useful in promoting both commerce and the merchant 
marine of our country. 

The Chief of Engineers publishes as part of his annual report the most complete com- 
mercial statistics of our ports that are available. These are compiled by the Board of En- 
gineers on Rivers and Harbors. They include the tonnage and value of the commerce of 

each port that is under improvement by the United States, and show, for the calendar year 
1919, that the foreign and coastwise commerce of twenty-seven of our continental ports ex- 
ceeded either one million tons in weight, or one hundred million dollars in value, or both. 

These limits are entirely arbitrary. Sixteen of these ports are on the Atlantic Coast, six on 

the Gulf of Mexico, and five on the Pacific Coast. The business of several additional ports 

approached these limits. These figures indicate that at the present time we have in the 

neighborhood of thirty important seaports, actively competing with each other for business. 

There is a considerable number of additional potential ports, standing by, as it were, anxious 

to be given an opportunity to show their value as links in our overseas trade. Approxi- 

mately 75 per cent of our sea-borne commerce passes through a dozen of our ports. New 

York stands pre-eminent in both foreign and coastwise domestic commerce, and is followed, at 
some distance, by Philadelphia, New Orleans, and Norfolk. 
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With the existing fierce competition between ports, both for business and for appropri- 

ations from the national treasury for the further improvement thereof, it would seem to be 

proper and consistent that Congress should now give definite notice that hereafter preference 

will be given in making any appropriations for harbor improvements to those ports that show 

themselves most interested and most successful in carrying out our national policy that the 

greater part of our foreign commerce—4. ¢., both freight and passenger business—shall be 

carried in American vessels. Compliance with any such policy by a port, or the giving of 

satisfactory guarantees to fulfil any condition like this, could be best undertaken by an or- 

ganized and unified port authority, and the matter of efficient organization is perhaps our 

ports’ greatest need today. Such a measure as the foregoing would therefore have the addi- 

tional advantage of accelerating steps to secure the best type of port organization, an out- 

come that would result in untold advantage to our merchant marine. It would seem advan- 

tageous that for this purpose the percentage should be measured by comparing the gross 

tonnage of vessels rather than the tons or value of freight or the number of passengers 

carried, as the former basis is more closely identified with the operation of our merchant 

marine since it would include allowance for both passengers and freight, and as any change 

in the number of vessels—and accordingly tonnage—would be more easily subject to the 

control of the port interests. 

Such an act of Congress, based on the hereinbefore quoted law of March 2, 1919, rela- 

tive to water terminals, reiterating the policy that the greater part of our foreign commerce 

should be carried by American vessels, and vesting the Secretary of War with discretion to 

delay or suspend expenditures for the improvement of any port unless at least 50 per cent 

of the gross tonnage of vessels engaged in foreign commerce entering and clearing from that 

port is American tonnage, or until satisfactory assurances are received that that percentage 

will be secured within a reasonable time and will be thereafter maintained, would instantly 

broaden competition between our ports beyond the present mere unorganized scramble for 

business on the part of individual carriers and other interests, and would initiate a competi- 

tion that would bring concrete results in promoting steps to obtain a unified port authority 

and in assisting our merchant marine to get much needed cargo, as well as passenger busi- 

ness, that at present is going to foreign vessels. 

Should Congress, in pursuance “‘of the policy of the United States to do whatever may 

be necessary to develop and encourage the maintenance of such a merchant marine,” also di- 

rect the Interstate Commerce Commission to exercise its rate-making power so as to give due 

preference and assistance to those ports where at least 50 per cent of the gross tonnage of 

vessels engaged in foreign commerce, using that port, is American tonnage, the effect would 

be striking in enabling our merchant vessels to cope more successfully with foreign compe- 

tition. Should any expenditure, also, of public funds for the overseas transportation of 

government freight and passengers other than by American vessels be prohibited by Con- 

gress, unless no suitable American vessels are available, it would especially assist our strug- 

gling transatlantic passenger lines that are greatly handicapped by the superior attractions 

offered at the present time by foreign steamships. 

If government statistics on commerce and shipping should regularly include a table list- 

ing our ports in order by the percentage of the gross tonnage of American vessels engaged 

in foreign commerce to the total tonnage of vessels engaged in foreign commerce that 

enter and clear from each port; by giving same proper publicity, the wheels would au- 

tomatically be set in motion in each port that falls below the 50 per cent standard, 
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actuated not only by patriotism, but also by local esprit, to remove such port, through 

the united effort of all of its interests, from the undesirable “less than 50 per cent” 

class. At present, while we are all in sympathy with, and even enthusiastic over the idea 

of having a merchant marine that will carry the greater part of our foreign commerce, very 

few of us are taking any steps to accomplish that end, and it is doubtful whether the com- 

mercial interests at any individual port or any persons residing thereat, at present know or 

care particularly what proportion of that port’s foreign commerce is being carried in Ameri- 

can bottoms; and if our national policy in this matter is to succeed, the responsibility for 

making it a success must be shared in an important degree by each one of our ports, and 

they must each be made to feel the necessity of doing their part. The feeling of indiffer- 

ence at our ports that permits, without restraint by effective competition, foreign lines to run 

to and fro between the United States and countries other than the country whose flag the 
foreign steamship line flies, should be made to disappear through the increased activities of 

the port authorities, backed by an aroused public sentiment, at each port where that condi- 

tion exists; and the feeling of satisfaction and even complacency over the establishment of 

new steamship lines that call at our ports, regardless of their nationality, should continue 

only in those cases where new lines fly the American flag. 
Similarly, each port must cultivate closer relations with the shippers that use it, with the 

view of arousing their interest and securing their assistance in matters pertaining not only to 

the port but also to our merchant marine. Each port should determine from careful inves- 
tigation the boundaries of the hinterland from which its business is derived, and a feeling 

should be inculcated in all communities in that region of their responsibility for the welfare 

of their port and of our merchant marine. 

It would seem appropriate also that the Government should give each year, through the 

U. S. Shipping Board or other agency, fitting recognition to the port that attains during the 

year the highest percentage as regards gross tonnage of American vessels engaged in foreign 

commerce, using that port, compared with the total tonnage of both American and foreign 

vessels that used it. Such recognition might appropriately take the form of the presenta- 

tion, with proper ceremonies, of a suitably inscribed certificate, describing and extolling the 

port’s accomplishments; and if the President should see fit to be present to make the presen- 

tation on behalf of the nation on the first of these occasions, and to inspect the port with 

members of his Cabinet, it would focus the attention of the entire country on the importance 

of rendering assistance to our merchant marine in every way as a patriotic duty and would 

spur the efforts of other ports to make the highest percentage the following year. 
The fact that much more than half of our government-owned merchant marine is un- 

employed at the present time is a reason strong enough to justify almost any step under- 

taken for its relief. Our important ports are not only the gateways of our sea-borne com- 

-merce but are also populous cities, having many interests other than those intimately con- 

nected with overseas commerce, and in some cases there is serious conflict between the muni- 

cipal interests and those of the port as an outlet for our foreign commerce. The interests of 

the port, being those of the territory that uses it and partaking of a national character, are 

of greater importance than and should have preference over the interests of the munici- 

pality; but this is not likely always to be the case if the municipality owns or controls the 

port facilities, as it does at many of our ports. These municipal interests, including the 

furnishing of food supplies, materials and goods required for the support of its population 
and its industrial establishments, may be termed the local or industrial interests as distin- 
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guished from the commercial interests of a port; and a large number of our ports are suf- 

fering from the encroachment of industrial interests. 

The following may be given as some of the important characteristics that our ports and 

port facilities should possess from the standpoint of the interests of our merchant marine 

and our commerce: 

1. The use of deep-water frontage should be restricted to the commercial business of 

the port. 
2. At least half of the deep-water frontage should be publicly owned or controlled. 

3. Berthing, handling, transferring, switching, and storage facilities should be conve- 

nient, efficient and economical; they should be ample to carry any probable peak load. 

4. There should be complete flexibility of movement between any and all water carriers 

and any and all land carriers, and vice versa, as well as from any water carrier to another, in 

order that the movement of commerce through the port may be as free as possible and may 

be accomplished in a minimum time and at minimum cost. 

5. The port charges should be reasonable; should be as similar as practicable, both in 

manner assessed and in amount, for all of our ports; and should be based upon actual cost 

of the service performed, including interest on investment and overhead. For ports under 

unified public control, the charges should be without profit. 

6. All the facilities of the port should be under one control, which preferably should be 

independent of the local government. The port authority should be animated solely by the 

aim to conduct the port business as an efficient link in our sea-borne commerce and in thor- 

ough sympathy with our national policies for a merchant marine. 

With our interests centered upon our domestic affairs and internal development during 

the latter half of the last century, our ports and our merchant marine were neglected, and 

our port facilities, like Topsy, “just growed.’ In the absence of public interest and appre- 

ciation of the important function of ports in national commerce, there were no general plans 

for port development and management, and for financing the cost of port facilities. As a 

result, the affairs of each port were handled as a local problem with little or no attempt at 

coordination between ports, and with little or no thought given to the development of our 

port system in accordance with broad economic principles. This led in many cases to the 
local municipality, and in other cases to private interests, assuming responsibility for furnish- 

ing necessary piers and wharves, and taking control of the water frontage and improve- 

ments. The railroads were quick to grasp the opportunity afforded to attract to themselves 

sea-borne commerce by constructing and operating marine terminals at their own expense. 

Usually each so-called railroad port was dominated by a single railroad. Where more than 

one railroad constructed a water terminal at a port, these terminals were operated as inde- 

pendent and separate facilities, with little or no interchange of freight, thus affecting the 

movement of commerce and dividing the port, to all intents and purposes, into as many sepa- 

rate ports within a port as there were railroad terminals. 

Due to the same lack of foresight and any general conservation of that must valuable port 

asset, deep-water frontage, cities have been permitted to encroach on the water front of most 

of our ports; industrial establishments that could have been satisfactorily located inshore have 

appropriated for their own use much valuable deep-water frontage; and no attempts have been 

made to restrict the growth of the city upon land now found to be required for port facilities 

and port operations. As a result, we are now paying the penalty through the difficulty ex- 

perienced in increasing our port facilities, in the increased cost thereof, and in carrying on 

port business in an economical manner. 
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Our awakening to a realization of this situation has come within the last fifteen years. 

It began during the construction of the Panama Canal. The desire to be prepared to take 

advantage of the opportunities that were expected to accompany its completion was respon- 

sible for arousing many of our ports and commercial bodies to action. A report on Trans- 

portation by Water, made in 1910 by the Bureau of Corporations, first opened our eyes to 

some of our port deficiencies, including the lack of public ownership of water frontage at the 

great majority of ports in this country. This condition has since greatly changed for the 

better. This growing interest also resulted in the organization of the American Association 

of Port Authorities, which, with its large membership and through its annual meetings and 

the publication of papers on port matters, hasbeen a powerful factor in securing the improve- 

ment of our ports and an understanding of our necessities. This was followed, in 1916, by a 

very complete and comprehensive report by Grosvenor M. Jones on “Ports of the United 
States,” including terminal facilities, commerce, port charges and administration at sixty- 

eight selected ports, which was published by the Department of Commerce. 

With the establishment of the U. S. Shipping Board, the importance of ports and port 

facilities to the development of our merchant marine was recognized by the organization, in 

May, 1918, of a Port Facilities Commission, that was authorized to make a survey of the 

ports of the United States and undertake investigations that would enable the Shipping Board 
to make the best use of existing port facilities and would further the construction of new 

facilities. The survey made by this commission showed that the ship-repair and docking 

facilities of our ports were inadequate, and steps were immediately undertaken to supply the 

deficiency. The commission made a study of handling appliances, transit sheds and ware- 

houses, and of a zoning system under which exports and imports would flow through those 
ports within economical transportation distance of the points of origin and destination. For,. 
as stated by J. R. Bibbins, in his report on port facilities, presented at the First Congress of 
the International Chamber of Commerce, held in London, June, 1921 : “The elements of time 
and cost ultimately control most competitive movements of international commerce, and inter- 
nal transportation exercises a relatively controlling influence not only upon shipping capacity 
and allocation, but upon port development and the trans-shipment facilities there required.” 
It is largely for this reason that, aside from the matter of sufficient depth, ships themselves 
do not determine the character of a port, and that the railroads have played such an impor- 
tant part in the past history of most of our ports. Among the other investigations under- 
taken by the Port Facilities Commission was one to determine economies effected by the 
more rapid turn-around of vessels in United States ports, and the result of this investigation 
clearly indicated the considerable savings that would accrue to our steamship lines through 
quicker turn-arounds, made possible by increased efficiency of port operation. 

When the Merchant Marine Act went into effect in 1920, in order to carry out that por- 
tion of the law enjoining the U. S. Shipping Board to cooperate with the Secretary of War, 
with the object of promoting, encouraging, and developing ports and transportation facilities 

in connection with water commerce, arrangements were made between the Shipping Board 

and the War Department whereby the work of that character that had previously been per- 

formed for the Shipping Board by the Port Facilities Commission should be transferred and 

thereafter performed under the Chief of Engineers by the Board of Engineers for Rivers and 

Harbors, and that Capt. F. T. Chambers (C.E.C.), U.S.N., Chief Engineer of the Port Facil- 

ities Commission, would continue his work in an advisory capacity under the Shipping Board 

and should also serve as consulting engineer in connection with port facilities with the Board 
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of Engineers on Rivers and Harbors. This board has performed valuable work already, and 

its program includes the preparation and publication of reports in separate pamphlets upon 

the facilities of each of the important ports of the United States. These pamphlets will con- 

tain all information needed by vessels and will enable the charges of different ports to be com- 

pared. The board has reported that its investigations “show that the terminal charges and 

practices at railroad terminals at South Atlantic and Gulf ports have exercised an injurious 

effect upon the commerce of the United States, by rendering it impracticable for private and 

municipal terminals to handle through business, thereby restricting port growth and develop- 

ment.” In reporting these matters to the Interstate Commerce Commission, the Secretary of 

War, in March, 1921, endorsed the significant statement of the Chief of Engineers that the 

success of our merchant marine depends largely on the economical operation of our ports. 

In accordance with the River and Harbor Act of July 18, 1918, the Board of Engineers 

for Rivers and Harbors has prepared for the Chief of Engineers a very comprehensive and 

valuable report upon water terminal and transfer facilities of the United States. This report 

will include, when printed, a separate pamphlet with numerous illustrations, giving descrip- 

tions and general plans of terminals and appropriate types of construction for harbors and 

waterways of the United States, suitable for various commercial purposes and adapted to the 

varying conditions of tides, floods, and other physical characteristics. - 

An important contribution to our port facilities was made by the War Department dur- 

ing the war, through the construction of extensive terminals costing over $150,000,000, at 

Boston, South Brooklyn, Port Newark, Philadelphia, Norfolk, Charleston, New Orleans, Ho- 

boken, and San Francisco, many of which are now available for commercial use. 

The importance of public terminals and the public control of water frontage at each port 

cannot be overestimated. The day has passed when control of water terminals by railroads 

is advantageous or necessary. As shown by C. O. Ruggles in his report on “Terminal Charges 

at United States Ports,’’ made to the U. S. Shipping Board in 1919, railroad control of 

water terminals has several important disadvantages. Government control over railroad 

rates has increased railroad competition in terminals and terminal construction, resulting in 

duplication of expensive terminals by the railroads operated independently, and causing un- 

necessary plant expenditures. Competition of this character in our ports has also resulted in 

the railroads offering gratuitous service at terminals in order to obtain additional freight. 

When charges are made by the railroads for dockage and wharfage, they are usually merely 

nominal. The investigation of the Board of Engineers for Rivers and Harbors of our South 

Atlantic and Gulf ports showed that the terminal charges at those ports averaged only from 

one-fourth to one-half the actual cost of same to the railroads. While the railroads may jus- 

tify this practice to themselves from their methods of accounting, there is no question but that 

the practical effect of this procedure is detrimental to the growth of our ports and to our mer- 

chant marine, for terminals at those ports, constructed by either private capital or from public 

funds, cannot operate profitably in competition with railroad terminals that furnish free or 

practically free dockage to vessels and free wharfage to cargo. Many specific examples could 

be cited in support of this statement. The third unsatisfactory result of railroad ownership of 

water terminals is lack of coordination. Railroad tariffs applying to terminals commonly 

specify that the railroad does not obligate itself to provide wharfage, storage or 

handling for freight which is not to be transported over its lines. This restriction is undoubt- 

edly due to the fact that railroad competition in terminals has made the terminal charges 

such that a railroad cannot afford to permit the practically free use of its terminal facilities 
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by any freight from which the railroad cannot earn, through a line haul, enough to reimburse 
it for the cost of terminal operation. 

The most important matter confronting our ports, and on which the welfare of our port 

facilities and our merchant marine depends in large degree, is the type of administration that 

shall exercise control over our ports. Of course, for our smaller ports and for those ports 

where the commerce is confined to a few commodities shipped in bulk, and where port facil- 

ities have been amply provided by railroads or by other private interests, the need today for 

a special administrative organization to exercise supervision over the affairs of such a port 

is not especially important. No one can say, however, whether these smaller ports in time will 

not become important ports with diverse interests, and from this viewpoint, even these smaller 

ports should be so administered that their growth will be along correct lines. The principal 

types of port administration or control are as follows: 
1. Municipal department control. 

2. Harbor board control, either municipal or state. 

3. Independent or public control. 

The most common type of control of our ports is the municipal department control, in 

which the port comes under a department of the city government, such as the Department of 

Public Works. At New York and Philadelphia the interests of the port are so large that 

there is a separate Department of Wharves and Docks. This type of port control is best 

adapted for small ports and places the entire control of port development and operation under 

the municipal authorities; in some cases it is operated as a revenue-producing department. 

New York City is often cited in this connection, because the revenue that New York City 

derives annually from the rental of its piers runs into the millions. 

New York has been thoroughly aware of the serious situation confronting it through the 

increase in its terminal costs, due not only to the tremendous volume of its overseas com- 

merce but also to the great concentration of population and industrial establishments which 

have congested the space required for port operations; and as a consequence the flow of com- 

merce has been becoming more irregular, terminal costs have risen, and the situation has be- 

come more unsatisfactory from year to year. As an outcome of the appointment, in 1917, of 

the New York-New Jersey Port and Harbor Development Commission, by the concurrent 

action of the legislatures of New York and New Jersey, a report was submitted in 1920 by 

this commission, from which much is expected. In the opinion of the commission the vital 

matter lacking in New York is port organization, and in a progress report in 1919 the com- 

mission recommended the creation of a port authority with adequate powers to carry out a 
comprehensive plan, when adopted by the legislatures of the two states. Agreement has finally 

been reached upon a grant of power to the “New York Port Authority,” which provides an 
agency to proceed with the work, at the same time leaving the local authorities with large 

freedom. This agreement has been ratified by both states and by Congress. The commis- 

sion was very urgent in stating that the creation of a port authority with powers to go for- 

ward is absolutely necessary. 

The method of municipal department control may be discarded from consideration as an 

approved permanent type of port administration. From this type of control was evolved 

the harbor board or commission type. In some cases these harbor boards are creations 

of the municipality; in others, of the state. Some of our leading ports have the mu- 

nicipal or state harbor board type of administration. Of the two, the latter is preferable; 

and three of our largest ports—viz., Boston, New Orleans, and San Francisco—have this 
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type of port government; and New Orleans and San Francisco are being pointed out as 

the most efficiently operated ports in the United States. In either of these commission 

forms of port government, however, the members of the commission often serve without 

compensation, and in some cases act in an advisory capacity only. In some cases the control 

exercised by the commission is limited to the city boundaries, while in other cases it extends 

some distance beyond. In both San Francisco and New Orleans the harbor boards own prac- 

tically all of the water frontage under their jurisdiction. They have the right to take over 

water frontage by condemnation or by use. The revenues are required to pay the cost of 

improvements and operating expenses. At San Francisco the harbor board has control of 

all port facilities, including the harbor belt-line railroad. 

The ideal type of port government is the so-called independent port authority type, 

which is comparatively new in this country, though it has been adopted with great success 

in Great Britain, where the right to construct or control ports is vested in the Crown, and 

where, by special acts of Parliament, public corporations or trusts are organized with boards 

of commissioners to manage them. All grants give the right to the public to use the port facil- 

ities and to the state to control them. Under this form of administration in the United States, 

a municipal corporation, entirely independent of the municipal government of the port city, 

is created by act of the legislature. This corporation is vested with large powers, including 

that of eminent domain and of raising money by the sale of bonds and by tax levies. This 

type of organization is ideal and, if generally adopted by our ports, would accomplish more 

than any other one thing for their betterment, and indirectly for the benefit of our merchant 

marine; and in selecting the membership for the governing board we might well follow the 

example of Liverpool, Manchester, London, and other great ports in Great Britain, and give 

representation thereon to all port interests, including steamships, labor, railroads, commer- 

cial bodies, financial interests, the local municipal government, etc. It would be a part of 

the business of each port under this type of organization to collect all port statistics in a uni- 

form manner, as required by the national government and other interests. The states of 

Washington and of Florida have enacted legislation which has resulted in port organizations 

of this general type at Seattle and Grays Harbor, Washington, and at Jacksonville and 

Tampa, Florida. With the best form of port control established, all other port problems 

may be considered as being solved through its agency, for any such port authority would 

have power to solve satisfactorily all such questions as ownership of water frontage, estab- 

lishment of public terminals, coordination of all port facilities into one homogeneous oper- 

ating organization, elimination of undesirable features, such as independent control of railroad 

terminals, elimination of profiteering, and the establishment of equitable port charges, as well 

as the progressive development of the port along sound economic principles and in accordance 

with the best engineering practice. 

While all port charges ultimately lodge against cargo, they may be divided into charges 

that are primarily borne by the water carrier, by the cargo, and by the land carrier. The 

percentage of expenses of a vessel while in port to the total expenses of a steamship company 

varies considerably with different lines and depends not only on the size, speed, and type of 

steamships, whether passenger or cargo, but also on length of voyage. The following are the 

actual percentages of expenses of different kinds of a steamship company running out of New 

York, doing passenger and freight business, for the past six fiscal years. The vessels of this 

line vary in gross tonnage from 2,500 to 9,300: 
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1916 1917 1918 1919 1920 1921 

BORE EDAT IOS: 3.5.5 :nid'e v aisle'e is) etme a3 be2 2.6 oA, 1.8 3.5 
Stevedoring and handling..... 25.0 24.2 17.4 19.1 18.7 14.2 
Rental of terminals ........-. P4¥s) 3.5 3.6 2.6 SP5) 39 

Repairs and depreciation...... 9.8 10.8 18.4 18.3 14.1 13.9 

Fuel, water and lubrication.... 11.5 12.0 14.3 13.9 11.3 14.8 

Feeding passengers and crew... 7.9 7.3 6.5 5.6 6.6 Hep 
Loss, damages and injuries..... 1.8 fasts 1.1 & iS) 3.5 
Equipment and stores ........ ao 4.7 4.8 4.2 5.2 3.5 
Wages, officers and crew...... 14.1 14.1 14.0 13.3 14.1 16.6 

Miscellaneous 2 oy\. 2 avee es oss fh 6 a) 15 re) 8 

Undistributed expense ....... 14.1 P5e2 1327, ey 16.2 14.6 
Administrative expense ....... 5.4 4.2 3.1 2.4 322 4.2 

Chartenuhines sereerh ieee we Sante ies 3.8 3.3 

Mo talll: «sweaters ol 100% 100%, 100% 100% 100%, 100% 

Tons of freight carried........ 577,686 546,660 630,055 1,103,587 634,256 408,060 

Number of vessels operated.... 8 13 11 28 20 10 

Number of trips (one way).... 135 141 177 22 170 147 

The above figures indicate that the percentage for each item of expense in general has varied 

between rather narrow limits. The unit costs, however, such as cost of stevedoring per ton 

of freight, average operating cost per steamer day, etc., have nearly doubled since 1916. 

In an article such as this, it would be impossible to give a detailed description of port 

facilities. It is sufficient to say that the principal port facilities include necessary piers and 

wharves equipped with transit sheds, overhead cranes, and other necessary handling devices. 

The distribution of freight to and from each wharf is attained by tying up the railroad ter- 

minal yards with each other and with the water front by the means of a so-called outer belt- 

line railroad. Communication between piers themselves should be attained by an inner belt 

line, which may be on land by railroad or on water by lighters, or by both. The port should 

be equipped with sufficient warehouse and storehouse facilities, for reservoir purposes, and to 

eliminate the uneconomical expedient of using freight cars as storehouses when they are 

required for their proper purpose, to meet traffic demands. 

Private enterprise may be expected to provide the proper docking and repair facilities. 

Private enterprise may also be looked to for salvage facilities, but it cannot be estimated that 

any given port with reasonably fixed tonnage movement will support a proportionate invest- 

ment in salvage equipment. Frequency in marine disasters does not necessarily follow the 

greatest traffic but depends to a great degree on the navigation hazards existing in a given 

region. From the business standpoint, a salvor has to determine the ports which will offer 

the best market for employment on work other than salvage for appliances and trained per- 

sonnel that are necessary in any well-organized salvage unit. The salvage facilities in this 

country are considerably in excess of those which could be maintained by salvage operations 

alone, and the continued maintenance of such facilities depends entirely upon the amount of 

work obtained by the salvage company other than rescue work. 

Alexander Hamilton wrote considerably over one hundred years ago: “A prosperous 

commerce is now perceived and acknowledged by all enlightened statesmen to be the most 
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useful as well as the most productive source of national wealth, and has accordingly become 

a primary object of their political cares.’ And President-elect Harding, less than a year ago, 

summed up our present needs in a speech as follows: “We are tardily alert to the imperative 

need of a merchant marine to widen commerce, world influence, and national safety. We 

have ships now; we have the commercial foundations; our future lies in policies and prac- 

tices. We need the simple, practical understanding that commerce is the life blood of ma- 

terial existence; and no nation in the world ever has been or ever will be eminent in influence 

until it establishes eminence in commerce.” 
The attainment of these our ideals can be reached in no surer and quicker way than by 

the development of our ports, and by making them entirely suitable for the very important 

part they have to play, as our national gateways, in fostering the growth of our commerce 

and of our merchant marine. 

DISCUSSION. 

Tue PrESIDENT:—This paper, on “The Importance of Port Facilities in the Develop- 

ment of a Merchant Marine and Commerce,” is now before you for discussion, gentlemen. 

The Chair appreciates that the subject treated of by Admiral Rousseau is one which is of 

tremendous importance to shipping. It has directly to do with the economics in ship-opera- 

tion which have been mentioned frequently this morning. I hope, therefore, there will be 

definite and precise comments with respect to the features brought forward in the paper. 

The discussion will begin by the reading of communicated discussions presented by vari- 

ous gentlemen who were unable to be present. The written discussions will be presented by 

Mr. Horace Holden Thayer. 

Mr. Thayer presented the following discussion: 

Captain F. T. Cuampsers, C. E. C., U. S. Navy (Communicated) :—The importance 
of port facilities in the development of a merchant marine and commerce cannot be too 

greatly emphasized. Admiral Rousseau’s presentation of the case is an excellent one, and 

no criticism is offered. It seems well, however, to emphasize several of the points which 

he has made. f 

While the principal European maritime nations have given the subject of port facilities 

real study for many years, it is only recently that port authorities in the United States have 

begun to give the matter the study which it deserves. The narrow piers commonly used in 

our harbors are probably the result originally of projecting street ends into the navigable 

waters, and such piers were probably of sufficient capacity for most of the old wooden sail- 

ing vessels. As pointed out by Admiral Rousseau, however, the terminal is almost of neces- 

sity the bottle neck of the transportation system, as even under the best of circumstances 

the capacity of the railways and ships serving the ports is likely to be greater than that of 

the pier or wharf which forms the connecting link between land and water carriers. In 

order that the greatest economies in ship turn-around may be effected, the terminal itself 

must have sufficient capacity for the assemblage and classification by commodities and marks 

of the cargo necessary for the particular ship to be loaded, and if piers are to be designed 

for the purpose, with ships’ berths on both sides, the width will of necessity be large. The 

city of New York, for instance, is apparently content to use valuable water front for the con- 
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struction of a series of new piers only 125 feet wide and 1,000 to 1,300 feet long, with 

inadequate provision of railroad trackage. Should piers be designed for this same locality 

with adequate railroad tracks upon each apron and down the center of the structure, provi- 

sion for the quickest ship turn-around would require that the width be fully 500 feet, and this 

with a two-story transit shed. ’ 
This matter has been expanded on a pamphlet on the subject of water terminals suit- 

able for various purposes, about to be issued by the Board of Engineers for Rivers and Har- 

bors of the War Department. This publication cites examples to bear out its contention, 

among the most notable of which is the design of the quay and transit sheds along Dock 

No. 9 of the Manchester Ship Canal, where the available floor area per foot of berth is con- 

siderably greater than the figures just stated. 
Admiral Rousseau has stated that delays in port mean lessened revenues and increased 

expenses to ocean carriers, which may in general vary from $1,000 to $5,000 per day per 

vessel. This is an important truth which should be brought home to all those interested in 

shipping. 

About two years ago the Port Facilities Commission of the Shipping Board took up 

the subject of economies to be effected by the more rapid turn-around of vessels in United 
States ports. Endeavor was made to find the complete expense account of a typical ship. It 

was not practicable to get exactly what we wanted, but the record was found in the Ship- 

ping Board files of a 6,450 deadweight-ton, coal-burning vessel, which came into New York 

harbor from Genoa, Italy, carrying 2,713 tons of miscellaneous cargo, consisting of wines, 

hats, cherries, marble, etc., and departed fifteen days later for Archangel, Russia, with 3,783 

tons of miscellaneous supplies, such as sugar, cocoa, canned goods and Red Cross articles. An 

analysis of the charges showed that the daily expenses against the vessel, inclusive of such 

overheads as interest on investment, depreciation, insurance, etc., and such other charges 

as stevedoring, wharfage, vessel supplies, port pay roll, clerking, winchmen, watching cargo, 

lighting and watching ship, amounted to $2,066.26 per diem. It was felt that no records 

would have been broken if the complete port turn-around of the ship had been six instead 

of fifteen days. Under these circumstances, the saving in expenses was estimated at $18,- 
596.34. The complete argument as drawn up in this case was shown to a prominent ship 

operator, who was much interested. He stated that he had not been in the habit of looking 

at the subject in just the same way, but that a ship of the size and type that we had used 

should at the time have produced a profit of $2,000 per diem. Under such conditions, it is 

plain that we should add the profit to the expense to show the actual loss of keeping the 

ship nine unnecessary days in port. In other words, the total loss, inclusive of expense and 

profit, was over $36,000 for this particular voyage. 
It has repeatedly been demonstrated on the Great Lakes that with special type vessels, 

and with proper equipment designed to suit these vessels, bulk cargo can be handled so rapidly 

that a 10,000 ton ore carrier can be turned around in the upper lake ports in a few hours, 

and the average for the season kept at something like twelve hours per ship turn-around. 

The problem of handling miscellaneous cargo is not so simple, but proper design of our 

port terminals, plus efficient operation and management, will unquestionably produce results 

that are well worth while, and those interested in ship operation should give the subject of 

port facilities their best attention if they would effect all possible economics in ship operation. 

THE PRESIDENT :—The next written contribution is from the American Association of 

Port Authorities, through its president, Mr. Benjamin Thompson. 
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Mr. BENJAMIN THOMPSON (Communicated) :—The paper by Rear Admiral Rousseau 

on “The Importance of Port Facilities in the Development of a Merchant Marine and Com- 

merce” is a valuable contribution to the literature on the subject. The admiral has honored 

me, as president of the American Association of Port Authorities, by suggesting that I sub- 

mit some discussion thereof. Appreciating the courtesy extended, and the opportunity thus 

placed before me, I will take up a little of your time in discussing certain features. 
As the admiral says, “Our port facilities, like “Topsy, just growed.” The same may be 

said about the several types of administration, and it seems to me that until the people 

living and having business at the several ports are led into an intelligent discussion of 

what must be done at the terminals to make them successful in every sense of the word, and 
how this shall be done, it will be futile to anticipate, with any degree of certainty, such de- 

velopment and such commercial success at them as it is within the bounds of reason to 

realize under the best conditions. 
It seems to me that the business and administration of a port should be conducted the 

same as any other business involving the use of as much capital, at least in the application 

of elementary business principles. Would investors of money in the stocks and bonds of 

large mercantile, manufacturing, or transportation organizations not hesitate a long time 

before investing, provided they ever invested, if they knew that the management was to be 

changed continually every year or two, or three, and new men be placed in control whom 

previously they had never heard of, in all possibility? Is there any reason whatever why 

the business of a port and its facilities should not be conducted as carefully as of any 

other business? 

It seems to me that the Congress by the enactment of the River and Harbor Act ap- 
proved March 2, 1919, and the passage of the Merchant Marine Act of 1920, has made a 

very important beginning of what it is hoped will eventually result in port administration 

throughout the country being placed upon a strict business and accountable footing. The 

work being done by the Board of Engineers for Rivers and Harbors, under the Chief of 

Engineers of the U. S. Army, will supply information that will be available very soon, such 

as the majority of the ports of the country could not otherwise have at hand, on account of 

the expense attendant. 

With that information available, will it not be possible to formulate conclusions as to 

some general form of port organization and administration that will be calculated to pro- 

vide for satisfactory results? That done, can a way not be found to impress upon the busi- 

ness men of the several ports, and through them upon the majority of the people, the vital 

importance of having each port conform thereto? Then, and not till then, perhaps, will the 

several houses be put in order. This all will require leadership and systematic organization. 

Have the American people ever failed to find good leaders or determine upon a satisfactory 

organization to accomplish anything they thought should be accomplished? They will not 

fail in this most important matter if the issue is placed fairly and clearly before them. So 

far as it can possibly be done, there should be an absolute separation of port administration 
from what is commonly known as “politics.” 

Business opportunities will not wait. On that account, if for no other, it is vitally 

essential to the success of any port that exporters and importers should be in close touch 

with those who administer port affairs. In no other way can the latter so satisfactorily 

aid the former in securing prompt attention to their needs in shipping, thereby doing all 

that can be done to increase the importance of the local port. It all requires mutual effort 
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if the greatest success is to be achieved in accomplishing those things which contribute to 

“The Development of a Merchant Marine and Commerce.” 

The admiral has spoken very complimentarily of what has been done by the Ameri- 

can Association of Port Authorities. That organization stands for “service” if it stands 

for anything. The problems of the many ports are so many and so great that, while the 

association has been in existence for ten years, it has only begun the work that lies before 

it. I am glad to say that its efforts have been approved by those high in authority, and 

that its influence, and an understanding of what may be accomplished through its efforts, 

are spreading, so that now it has representatives in many lands. The association is ready 

and willing to do its share in helping to solve the problems that confront every port ad- 

ministration, and invites all of them to join with it in determining what is best to be done 

that transportation by water, export and import commerce may be conducted most quickly, 

most economically and most satisfactorily, for that is the crux of the whole matter. 

I thank you for the opportunity to be heard before your organization and wish you the 

greatest success in your deliberations on this very important subject, so well put before you 

by Read Admiral Rousseau. 

THE PRESIDENT :—We have two more communicated discussions, which will be ab- 

stracted by Mr. Leo S. Blodgett. 

Mr. Blodgett presented the following discussion: 

REAR ADMIRAL F. R. Harris, C. E. C., U.S. Navy, Member (Communicated) :—Rear 

Admiral Rousseau’s paper on the importance of port facilities in the development of a mer- 

chant marine and commerce is a very thorough and comprehensive discussion of the subject 

and one for which he is entitled to considerable credit. He is particularly well fitted by actual 
experience for the task he has undertaken, both on account of his general familiarity with 

various types of port improvement and also on account of his connection with the United 

States Shipping Board Emergency Fleet Corporation during the war, and in connection 

with that same organization, as a member of the important Port Facilities Commission 

which he refers to. 

It is of course conceded that a large and prosperous foreign commerce is of vast im- 

portance to a country such as is the United States, both as an element of its general com- 
mercial and economic prosperity and as a means whereby its production, agricultural and 

industrial, above its own requirements, may be maintained through shipment to foreign users 

and, in the same way, make good its shortages in various staples and manufactures through 

foreign imports. Both from a commercial and economic standpoint it is highly desirable 

that the bulk, or surely at least half, of this ocean-borne commerce should be carried in our 

own merchant marine flying the American flag. This last statement would at first appear to 

be so evident as to require no elucidation. We all have a very general idea, which we con- 

sider patriotic, that we want an American merchant marine capable of carrying the bulk of 

our exports and imports; but I think very few of us either know exactly why we want 

such a merchant marine or how its possession would be of value to us, nor do many real- 

ize what are the obstacles to our attaining our national aspirations in this regard. 

We need a merchant marine to carry our exports and imports for very much the 

same reason that animates a great merchant in desiring his own delivery wagons and ser- 
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vice. For by possessing a thoroughly well-equipped transportation and delivery service, 

making prompt and efficient deliveries, he has one of the important elements that enables 

him to compete successfully with other merchants and thereby maintain and enlarge his 

sales. A merchant would undoubtedly consider it suicidal from a business standpoint to 

entrust the delivery of his own products or merchandise to the delivery service of a com- 

peting concern. Besides this, the merchant’s efficient delivery service has a great adver- 

tising value and, if this is combined in suburban routes with the solicitation of orders, 
it becomes an important adjunct of the sales department. 

Of course we can always export and sell our agricultural and industrial products where 

they are absolutely necessary to foreign customers and cannot be secured from other sources, 

and even export such products in foreign bottoms successfully. But to build up a large for- 

eign {rade we must not alone sell what no other country can supply, but also what other coun- 

tries can supply, by selling in competition with them by means of their excellence, cheap- 

ness and availability, which means delivery of them. Having a great American merchant 

marine entails shipping agencies in all parts of the globe and exchange of information as 

to what our foreign customers require and prefer, and active competition in remote coun- 

tries and with foreign competitors and knowledge of what their goods are—not alone their 

quality but their terms and commercial credits; in other words, all the facilities and ma- 

chinery which seek for and find business. 

We cannot expand foreign trade if terms and prices at which we can afford to sell 

are higher than foreign competitors can sell for, always assuming that the products are about 

equal in quality. In these prices from our foreign customers’ standpoint are always included, 

and must necessarily be absorbed as an overhead, handling and terminal costs together with 

freight rates. The American merchant or transporter would for various reasons prefer to 

use American ocean carriers but, as a matter of business, rather than lose the opportunity 
for sale entirely, he will, and with justice, employ foreign bottoms if the freight charges are 

lower than in American bottoms. No idealism in the form of patriotism can long sustain an 
American merchant in employing American bottoms at a cost higher than in foreign bot- 

toms. Such course would eventually result in bankruptcy. Therefore if we want an Ameri- 

can merchant marine—and we realize that we do want it, not for general reasons of vague 

and indefinite type but for the specific reasons that in the long run we cannot hope for a 

large and increasing foreign trade without it—we must seek to establish this merchant ma- 

rine on a firm and solid basis by all of the various means outlined by Admiral Rousseau in 

his able paper, and by striving to make the cost of transportation in American bottoms at 

least no higher than would be the case in foreign bottoms. This must be done by an actual 

reduction in cost of the various items that go into making transportation costs, or, failing in 

this, we inevitably face either some type of national subsidy to overcome the difference or 

the abandonment of our ambition for an American merchant marine, and with it eventually 
a large and increasing foreign trade. If we can only build, maintain and operate ships at cost 

much in excess of those of foreign builders and operators, we must either abandon the build- 

ing and operation of ships, make up the difference by some type of national charge—in 

reality a subsidy—or ships will be built and operated under foreign flags. 

The obstacles to our maintaining a large and successful American merchant marine with 
its consequent foreign commerce is very ably set forth in Paper No. 6, “How Can American 
Ships Compete Successfully with Foreign Ships,” by Mr. Winthrop B. Marvin. Mr. Mar- 

vin’s detailed analysis of the situation leaves nothing to be added to it. We must find a way 
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to equalize the cost of ship construction and operation, either directly or indirectly or by gov- 
ernment aid; if we are to maintain successfully the great American merchant marine it must 

become a government protected institution, and every piece of legislation such as the La 

Follette Seaman’s Act must be considered from the aspect of its desirability to be enacted, 

how much the Government will have to pay in the way of subsidies to counteract its effects. 

A not unimportant element in the item of cost is that of handling and terminal charges— 

port facilities; and even in this we cannot be too careful in attempting to avoid the evil of 

over-expansion and extravagance. Large and expensive works of construction of an elabo- 

rate character involve high first costs, high fixed charges, both of which must in turn be 

distributed on the terminal and handling charges. The question of proper terminals and 

port facilities is therefore in each case and in each port a special problem of balance between 

business and expected business, seeking the proper balance of cost and consequent distribu- 

tion of fixed charges. It might easily be made too expensive to use the most elaborate 

and complete terminal facilities, causing the operator to seek more primitive and less com- 

plete facilities involving less charges. 

There is undoubtedly an opportunity in American port and terminal problems to ma- 

terially increase the capacity by a more efficient and economical utilization of these facili- 

ties. Such is the case regarding results in not alone more rapidly and economically load- 

ing and unloading vessels, but in capacity of the terminal as regards number of vessels and 

cargoes unloaded and a possible reduction on terminal charges. The great port of New 

York undoubtedly affords a fertile field for improvements of this character. The evil and 

expense of its lighterage system and drayage or truck transportation are well known. The 

condition of its waterfront and congestion westward during periods of normal commercial 

prosperity form one of the visible explanations of its constantly mounting costs of ship- 

ment through this port. 

A glaring example of what the keen commercial competition for business expansion 

will do is well illustrated in a recent disclosure made by Senator Jones relative to agreements 

between various of our railroads and foreign steamship companies. To look at this disclo- 

sure impartially simply shows that various railroad officials seeking business have sought alli- 

ances that would bring them the most business and that, of course, would permit them to 

expand their railroad business, although apparently at the expense of the American merchant 

marine. It is human nature for the average business executive, who feels first his respon- 

sibility to his own corporation, to seek for its prosperity first; although he may be and is 

very likely at heart just as patriotic as any of us and would, all things concerned being 

equal, prefer to make his alliances with American steamship companies. The answer to 
such course of action is, first, to improve the American merchant marine service, so that 

it will offer and afford everything that foreign services offer and afford, so that it can 

offer freight rates as cheaply as foreign lines can offer them, thus removing the ele- 

ments of temptation as far as possible. In addition to this, passing the necessary laws and 

regulations prohibiting any such alliances and forming the proper organization that will 

vigilantly, aggressively and tenaciously enforce these laws to guard against their evasion. 

Thus far we have spoken largely of foreign trade, exports and imports, and why it is 

desirable that the United States should have a large and great foreign trade. We must 

not overlook the all-important fact, however, that foreign trade is dependent to a large 

extent on a balance between exports and imports. This condition is not alone desirable 

but necessary. It is absolutely necessary financially and, if not absolutely necessary, very 



238 THE IMPORTANCE OF PORT FACILITIES IN THE 

nearly so from the standpoint of the ship operator. Ship operators have had many les- 

sons in the last few years that it is expensive to export where the ship is sent out in cargo 

and returns in ballast—no imports available; just as the financier has found that it is expen- 

sive—in fact, ruinous—to sell goods on credit where your customer, when bills become due, 

asks for extensions of credit, and so on indefinitely. Much as a merchant desires to sell, 

he loses this desire if he.is fairly well convinced that the customer cannot under any possible 

conditions pay for the goods he has bought. 

The United States may be considered as a single, large merchant. We have a produc- 

tive capacity in many lines beyond our requirements. We wish to dispose of this excess and 

continue to do so, keeping our industrial population at work to their full capacity or near 

capacity in producing. However, we only want to do this and continue to do this if we are 

paid for what we sell. The only way we can be paid is by people outside of the United States 

who buy and use our products, working and producing other products that we want and will 

buy from them or practically exchange with them. If they will not work and produce, or 

cannot work and produce, we not only cannot have a foreign trade but, I think, do not want a 

foreign trade. Credits, not matter how long extended, are merely a distinct promise for fu- 
ture foreign production, not alone sufficient to pay the accumulated debt in products but all 

of their future purchases and interest on the credits besides. Therefore, while I think we want 

to export, we also must want to import, and we must be especially careful not to export where 

there is little or no chance of repayment. There is no use sending good money after bad. 

An analysis of this condition, I fear, will make many of us pause and conclude that, 

irrespective of our personal interests and desires, we must look forward for some years to 
come to a foreign trade much smaller than we would desire—a safe and conservative export 

and import business of such a character that it will sustain and pay for itself and grow year by 

year, and what the world has to offer us in this respect in purchases of our products on a 

sound basis we must be in condition to compete for with foreign sellers more keenly than 

has ever been the case before. This will involve not alone a matter of competitive price and 

conditions of delivery but put us on our mettle as regards an adequate delivery service, 

namely, a merchant marine. If we abandon the idea, we will end up, when trade is again 

resumed on the pre-war scale, with our foreign competitors having both the trade and the 

merchant marine. 
There are certain commodities and staples, and always will be, which we do not pro- 

duce and must import, such as rubber, coffee, cocoa, sugar, etc., and also certain manufac- 

tured articles and products which can be better or more advantageously secured from for- 

eign sources that will be desirable imports. Eventually, with our constantly increasing popu- 

lation, we will consume most of our agricultural products that we have been in the past 

exporting, and we must, looking to the future, either expect to find outlets for our excess in- 

dustrial producing capacity or else materially reduce this productive capacity, which in turn 

means a material curtailment of our growth and prosperity as a nation. It cannot be too 

strongly emphasized how important an American merchant marine, as well as proper port 

and terminal facilities, will be in locating a successful solution of this very important problem. 

The whole matter of foreign trade, merchant marine, and port facilities is much in- 

volved and very complex and is a single problem, not three separate ones. We must be cau- 

tious and careful in our capital expenditures as regards productive plant, vessels, port works 

and terminals. We will be very fortunate in most cases to be able to utilize even what we have 

in part capacity for some years to come, and will have to scrutinize with the greatest care and 
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discretion any new expenditures of money for enlargement of any of the three facilities. 

This does not mean that extensive works and improvements in the matter of port facilities 

are not warranted but merely that in each individual case there are special problems requiring 
study and analysis from all standpoints; and the sooner we give up idealistic statements and 

glittering generalities and come down to an analysis of facts and figures in special cases, the 
better. 

Tue PRESIDENT :—It seems desirable to add that the contribution which has just been 

presented in abstract was prepared by Admiral Harris, who, as Chief of the Bureau of 

Yards and Docks in the Navy Department, and subsequently as General Manager of the 

Fleet Corporation of the Shipping Board and in charge of very important port development 

work, speaks with authority on the subject. 

Mr. Cuartes EvAN FowLer (Communicated) :—The paper by Admiral Rousseau is 

such a thorough and comprehensive one that to properly discuss it would require much time 

and study. Therefore the writer will only attempt to call attention to some few points that 

should be most carefully considered, and some others that should be introduced as pertinent. 

The seven postulates of the Montreal Harbor Commission, as given in their original 

report, cover the situation as to any important harbor most comprehensively, but the first two 

should be repeated here. 

“The ports that are doing the biggest business, and doing it most efficiently, are the 

ports that have kept their facilities ahead of actual requirements.” 

“The ports that have remained stationary or lost prestige are those which neglected to 

provide facilities before business was forced to seek elsewhere the same facilities provided 
by rival terminals. Business follows the facilities.” 

The writer spent some four years, as an engineer member of the Seattle Harbor Com- 

mission, which evolved the present Port of Seattle scheme, to overcome the handicap imposed 

by private and railway ownership of ocean terminals, and he sees no reason, from the work- 

ing out of the Seattle plan, to change his views, that the port authority must be divorced 

from any connection with municipal government, or politics if you please. The detail develop- 

ment of the port has also in the main been most satisfactory; and such things as the great 
jetty piers, as built, have undoubtedly met with great approval by all authorities on ports. 

The whole project has, however, demonstrated that it is impossible to divorce the hin- 

terland facilities, the port proper, and the harbor. The port will be a failure if the hinter- 

land does not produce and consume products conducive to ocean commerce, and it must have 

the necessary connecting or feeder railways. Then, too, our railway managers must be of the 

broad-gauge type who can sense the welfare of their roads in terms of cooperation with the 

ports they serve. They must study such examples as the Puerto Mexico, Salina Cruz ports 
and railway, and the railway and port facilities of the Argentine. Such details, for exam- 

ple, as the roof doors of box cars to facilitate loading and unloading must be copied, if per- 

force we cannot attain to efficiency in any other manner. The steamship operator, on the other 

hand, must equip his ships with cargo booms and freight-handling machinery like the ships of 

the old American-Hawaiian Line, to supplement dock cranes, and also to serve such ports as 

have no dock cranes or freight-handling machinery. 

The table on page 231 of the paper makes it easy to pick out those features of ocean 

commerce that cost the most in percentage in the handling of the world commerce. We can 
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immediately attack the item of stevedoring as a fruitful point to improve upon, and one 

where such improvements will quickly tell on the reduction of cost. Repairs, fuel and 

wages are the other items where improvement would show most quickly. 

Stevedoring and handling cost must be greatly reduced by the use of machinery by both 

the ship and the port. Repairs and depreciation must be reduced by better construction of 

vessel and port facilities and by better equipment on shipboard for the crews to effect more 

of their own repairs and upkeep. 

Fuel cost must be reduced by using the most efficient type of machinery, both for hand- 

ling cargo on the ship, on the piers, and in ship propulsion. Ships driven by Diesel engines 

must be more largely used, and for certain classes of ocean commerce we must again use 

sailing vessels, with auxiliary engines. 

The wage question is the one which is paramount, because it brings up the question of 

the welfare of the human race, and more particularly the welfare of a small portion of our 

own countrymen. We may rest assured that our merchant marine will not be a success until 

there has been a radical revision of our shipping laws, to enable us to compete with En- 

gland, France, Japan and other countries engaged in world commerce. There need be no 

hesitancy in doing this, because in normal times American labor can find plenty of con- 

genial and remunerative work in other lines of endeavor. 

The major problems of port location and arrangement of facilities, together with the 

general design of harbors, are ones which have not been given sufficient attention in the 

United States, with the result that many of our ports are most inefficiently arranged. Some 

of our older ports have grown by the process of accretion, and only the most drastic treat- 

ment will make them efficient world tools; but we may rest assured that desperate diseases 

require desperate remedies, and in the end most severe reconstruction from start to finish will 

prove to have been the only cure. 

Much new harbor work has been placed in inexperienced hands; and it is only to be 

expected in such cases that the results will be far from satisfactory and the port be far from 

the required efficiency. The port must be specially planned for the class of ships and traffic 

that it will attract and handle. 

The fact must not be lost sight of, that while an independent port authority has been 

found the best and only means for economy and efficiency in handling all port and harbor 

problems, the ships must be privately owned to effect a like result with the means of ocean 

transportation. Such a statement may seem paradoxical, but upon reflection it will be seen 

that a unified and independent port authority is necessary for the proper correlation of the 

many separate land and water transportation systems. 

The task of forming a real merchant marine out of such a heterogeneous mass of land 

transportation systems, ocean transportation systems and port or harbor facilities is a her- 

culean one, but one worthy of the best minds among engineers, business men and statesmen. 

THE PRESIDENT :—That ends the contributed written discussion. Is there any oral dis- 

cussion to follow? I think we can undoubtedly get a much better conception of the sub- 

ject and the written contributions by reading them in the Transactions later. It is a large 

subject, most intimately bound up with the whole commercial development of the country, 

and as we discovered very early in the transportation of troops and supplies during the 

war, the facilities for loading and unloading were vital in facilitating quick “turn-over” dur- 

ing those days. In fact, it is a matter of record that in some cases the time in port was cut 
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down to one-tenth of the original time, simply by having up-to-date methods of handling sup- 

plies and adequate port facilities. 

Before passing to the next paper, I am sure you will desire that the Chair make, on 

behalf of the Society, an acknowledgment to Admiral Rousseau for his preparation of this 

most interesting paper. 

As you were advised yesterday afternoon, the next paper on the program, “American 

Shipyard Apprenticeships, Evening Schools and Scholarships,” will be presented at the after- 
noon session in view of the unavoidable detention of Mr. Bailey. He cannot be present this 

morning. We will therefore pass to Paper No. 9, entitled “Cost Accounting and Estima- 

ting,” by Mr. H. H. Schulze, a member of the Society. This is perhaps a rather dry subject, 

but it is an exceedingly vital and interesting one; also, one that all of us known a great deal 

more about now—at least we think we do—than we did five or six years ago. One of the 

serious and worrying problems during the war was to catch this somewhat elusive item of 
“cost” and find out exactly what were its true constituent parts. 

Mr. ScHutze:—I can hardly agree with the Admiral that this is a dry subject and not 
interesting. 

THE PRESIDENT :—You misunderstood my remark, I fear. It is an exceedingly inter- 

esting subject. 

Mr. ScHULZE:—What we have tried to do in our work is to carry out what the 

Admiral presented in some previous remarks—that is, efficiency. 

In this paper we have endeavored to reduce estimating to a scientific basis and bring 

it to such a point that, by giving engineering condition, we shall have one answer for the size 

of the auxiliary, and for a given size we would obtain but one answer for the price. It 

seems almost impossible to do it, yet I believe we have accomplished much in that line. In 

order to save the time of the Society, I have made an abstract of the paper and will there- 
fore read it. : 

Mr. Schulze then read his paper in abstract and at its close said: “If there are any 
here who later wish to see any details of any portion of the work, I will be glad to show it 
to them.” 
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COST ACCOUNTING AND ESTIMATING. 

By H. H. Scuuuze, Esg., MEMBER, 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

Cost accounting and estimating are so closely allied that it is not possible to treat of 

one without the other. In early days, cost accounting as applied to ship work did not receive 

careful thought or attention but was considered more in the nature of clerical work; during 

later years, and especially since the cost plus form of contract came into being, cost account- 

ing has become better understood and is today considered among the most important depart- 

ments of the shipbuilding business. 

Cost estimating occupied much the same position as cost accounting, and ton shipyards 

reduced their cost estimating to a systematic basis. It is therefore the intention of this paper 

to treat mainly of the second portion of the title and to describe the methods adopted in the 

effort to obtain, as nearly as possible, uniform results. 

COST ACCOUNTING. 

There are really three main functions of the accounting: First, for determining the profit; 

second, for submitting statements during construction to the operating manager, so that he 

can anticipate or investigate the overrunning of estimated costs; third, for estimating—that 

is, to determine the basis upon which to submit bids for similar work. The financial state- 

ments required for each of the above purposes are entirely unlike. 

For determining profit but one figure is required, namely, the completed cost; for use of 

the operating manager the statement should be divided into groups corresponding with the 

division of his operating department; for determining the cost for future work the state- 

ments should be divided by groups represented by physical quantities so that unit rates can 

be determined, to be applied to similar physical quantities calculated for the proposed work. 

A good accounting system should provide means to indicate all the above. 

The number of groups in the accounting system depends largely upon the variety of work 

constructed. It is understood that, should but one type of commodity be constructed in which 

the relation of each operation to the other is always constant, but one factor would be neces- 

sary to determine the rates for similar commodities. In ship work, however, because of the 

vatying relations of the many items and trades entering into the numerous types of ves- 

sels, it becomes necessary to subdivide the return cost into the correspondingly numerous 

items, which broadly may be classified in groups of hull and machinery. 

The hull is usually divided into general items such as bonds, insurance, watching, tem- 

porary electric service, plans, trials and delivery; steel hull, including loft work, staging, 

launching, hull castings and forgings, and structural hull; woodwork, including joiner and car- 

penter work; also painting, hull piping, ventilation, electric work, steering gear, warping gear, 

boat gear, doors and hatches, airports, inside and outside fittings, handrails, deck covering, 
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masts and rigging, and outfit. In naval work there must be such additional items as ammu- 

nition handling, turrets, installation of ordnance and armor. 

The machinery is generally divided into main engine, condenser, pumps, boilers, stacks 

and uptakes, forced draft system, fuel oil system, piping, lagging, shafting, bearings, pro- 

pellers, floors and gratings, tanks, and auxiliaries, including feed heaters, evaporators, dis- 

tillers, oil coolers, auxiliary condensers, refrigerating, heating, fire extinguishing and disin- 

fecting plants, together with tools and spares. 
The above groups are more or less subdivided, according to the nature of the work con- 

structed at the particular plant. 
The return cost for each of the above items should be given in the three divisions: ma- 

terial, labor, operating expense, termed overhead. 

Material is comprised of purchased material, 7. ¢., items requisitioned and purchased 

directly for a particular ship; and storehouse material, 7. e., material drawn from the general 

storehouse and applied directly to the vessel. The latter consists of such items as standard 

pipe, fittings, bolts, nuts, etc. 

Labor, sometimes termed direct labor, is that portion of the labor which is charged di- 

rectly to the vessel. 
Operating expense, or overhead, consists of both material and labor and constitutes just 

as much a part of the cost as either the direct labor or material. It consists of material and 

labor which is more accurately distributed by prorating than by the direct charge. 
The division between direct labor and indirect labor is by no means uniform at all 

plants. The general principle which determines the division is that direct labor should include 

all labor where little or no judgment is necessary by the operator in the division of his time. 

Where it becomes necessary for the foreman or quarterman to estimate the division of his 
time between the several vesses] or jobs, such labor should be classified as indirect labor. 

An ideal system would be one where all the labor could be accurately distributed directly to 

its appropriate job. Unfortunately, much of the labor entering into ship construction cannot 

be charged direct without the arbitrary distribution by the employee, and it must therefore 

be included in the operating expense. 
The material charges in the operating expense embrace such items as light, heat, coal, 

water, etc., and the labor includes the compensation of foremen, leading men, inspectors, 

clerks, messengers, cleaners, timetakers, etc. In addition to the above there is included, as 

administration, selling and general expense, a proportionate part of the cost of the office of 

the manager, sales department, treasurer, accounting department, purchasing department, 

plant engineers, service department, etc. 

The distribution of the overhead in some businesses can be apportioned according to the 

units manufactured, where such units are all the same character, but in shipbuilding it has 

generally been customary to apportion the indirect expense as a percentage of the direct labor. 

Each department in the shipyard should have an account to which the expense of the depart- 

ment is charged, so that it may be possible each month to prorate the expense of that depart- 

ment among all of the direct labor which it performed for that period. 

Since the distribution between the direct and indirect labor is not uniform at various 

shipyards, it can be seen that direct costs of one yard are not comparable with another yard. 

To make a proper comparison, it would be necessary to adopt not only a uniform cost sys- 

tem, but a uniform force report so that the distribution between the direct and indirect labor 

would be the same at all shipyards. 
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ESTIMATING. 

Cost estimates are prepared primarily to form the basis of a bid or a selling price, 

and secondarily for the information of the general manager so that he may be advised 

what allowance has been made to each department so as to assist in the reduction of oper- 

ating costs. The importance of the latter function is being recognized more and more, and 

an excellent paper on this subject, entitled, “How the Cost System Assists the Management 
in the Reduction of Operating Costs,” was presented by Mr. William B. Ferguson, assistant 

to the president, Hog Island, before the Society of Industrial Engineers, on March 26, 1920. 

While the selling price is determined by the amount the consumer is willing to pay and 
the manufacturer willing to accept, few lump-sum contracts are taken without some form of 

estimate. The acceptance of a contract on a competitor’s bid involves the dangerous assump- 

tion that the competitor has not made an error and that the purchasing power and manu- 

facturing efficiency of both plants are equal. 
The builder usually prepares his estimates on the same basis and, after submitting sev- 

eral bids, soon ascertains what allowance must be made over the estimates prepared by him 

to compete with other bidders. Thus, if he is consistently high, with a constant percentage 

as margin, he knows that, if he desires to obtain the contract, it is necessary to correspond- 

ingly reduce the amount of margin. 

All estimating—in fact, the solution of all engineering problems—is performed by com- 

parison. A formula is merely an expression endeavoring to reconcile by functions all the 

various conditions entering into the problem, and the closer the functions and formula repre- 

sent the condition the more uniform will be the coefficients in the formula. The personal ele- 

ment in the selection of factors to represent the proposed condition is one of the reasons for 

erratic results in estimating. 
Designing and estimating would be reduced to a more scientific basis if, under the given 

engineering condition, the same dimensions would be obtained at all times, irrespective of 

the person who is solving the problem. Again, after the size has been determined, if the 

same weight and cost would be obtained, then estimating would be reduced to somewhat of 

an exact science. The solution of this problem has been attempted by the method described 

herein, and, as far as it has been applied, has been found to be very successful. 
There is usually a time limit to every estimate, and the problem is to make the best use 

of this time. One essential is to proportion the time according to the money value of the 

item, and another is to avoid repeat operations in every succeeding estimate. For example, 

it is unwise to devote a large amount of time to the calculation of structural foundations 

and then hurriedly figure the shell plating, merely because this portion is easy to calculate. 

Again, it is not desirable to devote a large amount of time to an intricate iron casting and 

to approximate the weight of a composition casting costing several times as much. Repeat 
operations are avoided by the standardization of particular items, as will be described later. 

A good estimating system should be flexible enough to make the best use of all the par- 

ticulars specified by the purchaser, and where these particulars are not specified it should pro- 

vide means for determining the sizes according to the best standard practice. 

Since estimating consists largely of a comparison with past practice, it is of importance 

that items to be compared should be on exactly the same basis; otherwise the estimator must 

make the proper adjustment in his miind before applying the new rates. In former years, 

when there was no great fluctuation in the material and labor market, it was sufficient to use 

the price-per-pound method for both material and labor, making slight modification as found 
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necessary. When large fluctuations in material cost and labor rates occur, the mind cannot 

readily compensate for the varying rates, and comparisons with previous returned cost and 

with previous estimated costs become of no practical use; therefore a method should be 
adopted of placing all estimates on the same basis, viz., uniform base for material and labor 

rates. 

By an adoption of a standard schedule of material unit rates for the various commodi- 

ties, and by reducing labor to hours, estimates can be placed on a uniform basis and 

would not only be comparable one with the other, but would also be available for use at any 

period by applying current rates to the quantities and to the labor hours which, combined 

with the current expense rate, produces an estimate on current rates. The relation of the 

current estimates to the standard estimate should be very nearly constant for the same period. 

It is not alone sufficient that details be calculated accurately, but every estimate should 

be subjected to a check method to determine whether the total represents a reasonable figure. 

To accomplish this, resort is made to check summary cards, which indicate the quantities and 

costs combined in large groups, together with appropriate weight factors, and unit rates of 

material and labor. 
The character of the estimate depends largely upon the character of the inquiry. Fre- 

quently inquiries do not give any particulars, and sometimes not even the general dimensions. 

This probably means that the prospective purchaser is merely feeling the market, and in such 

cases approximate estimates are prepared in condensed groups, using as a basis the check cards 

of the nearest similar vessels. In the hands of an expert with good judgment, such check- 

card estimates will give results which compare quite favorably with the detailed estimates. 

While space will not permit describing in detail the method of determining the dimen- 

sions of vessels and their horse-powers to fulfil required conditions, it might be briefly stated 

that recourse is made to design cards bearing lineal ratios, displacement and weight co- 

efficients, also to the freeboard tables and to model experiments conducted by Admiral 

Taylor and Constructor McEntee. The freeboard tables have been reduced to curve form, 

making the determination of depth for any draught, length and extent of erections a very 

simple operation. By reducing the model results of Taylor’s Standard Series to a mechani- 

cal operation and plotting curves of the relative performance of known models, the horse- 

power can be quickly determined, and with a reasonable degree of certainty. 
In cases where only the general particulars are given, an estimate is prepared by the 

condensed groups without going into great details, except for the larger groups, such as 

structural steel hull. 

When complete plans and specifications are submitted, or when it is probable that the 

prospective purchaser seriously contemplates construction, estimates are prepared in full de- 

tail. One of the first steps in preparing such detail estimates is the determination of the sizes 

of auxiliaries purchased from subcontractors and the submitting of the necessary inquiries. 

The subcontractor, before he will quote, will require complete information regarding 

the auxiliary, which necessitates not only the engineering knowledge for determining but 

also knowledge as to how this material is furnished by the subcontractor. In most cases 

the time required to prepare the estimate is governed by the time necessary to receive prices 

from outside contractors. This is particularly true when the auxiliaries are not of their 

standard manufacture. 
Having briefly described the general principles and the several kinds of estimates, a 

description of the procedure in preparing a detail estimate will now be given. 
In a large company the work of estimating is divided among men who become special- 
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ists in their particular line. For instance, it is very desirable to have the quantities for wood- 

work, both carpenter and joiner, calculated by someone who has had practical experience in 

this character of work; piping should be determined by an expert piping man. The ma- 

terial is generally calculated in the same units as it is purchased—that is, steel by the pound, 
lumber by the board foot, floor covering by the square foot, etc. 

The costs of construction bonds and insurance depend upon the time of construction 

and the amount of the contract and are estimated on this basis. The cost of the trial trip and 

delivery depends upon the horse-power, duration of the trial, size of the vessel and the point 

of delivery, and where this amounts to a considerable item a detail estimate is prepared, tak- 

ing into account the consumption of fuel, lubricating oil, stores, number of crew, commis- 

sary, transportation charges, compass adjustment, docking, towboat charges, etc. In cases 

where it does not involve a considerable item the cost is merely based upon similar vessels. 

The cost of plans is based upon the number of hours required in the draughting rooms, and 

it has been found that the best criterion for determining these hours is the total hours of 

direct labor for constructing the hull and machinery separately. Staging and launching de- 

pend upon the size of the vessel and the duration of the construction period, and, based upon 

these factors and the return cost of similar work, proper allowance is made for these items. 

The weight of structural castings and forgings is calculated after the sizes have been 

determined from the registration rules. Practically all vessels are classified in one of the 

society rules, such as the American Bureau of Shipping, Lloyd’s, or Bureau Veritas, and if 

not classified the scantling and sizes are usually obtained from the above rules. 

The structural hull is by far the largest item of cost and weight in the vessel, and it is 

therefore essential that the quantities be determined with the greatest accuracy possible. 

Coefficient methods have at times been adopted, but the use of such methods is dangerous, 

particularly in the hands of the inexperienced or when a complete knowledge of their deriva- 

tion is lacking. Usually the approximate lines are sketched, from which curves of shell 

expansion, floor areas, areas of bulkheads, decks, and the length of frames and reverse 

frames are obtained. From the above information and the scantlings obtained from the 

Classification Rules, quantities are calculated in detail. The grouping is always done in the 

same manner so that comparisons can readily be made. This is very essential and applies 

to other jobs as well. 

The steel hull is calculated in three groups, each divided into regular classified sub- 
groups. The first group consists of the continuous running members below the topmost 

structural deck, namely, transverse framing, longitudinal framing, keel plates, shell 

plating, inner bottom plating and decks. The second group consists of the other members 

below the structural decks and includes bilge keel, engine, boiler, and miscellaneous founda- 

tions, transverse and longitudinal bulkheads, chain lockers, shaft alleys and miscellaneous 

trunks and ducts. The third group consists of all the erections above the continuous deck, 

including structural work for the poop, bridge and forecastle, bulwarks, casings, etc. 

The steel has been classified in the above logical groups in order that the result can 

be checked by coefficients obtained from similar work. The quantities are net weight, cal- 

culated in pounds, and are classified as to plates, angles, channels, bulb angles, half rounds, 

tees, etc. The net quantities are transferred to the cost sheets and due allowance made for 

wastage, to obtain the gross quantity or amount to be purchased. To these gross quanti- 

ties current unit rates are applied, obtaining thereby the estimated purchase price of this 
material. 

The labor on steel, as in all the other jobs, is estimated in hours, being based upon the 
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returned hours on similar work; to these hours are applied the current averaged hourly earn- 

ings of the particular plant, giving the labor in money value. 
Joiner work is calculated in board feet and necessitates a knowledge of the kind of ma- 

terials and dimensions ordinarily used for carlins, studs, sills, plates, internal and external 

sheathing, straight and diagonal bulkheads and for the various items of furniture. Hardware, 

fastenings, glass, etc., are listed and priced, unless the time is insufficient, when they are 

taken by comparison with other work. As with steel, the quantities of lumber are trans- 

ferred to the cost sheet, due allowance made for wastage, current unit rates of lumber are 

applied, giving the estimated cost of this material. The labor in hours is estimated, based 

upon the corresponding prices per board foot obtained in similar work. 

Carpenter work is calculated in the same manner as joiner work, but, in addition to the 

number of board feet, lineal feet are calculated, since the labor is best applied on the basis 

of the lineal feet as laid by the carpenters. 

The amount of paint is calculated in pounds, based upon the extent of the surface cov- 

ered, treating separately the under-water body, the ordinary steel work, the joiner work and 

the varnishing and decorating. While cement amounts to a considerable item in the displace- 

ment, it does not involve much cost, ane this is usually approximated, taking into considera- 

tion the size of the vessel. 

The hull piping, including cargo oil mains, fire main, drainage and plumbing, is ellenered 
in detail from a single line sketch plan made to suit the special requirements. The number 

and weight of flanges, fittings and valves are listed and the pipe is calculated in pounds, sepa- 

rate quotations being received for the plumbing fixtures themselves. 
A similar procedure is followed in ventilation where this is an elaborate system; other- 

wise, the ordinary engine fire-room and hold ventilators are obtained by applying quantities 

derived from similar work. ‘The costs of doors, hatches, airports, hand rails and deck cov- 

erings are obtained by counting, or calculating the number and size from the plans, and 

applying to the quantities, so obtained, prices and weights derived from similar work. 

After applying to such systems as steering gear, warping gear, anchor gear, boat gear, 

etc., the prices of auxiliaries received from the subcontractors, the remaining items are esti- 

mated by comparison with similar work. Masts, spars and rigging are calculated in detail— 

that is, the number of pounds of structural steel, the number, diameter and length of booms, 

the lineal feet of wire rope, the pounds of running rigging and the number and size of vari- 

ous blocks required. 

The galley and deck outfit in some cases is very elaborate, and complete schedules are 

often forwarded to subcontractors for silverware, glassware, linen, bedding, etc., and these 

prices are applied. 

The machinery quantities are figured in detail and in the same units as the material is 

purchased. Within the time limit it is of course impossible to calculate the weights of each 

casting, such as cylinders, columns, bedplates, condenser heads, etc.; and in some shipyards 

the weights of such items are derived from an empirical formula, applying coefficients from 

the nearest similar work. For those shipyards which have a sufficient staff to enable weights 
and quantities to be classified and standardized, excellent results are obtained with a mini- 

mum amount of time. Curves are developed for the various types of cylinders giving the 

weights for any diameter and stroke one series for high pressure cylinders with piston 

valves; another series for intermediate pressure cylinders with one piston valve, with two 

piston valves, and with slide valves; and a similar series for low pressure cylinders with 

various types of valves. Similar curves are developed for all parts of the main engine, in- 
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cluding bedplates, bearings, columns, guides, all items of the reciprocating group, the valve 

gear, etc., so that it is possible without detailed calculations to obtain the weights which 

meet the required engineering conditions. This same procedure can be adopted for all por- 

tions of the machinery estimates, including condensers, boilers, stacks and uptakes, shafting, 
bearings, etc. 

One of the largest and the most difficult item in steam engineering is the steam engi- 
neering piping. The best procedure for calculating steam piping is to make a quick layout of 
the machinery with a single line sketch plan of the various piping systems, including main 

and auxiliary steam, main and auxiliary exhaust, suction and discharge piping, and to cal- 

culate from this layout all the valves, flanges, pipe and fittings in the same manner as for 

hull piping. Where the time limit will not permit of such detailed layout, piping is estimated 
in separate groups, as described above, by comparison with the nearest: similar job; but 
here again great care must be exercised, since the several owners’ requirements vary to such 

extent. One company might require copper pipe and composition valves for the system, 

whereas ordinary good practice would consist of wrought-iron pipe with cast-iron valves; 
and realizing that the former would cost several times as much as the latter it will be at 
once seen that the greatest care must be exercised in making assumptions in this group. The 

deck steam pipes, smothering pipes and heater coils for oil steamers sometimes consist of 

very large quantities, and, being comparatively simple, they are calculated separately. 
The specifications cannot specify all sizes, dimensions and character of material, and 

therefore the estimator must have a complete knowledge of the character of the material and 

the size required for any portion of the machinery; for instance, in piping, it will be necessary 

for the estimator to know what connections are made to the various pumps, their size and 

character of piping. If the sizes of the condenser, air pump, and circulating pump are not 

specified, it will be necessary for him to know the best practice to determine these sizes. 

In reciprocating pumps he is required to know not only the size of the pumps, but whether 

they would be composition end, composition fitted, or with cast-iron cylinders—whether or 

not soft packing or metallic packing is required. The same detailed knowledge is required 

for determining all sizes and dimensions where not definitely specified. Having determined 
the net quantities, they are transferred to the cost sheet; due allowance for wastage, current 
unit rates are applied, obtaining the estimated cost of the material. 

The labor, as with the hull, is estimated in hours, and in most of the groups is based 
upon the weight, though in some cases better results are obtained by applying unit rates, 

following the method of manufacture. Thus it has been found that in a condenser it 
is better to base the hours upon the number of tubes. 

A summary of the hull and machinery is prepared from these detailed figures, and on 

this sheet is applied the current rate of expense. This is not constant for hull and ma- 

chinery nor even for the separate jobs, since the expense rates of the various departments 

differ greatly, as described above. 

The sum, then, of the material, labor and expense for the hull and machinery gives 

the estimated cost of the vessel. Throughout the process of estimating, check methods 

are continually applied, so that there is little possibility of a large error appearing in the 

process. 

STANDARDIZATION. 

To avoid repeat operations and to obtain uniform results, the various groups should 
be standardized. The general method of standardizing a group is, first, to ascertain the 
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theoretical calculation by which sizes are determined; second, tabulate from practice the 

various sizes; third, apply the theoretical calculations and from practice obtain the coeffi- 

cient so that the result may coincide with those usually adopted; fourth, calculate and tabu- 

late results throughout the entire range of requirements. A few examples are as follows: 

The size of the circulating pump depends upon the amount of steam to be condensed, 

the temperature of the sea water, the vacuum, and the percentage of the rated capacity of 

the pump in actual service. After having determined the amount of steam used by the vari- 

ous types of engines, the amount of water required by the theoretical calculation is deter- 

mined and this amount compared with the rated capacity of the pump indicating that, in 

normal running condition, the pump is working at a certain percentage of its rated capa- 

city. Tabular statements are then prepared for several temperatures of sea water and for 

predetermined water rates and vacuums for the several types of engines. Without calcu- 

lation it is then possible to ascertain from this tabulation the normal size of a circulating 

pump for compound, triple, quadruple, turbine or electric drive, for several temperatures 

of sea water, the instructions giving the temperature to be used for the various routes. 

The same method applies equally well to the hull jobs. In anchor gear, for instance, 

the size of the hawse pipe must be sufficient to prevent the chain shackles from fouling 

under all conditions. From practice, the clearance over the diagonal length of the chain 

shackle is plotted, to which is added the diagonal length of the shackle for determining the 

diameter of the hawse pipe. The length of the hawse pipe must be sufficient to permit of the 

proper housing of the stockless anchor. The top and bottom thicknesses and the dimensions 

of the lips are plotted from practice. With the standardized dimensions, hawse pipes are de- 

termined for all sizes of chains and the weights calculated. The dimensions of chain pipes, 

devil claws, cable clenches, hawse-pipe covers and anchor davits are similarly determined 

and placed in tabular form. The weights and costs throughout the entire range are care- 

fully calculated and tabulated, so that for any size vessel or any size chain the weights 
and standard costs of not only the above fittings but the windlasses, anchors and chains 

themselves can be immediately obtained either in detail or in total. 

A brief description of the method of applying the standardized information is given 

by an example for determining the size of the main engine when not specified. A tabular 

statement is prepared, giving the minimum, normal and maximum horse-power; the size 

of the engine; the minimum, normal and maximum revolutions; together with reference 

plans, hull numbers, and condition of patterns for the various engines constructed, with 

intermediate sizes where the sizes constructed are not sufficient to cover the entire range of 

horse-powers. Based on propeller performance, a tabular statement is prepared, giving the 

normal revolutions for varying speeds and drafts. Following the direction of the typewritten 
instructions, it is merely necessary to ascertain from the latter table the normal revolutions 

for any given draught and speed, and from the tabular statement of engines pick out the 
proper size. Reference is then made to a weight and cost folder for this particular size 

of engine, from which can be obtained at once the total net weight, the total gross weight, 

the standard cost of material and hours of labor. Current cost is obtained from the above 

by factors. 
Similarly, the proper size of the condenser may be determined, and reference is made 

to the weight and cost folder which contains a list of condensers advanced by intervals 

of 100 square feet. This is accomplished by increasing or decreasing the length of the 

condensers actually constructed. The weights and costs are carefully calculated from bills 
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of material, actual casting weights being used for gross weights and scale or calculated 

weights for net weights. 

The principal weight factors for propellers are the diameter of the tail shaft, diame- 

ter of propeller, and area of developed surface. In determining the developed surface, the 

indicated thrust-per-square-inch method was adopted, using the information as published 

by Admiral Dyson, together with the actual practice used on merchant ships. 

Similar methods can be applied to nearly all other jobs, such as forced draft systems, 

boilers, stacks, uptakes, lagging, shafting, auxiliary condensers, feed water heaters, refriger- 

ating plants, and even tools, instruments and spares. 

While the machinery jobs lend themselves better to standardization, similar methods 
may be applied to the hull jobs, and a few of these will be described. 

The determination of the weight of the structural hull resolves itself into two opera- 

tions: First, the determination of surfaces and lengths according to the dimensions and 

model; second, the determination of unit weights for those surfaces and lengths. The sur- 

faces and lineal dimensions can be determined directly from a series of standardized lines 

somewhat similar to those described in the very instructive paper by Mr. A. J. C. Robertson, 

appearing in the Transactions of 1920. These standardized lines were developed by making 

use of the experiments of Naval Constructor McEntee appearing in the Transactions for 

1919, and also from the various other model experiments. Investigations were also made re- 

garding wetted surface formulae in order that the wetted surface for any particular model 

could be quickly and accurately determined. Taylor’s formula was adopted as being the 

simplest formula, the accuracy being dependent only upon the accuracy of the coefficient. 

A series of curves of coefficients has been developed so that for any length, for any breadth, 

for any draught, and for any block coefficient, the surface coefficient could be obtained within 

the desired degree of accuracy. 

The results of the standardization of lines have been incorporated in a folder with type- 

written instructions so that a complete set of lines can be at once drawn up for any condi- 

tion without fairing, or that a particular cross-section can be obtained without the use of a 
set of lines; also, that the areas of any particular cross-section to any height and the girths 

of any cross-section to any height can be obtained without the necessity of drawing lines or 

that the entire surface can be obtained by a simple calculation. 

The unit weights are established by the classification society under which the vessel is 

constructed, and tables of coefficients have been established for laps, butts, straps, rivets, etc. 

In joiner work standard drawings are made for the various items of portable furniture, 
such as berths, lockers, transoms, etc., and the number of board feet of lumber of various 

kinds, together with the amount of hardware for each of these items, have been tabulated. 

The various kinds of bulkheads and joiner decks have been standardized for dimensions and 

the quantities reduced to lineal or square-foot basis. The quantities for complete pilot houses 
and rooms for the various officers have been tabulated, so that it is unnecessary to make 

these detailed calculations for each estimate. 

The work of standardization is performed during the intervals between estimates, and, 
when once started, the time saved on jobs already standardized can be utilized for further 

standardization. It is believed that the time-saving element and the uniformity and accu- 
racy of results well warrant the labor expended; certainly, after the standardization is com- 

plete, the time required to prepare an accurate estimate is very much reduced. 
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DISCUSSION. 

THE PRESIDENT :—The paper on “Cost Accounting and Estimating’ embodies the result 

of a great deal of experience. Mr. Schulze quite naturally, but quite incorrectly, thought 

that the chairman was referring to various meetings which he himself had with the chair- 

man, in the chairman’s official capacity as a naval officer. That thought was not at all in the 

chairman’s mind. What the chairman really referred to was the very difficult task through- 

out the period of the war of determining equitably and with reasonable accuracy the actual 

amounts of money which the naval department had contracted to give to those who were 

engaged in the naval construction program, the total costs involved approaching very closely 

to $1,000,000,000. It was that particular class of work which the chairman had in mind, 

and all of us have learned a great deal about costs, especially overhead costs, during the past 

five or six years. We will be glad to hear any comment upon this paper contributed by Mr. 

Schulze. 

ProFEssor HERBERT C. SapiteR, Member of Council:—I think that Mr. Schulze has 

given us a very clear and concise method of procedure for getting out estimates, and on that 

I have no criticism to make at all, but I do feel that the value of the paper would be 

greatly enhanced if he could see his way to give us the values of some of the coefficients he 

refers to. (Applause.) Perhaps I am asking a little too much, but it seems to me that 

in the long run everybody is going to gain, if they are willing, up to a certain point, to give 

information that may appear somewhat confidential. I think the profession as a whole 

will gain because there is an incentive for the next man also to give his experience and data. 

I think that any of us who have done estimating know that it is an extremely valuable 

thing to have a few coefficients, even though they do not apply exactly to the case we have 

under consideration, as a basis from which to start on our own estimate. I just throw that 

out as a hint, because in his last remarks Mr. Schulze mentioned that he would be glad to 

show us some of his information. If he would include that in an appendix to his paper, 

I think it would be very valuable. (Applause.) 

Mr. Joun T. DatcHer, Member:—The paper in question is one that has particularly 

appealed to me, and its importance is readily recognized in view of the large evolutions 

regarding cost of manufacture through which we are passing at the present time. 

The chief function of the estimator is to work out as accurately as possible the factory 

cost of a proposed ship based on previous cost records obtained from the accounting depart- 

ment. Where such records are not available the estimate is based entirely upon previous 

experience and good judgment of the estimator, and it is therefore quite apparent that his 

qualifications must be based on a sound training in the shipbuilding field and, if it covers 

both theoretical and practical knowledge, is so much more advantageous. 

Having in view the fact that cost records vary in the different yards due to variety of 

methods and labor conditions, the estimator must be guided primarily by these records, and 

if none are available his judgment must be based on general conditions of the particular 

shipyard. 

Although the primary function of the accounting department is to furnish information 

to the management, the fact should be emphasized that the more accurate the data turned 
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over to the estimating department the more accurate and reliable the estimates will be. A 
general tendency of the accounting department has been to neglect this item, and it is to be 
hoped that in the future more attention will be paid to the return costs both from the heads 
of departments in the yard and the accounting department, so as to render the basic informa- 
tion for the estimating department more concise, 

As is well known in shipbuilding practice, the time allowed for an estimate varies to suit 
circumstances, and it is therefore essential that the estimator be prepared to make a quick 
and reliable estimate based on information usually available in the form of specifications. 
If these are not available or if they consist only of a meager outline, it is to be recommended 
that, whenever time permits, they be accompanied by an outline specification upon which 
the actual estimate is based. 

In order to render a quick and reliable estimate the method of computing curves to 
cover the cost of the various details such as piping systems, etc., is essential. They are gen- 
erally based on a standard practice in force at the particular yard, and if the specifications in 
question demand a higher or lower type of vessel the points on the curve will be chosen 

accordingly above or below. 
The efficiency and standard of an estimating department is directly based on the amount 

and quality of information in the form of tables and curves on hand, and the methods pro- 
posed to attain that end by Mr. Schulze are to be highly recommended. 

Mr. T. M. Cornsrooxs, Member (Communicated) :—This paper is very interesting 
to one who has spent a number of years in developing a similar scheme for estimating and 

who was enabled to develop a system at Sparrows Point which was very much on the lines 
laid down by Mr. Schulze. 

It has always impressed me that, considering the magnitude of the undertaking and 

the large sums of money involved, there had been no definite attempt made, until a few years 

ago, to properly analyze costs and to work up factors which would be valuable for estimating 

purposes, so that an estimate could be quickly and accurately made. The old rule of 3B or 

the “guess method” was used by most estimators and the wonder is that, considering such 
crude methods, the yards were able to exist. 

The scheme which we used was to analyze every ship which had been built, both to 

determine factors for estimating the materials involved in a ship of similar design and for 

labor involved, also to tabulate all standards, such as side lights, deck scuttles, valves, fittings, 

flanges, furnace fronts, etc., so that an estimate of materials could be worked up very quickly 
or the costs entered per unit. 

We analyzed the returned costs of each ship as completed by first checking the materials 
as charged on the drawings and orders and then from this analyzing the labor cost on the 

unit basis. We found in some cases it was necessary to use an empirical formula which we 

tested out on a number of different types before adopting as a standard. This applied 

principally to such matters as painting steel hull and other kindred jobs. 

In analyzing the labor costs we used both the hour and dollar costs as a unit, as we 

found that in ordinary times when the wages did not fluctuate it was much quicker to use 

the dollar unit, and when wages began to fluctuate, due to the late disturbance, it was neces- 

sary to use the hour unit rather than the dollar. We were also able by this method to de- 
termine the effect of overload and underload on the various shops and to have some judg- 
ment as to the most efficient condition for the different shops. 
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In addition to the value derived for the estimator from this analysis there is another fea- 

ture which is not touched upon by Mr. Schulze but which the writer has found to be extremely 

valuable; regardless of the difference in the design, by comparing the unit hour or dollar cost 

of various ships we were enabled to judge the efficiency of the various trades on the various 

contracts. One point which I have mentioned is extremely important in any analysis, and 

that is to determine first that the base figure, such as the amount of material which is charged 

to a contract, is correct; otherwise the unit is of no value whatever. This, we decided, re- 

quired the service of an experienced designer who could take the return weights and check 

the same by the original design and the orders before using it as a base. 
For the factors used in determining the coefficient to be used in working out the hull 

steel weights we had our line man, who worked on the marble slabs, determine this as part 

of the job of laying down and fairing the lines so that our data were always up to date. 

From the prices which are quoted by some shipbuilding companies at various times, 

it would appear that some of our shipbuilders are still using the antiquated 3B method. 

Too often the attitude of the accounting division is that the accounts should be kept 

in such shape as will satisfy their own requirements only. This is a very serious mistake. 

To secure full advantage of the money spent in keeping costs they should be so kept that 

the management can always analyze them and determine the efficiency of the various de- 

partments, also the various designs. This can easily be arranged without going into too 

many small detail divisions. 

In regard to comparing costs and data from different yards, there is no standard sub- 

division of costs in use. For instance, some yards keep the steel hull complete, including 

cargo ports, hatches, doors, etc., in one division, while others keep only the main struc- 

ture in one item and lump the doors, hatches, etc., in with other miscellaneous fittings. 

Tue PresipENT :—Is there any further discussion? If not, we will ask Mr. Schulze to 

make his rejoinder, covering the remarks which have been made in the discussion. 

Mr. ScuutzeE:—In regard to Professor Sadler’s remarks, one object of the paper was 

to place before the various shipyards, particularly the later ones, the methods which have 
been adopted by the larger yards, in order that they may profit thereby. It is one of our 

objects to have the bids as nearly uniform as possible, based upon the actual conditions which 

exist at that yard. Too many bids have been put in upon the erroneous assumption that 

they might be able to do something better than they could, and probably forgetting an item, 

and one of the objects of this paper has been to let the other yards know the system we 

have adopted. ; 

The actual coefficients themselves would hardly apply to other yards, particularly those 

relating to costs. The weights themselves are a design factor, which would be very valu- 

able, but I would hardly feel at liberty to place the actual figures officially before the Soci- 

ety. If, however, any member desires to see the details of the methods which are pursued, 

I would be glad to show them to him. The coefficiencies of weight depend on the particular 

boat. 

I might inject here that, in some of the previous papers presented, it has been remarked 

that the architect puts in these fancy items. I think almost everybody who figures on a boat 

desires to figure it as cheaply as it can be done, and these requirements are generally the 

owner’s requirements and not the architect’s. We try to figure the boats as economically as 
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possible. We do not figure on nickel piping where we think the owner will stand for the 

galvanized piping, but we have to contend with the specific requirements of the owner, and 

we know that in certain cases some owners will require a higher grade of finish than others. 

I desire to disabuse the minds of the members that the architect of his own accord puts in a 

higher grade article than he thinks the owner is willing to pay for. 

THE PresipENT :—Mr. Schulze’s comments are very pertinent. As to the coefficients, I 

imagined he would not be in a position to give you much help in that direction, because the 

method of keeping costs in nearly all the yards is quite different. 

I take this opportunity, on behalf of the Society, to thank Mr. Schulze for his very com- 

plete and interesting paper. 

Paper No. 12, entitled “Calculation of the Transverse Strength of Submarines by 

Marbec’s Method,” by Professor William Hovgaard, member of the Society, is next on the 

program. In the absence of Professor Hovgaard, the paper will be presented, in abstract, 

by Professor Sadler. 

Professor Sadler presented the paper in abstract and at its conclusion said: 

“A paper like this will cause very little discussion as it is beyond some of us, but I 

would like to point out the fact that a fundamental investigation of this kind cannot be other 

than of great benefit in advancing our knowledge of the stresses that will possibly occur in 

structures of this character, and in the end a purely practical man will benefit by this rather 

fundamental investigation.” 





CALCULATION OF THE TRANSVERSE STRENGTH OF SUBMARINES 

BY MARBEC’S METHOD. 

By Proressor WiLLiAmM HovcAarp, MEMBER. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 

in New York, November 17 and 18, 1921.] 

The French naval constructor Marbec in 1905 contributed an essay on “Dilatation des 

Tuyautages” to Mémorial du Géme Maritime, in which he dealt with the strength of closed 
elastic rings of uniform section and of relatively small transverse dimensions by a method 

based on the fundamental work of M. Maurice Lévy. In Bulletin de l’Association Technique 

Maritime for 1908, in a paper entitled “Théorie de L’Equilibre d’une Lame Elastique,” he 

developed the method further and applied it not only to a simple closed ring but also to arches. 

The method was for the first time, I believe, explained in English by Marbec himself in 

1911, when he read a paper before the Institution of Naval Architects, “Notes on the Col- 

lapsing of Curved Beams and Curved Elastic Strips”; and in 1921 Mr. W. R. G. Whiting 

published the results of an application of the method to elliptical forms in a paper, “The 

Strength of Submarine Vessels,” read before the same institution. In Germany Marbec’s 

method was explained and applied to arches by Dr. Rudolph Mayer in Zeitschrift fiir Mathe- 

matik und Physik, 1913. 

I shall endeavor to explain the method as briefly as possible, without following all the 

interesting side issues of M. Marbec, including only the steps necessary to an understand- 

ing of the method and its intelligent application to problems occurring in the design of closed 

frame rings, and more’ especially of frames in submarines, in cases where the resultant effec- 

tive forces can be assumed to be equivalent to a uniform pressure all around the circumfer- 

ence. The proof here given is direct and simple and is essentially that given by Dr. Mayer. 

The method of application I have developed into a form which I believe is suitable for 

practical purposes and is exemplified in the accompanying plates. 

Marbec’s method is based ultimately on the same fundamental formula as that used in 

my work on “Structural Design of Warships” in the treatment of the closed frame ring: 

UL 
d0=—, (2) 

where a6 is the change in curvature. Marbec also makes use of the same equations of con- 

dition based on the principle of continuity. This must necessarily be so, but in determining 

the unknown bending moments and reactions Marbec follows a different path and by an ele- 

gant graphical method arrives at a solution which exhibits the results in such a form that it 

is easy to visualize the general distribution of the moments and reactions. The method ap- 

pears to be simpler in application than any other, but, as I have not had an opportunity to 

compare it thoroughly with other methods, I am not certain that it is in all cases and for all 

purposes superior. 

The reason why Marbec’s method has not become better known than it is today, ten 
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years after it was explained in the Institution of Naval Architects, is probably the abstract 

form in which it was then presented. 

Mr. Whiting’s presentation of the method is brief and cannot well be understood with- 
out a study of Marbec’s papers. 

Marbec deals first with an independent closed frame ring of any form and of varying 

section subject to a uniform pressure, external or internal. 

Referring to Fig. 1, let p be the pressure per unit length of the ring. The con- 

tour line represents the neutral axis, which has a total length, measured along the girth, 

L. At any point A all the molecular stress forces acting on the section can be represented 

by a resultant force R.4 and a couple M4, but the same result would be obtained if the force 

R,4 were acting parallel with itself at a certain distance from P but rigidly connected with 

the ring so as to produce the same reaction and moment in the section. In that case we 

might imagine two equal and opposite forces R4 to be acting at P, of which one might be 

conceived as a free direct force, the other as forming a couple M4 together with the force 

acting away from the point P. Ry, is called by Marbec “the internal resultant” (Ja résul- 

tante interne). 

The frame ring is characterized by its form and flexibility. The flexibility e at any 

point is such that the change in curvature produced by a bending moment M is equal to 

eM. Hence, according to the elementary theory of bending 

es 
JEN 

being the change of curvature due to a bending moment of unity strength. Put 

eds=dm 

and conceive the flexibility as a sort of density, then dm may be considered as the mass of 
the elemental arc ds. We may now by integration determine the total flexibility mass of 

the ring: 
L 

m= {dm 

and may find its center of gravity, G, as wellas its moment of inertia with respect to any 

axis just as in the case of actual masses. 
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Let GX and GY be the principal axes of inertia, then 

L E L 
Hi x dm=o, f y dm=o0, i xy dm =o (2) 

The following abbreviations are adopted: 

{ @dm=izm ff xdm=iom f c+y) dm = fo dm=t,*m 
Pe a : Z (3) 

f (27 +57) x dm = f —” x dm=zi;, M, f (x +9") ydm= f p ydm =23, MW 

All of these quantities are multiples of m, p is the vector from G to any point on the 

ring, i, and i, are the radii of gyration of the ring respectively about the axes GY and GX 

and 1, is the radius of gyration about an axis through G normal to the plane of the ring, 

tp m being the polar moment of inertia about G. The expressions 13,m and i3.m are a 

sort of product-moments of inertia. 

At any point A there is acting the internal reaction R4 and the bending moment M4. 
Ra has the components R4, and R4,. These unknown quantities are determined as usual 
from the equations of conditions: 

1s Lé, L 

f M dm=o, f M (ya — y) dm=o, f M (%4 — x) dm=o (4) 

where +, y are the coordinates of a running point P. 

At any such point P we have: 

M= M4 + Ray (44-%) + Raz (ya-9) -2 (x4 AX4X + +947 -2V4y +9") 

M=M4 + Ray (%a-—%) + Raz (Ya-y) - é. (p47 + 9° — 2% 4% — 24) (5) 

Substituting in (4) and carrying out the integration, we find, after suitable transfor- 
mations: 

Z 3 

Raz=p (4 a =e) (6) 
2lx 

ee) (7) 4 24,7 

feat Fie = 6 and ab =a (8) 
2bx 22, 

3" Raz =p (ya a b) (9) 

Ray = p (%4— 2) (10) 
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Further, we find from the first of equations (4): 

és = (2. — pa? + 2aX%4 + 2by4) (11) 

Add to this the identity: 

2 +o @-b) =0 

WS LG; +0+4+ 6 —9,?— a — 0 + 2ax4 + 2by4) 

But 7,2 + a’ + b* is the square of the radius of gyration 7,, of the ring relative to a 

point O which has the coordinates a and b in the coordinate system, GX, GY. 

Hence: 

Ue = ae te ap ae (12) 
and 

Wes LG3- pa’— a?— 6° + 20ax4 + 2644) (z1’) 

Draw a circle with radius 7, and with O as center as shown in Fig. 2. This circle is 

PaGARes: 

lat Nodal Cinck 

the circle of polar inertia. Join OA and draw AT normal to OA to cut the circle at T. 

atinesn OVP -1e, eel IP ane OT 
and 

OA = (04-4) + (ya-b)' =p + at + 8 — 20%4— aby, (13) 
If we call the radius vector from O to any point on the neutral axis r we have: 

OA = Va 
Hence: 

ATP = to — Va" 

Substituting in (11’), we find that: 

Wh 2 AG = 2.642%) 
2 2 
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or, generally, at any point: 

m=2 (3-7) (14) 

‘Neutral T. 

If A is outside the circle as in Fig. 3, draw a tangent AT to the circle and join OT. 

Then: 
2 2 

ATE = (OVA TEN aie 

but r4 = OA has the same value as when A is inside the circle and as given by (13). Sub- 

stituting in (11’) we find: 

Pe Bae 
2 2 

Hence the bending moment is again found by the formula (14), but is of a sign opposite to 
that when it is inside. In either case the bending moment is equal to the product of one-half 

the fluid pressure and the “power” of the point under consideration relative to the circle of 

polar inertia. 

At the points of intersection between the frame and the circle the bending moment 
changes sign, its value is zero, and there is no change of curvature. These are points of 

inflection or nodes, and, since all the nodes must lie on the circle of inertia, it is also called 

the “nodal circle.” 

The resultant of R, and R, at any point is R. 

R= Re + Ry =p (y- 8) + B (x%-a) = £7, 
R=fr (15) 

showing that the internal resultant at any point is in magnitude equal to the product of the 

fluid pressure multiplied by the vector at that point from the center of the nodal circle. 

The direction cosines of the resultant are: 

PB, 2 R = and R = (16) 
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Hence the internal resultant is normal to the vector from O to the point. The distance z of 

the internal resultant from the point under consideration, being the leverage with which it 

acts in producing a bending couple, must be such that 

p _2 2 + (2,'-4 p 
eae i aa (17) a = 

aie pr 2r 2r 

Thus the resultant acts along the radical axis of the point and the circle. The envelope of 

the internal resultants forms a funicular curve, which, when the pressure surface is of cir- 

cular section, forms a circle concentric with that surface. Summing up we arrive at the fol- 

lowing conclusions: 
1. For a ring of any form and flexibility, when subject to a uniform fluid pressure, there 

exists an important circle called the “nodal circle.” 
2. Its center O has the coordinates + = a and y = 6 referred to a system of coordinates 

with origin at the center of gravity G of the flexibility mass of the ring and with axes co- 

inciding with the principal axes of nee of the ring. The coordinates of O are found from: 

Sf ato oe pote 
rch sexe 

af edn a8 i ie 

and the radius of the circle from: 
ty ay ae nn @ Je 3? 

where 7, is the radius of gyration of the ring with respect to G asa pole. 

3. For any point in the ring with vector 7 from the center of the nodal circle the internal 

resultant is given by R = pr and R is acting normal to the vector along the radical axis of 

the point and the circle. 

4. The bending moment at any point of the ring is equal to the product of one-half the 

fluid pressure and the “power” of the point relative to the nodal circle and is always found 

from: 

=2 (ay - 7) 

SPECIAL CASES. 

We assume again the pressure to be uniform. 

If a ring has two axes of symmetry both as regards form and flexibility, aehoaeth the 

flexibilities may not be uniformly distributed, the center of the nodal circle will coincide with 

the center of gravity—O coincides with G—since in that case ii p xdm and f p ydm 

and hence a and 0 are zero. Ifa ring has only one axis of symmetry, say the Y axis, as 

generally is the case in submarine vessels, O will be in this axis, a will be zero and only b 

needs to be calculated. 
When the neutral axis is a circle, although, maybe, of varying flexibility, it can be 

shown that in case of relatively slender frames, whatever the position of G, the center of the 
nodal circle O will always be in the center of the circle formed by the neutral axis. In this 
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case the radius of the nodal circle, which is the radius of gyration about O as a pole, must be 

the same as that of the circle of the neutral axis. Hence the bending moment is everywhere 

FIG. 4, 

Neutral Axis 
and 

Nodal Circle 

zero. For instance, in Fig. 4 the center of gravity of the ring is in the vertical axis but 

above the center of the circle formed by the neutral axis, while O is found in that center and 

hence M is everywhere equal to zero. This is important, because it shows that it may be pos- 

sible by proper construction to reduce the bending moments very considerably in noncircular 

frame rings by so designing them that the neutral axis shall be circular or nearly so. Actually . 

the bending moments would not be exactly zero, because the pressures referred to or projected 

on to the neutral axis would not be uniform, but by proper adjustments it should be possible 
to reduce the bending moments to a minimum. 

If a portion of a ring with circular neutral axis is entirely inflexible, we have « =0 
for that portion, but it is still true that the center of the nodal circle coincides with the center 

of the circle formed by the neutral axis and the bending moments are zero. This case 

FRUGIRSE BGG: 

Neutrat_A 
Nevtral Axis and 

> Nodal Girele 
¢ 

Nodal Circle - 
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occurs, as illustrated in Figs. 5 and 6, where the ends of a circular arch are respectively fixed 

or connected by pin joints to an absolutely rigid structure. In such case we may imagine the 

circle of the neutral axis to be continued through the rigid mass of the foundation. Even 

if the flexibility is quite unevenly distributed in the arches, and the center of gravity does 

not lie in the vertical through the center of the circle of the neutral axis, the center of the 

nodal circle O will still coincide with the center of that circle and there will be no bending in 

the arch. 
It is important to note that the condition for the truth of these statements is that the 

extensibility and compressibility of the ring all around the circle is negligible compared with 

the flexibility. If, for instance, the two points A and vy in Figs. 5 and 6 approach each other 

under the effects of the pressure, the above theorems do not hold good. 

Consider next a noncircular arch fixed at both ends to a foundation of absolute rigidity 

(Fig. 7). Here, again, the fundamental theorem is applicable, simply assigning to each part 

its flexibility. The rigid part Av does not enter into the calculations for G or for the nodal 

circle, since its flexibility is zero. 
If a closed frame ring is hinged at one point A (Fig. 8), the flexibility is infinite at 

BG : . FIG. 8. 

Noda} Cirek 

Nettral Axs 

that point and the center of gravity of the flexibility, G, coincides with it. The ordinates 

of O are determined as usual. The nodal circle passes through A where the bending mo- 
ment is zero and, since 

Z, = 0, we have z, =a + 0’. 

The method is illustrated in Plates 1 to 11. Plate 1 shows the form and structural 

details of the frame system of a submerged body designed for a special purpose and calcu- 

lated to stand a pressure corresponding to a head of 50 feet of water. The following plates, 
which are believed to be self-explanatory, give the calculations. Since the frame is not 

quite symmetrical about a horizontal axis, the example here given is much more involved 
than where there are two axes of symmetry. 

Professor H. H. W. Keith, of the Massachusetts Institute of Technology, has prepared 
Plate 1, and Mr. F. A. Magoun, of the same institute, has prepared the diagrams in the text 

and performed the calculations of the plates. 

a 
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DISCUSSION. 

Tue Presment:—The paper of Professor Hovgaard on “Calculation of the Trans- 

verse Strength of Submarines by Marbec’s Method” is now before you for discussion. The 

Chair by no means wishes to speak irrelevantly, but he desires to refer to something which, 

in a measure, is connected with earlier Transactions of this Society. A paper of this kind 

requires a great deal of work. The incorporation of such papers in the Proceedings of our 

Society is exceedingly valuable for our Transactions are really encyclopedias of naval archi- 

tecture and marine engineering data. I know of many who consult the earlier volumes to 

obtain information which is very important in their later professional work. 

Therefore, while a paper of this kind may not elicit discussion, it is of very great value, 

and I am sure that you will desire that the thanks of the Society be tendered to Professor 
Hovgaard for his valuable contribution. 

ProFEssor Hovcaarp (Communicated) :—I wish to point out that this paper is not 

merely of academic interest. The problem of the strength of submarines is an actual and 
practical problem, as will be admitted by those who have to design such vessels, as also by 
those who have to operate them and whose lives depend on their strength. The calculation of 

transverse strength is of enhanced importance after the introduction of depth bombs, which 

makes it necessary to design submarines to stand the pressures at much greater depth of im- 

mersion than formerly. It is a problem which the designer of submarines cannot escape. 

The method here proposed differs from those previously used in its greater simplicity and in 

being graphical, allowing the results to be more clearly exhibited. The numerical example 

is purposely chosen so as to cover a very general case, 7. ¢., that of a section with only one 

axis of symmetry. Where two axes of symmetry are found, the calculations will be very 

much simplified and the elegance of the method will be more apparent. It is the first time, to 

my knowledge, that a complete numerical example has been given in illustration of Mar- 

bec’s method, facilitating its application in practice. The paper is written primarily for this 

purpose, that is, for direct application in practical work. At the same time, the proof of 

the method is presented in what I believe is the simplest and most direct form. 

lf the best result is to be obtained in the construction of modern submarines, it is neces- 

sary to make scientific calculations in conjunction with experimental tests. In this way the 

Germans effected very considerable savings in the weight of the strength hull of their sub- 
marines during the war. 

THE PRESIDENT :—We have now come to the end of our morning program. Immedi- 

ately after adjournment there will be a brief meeting of the Council. We will now stand ad- 
journed until two o’clock. 

Adjourned. 
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FOURTH SESSION. 

FripAy AFTERNOON, NovEMBER 18, 1921. 

Professor William F. Durand, Professor of Mechanical Engineering, Stanford Univer- 

sity, California, and an Honorary Vice-President of the Society, acting as chairman, called 
the meeting to order at two o’clock. 

THe CHAIRMAN :—The first item of business this afternoon is action on applications 

for membership of various grades which have come in, and been considered by the Council 

subsequently to the action taken on a similar order of business at a preceding meeting. I will 

ask the Secretary to read the names of the applicants. 

AcTING SECRETARY BAXTER read the names of the applicants for membership as 

follows: 
Members (23). 

Andrew J. Birch, Assistant to President, New York Harbor Dry Dock, 32 Pearl Street, 

New York, N. Y. P. O. address, Douglas Road, Emerson Hill, S. I., N. Y. 

M. W. Buchanan, Manager, Factory Sales, Diehl Manufacturing Co., Elizabeth, N. J. 

P. O. address, 127 Monmouth Road, Elizabeth, N. J. 
Joseph G. Callahan, Marine Engineer (Operating), Isthmian Steamship Lines, 39 Cort- 

landt Street, New York, N. Y. P. O. address, 90 Nonotuck Street, Holyoke, Mass. 

Lawrence W. Clark, Technical Staff, Repair Department, New York & Cuba Steamship 

Co., New York, N. Y. 

John H. Conditt, Port Superintendent Engineer, Rio de Janeiro District, U. S. S. B., 

E. F.C. P.O. address, 110, Avenue Rio Branco, Rio de Janeiro, Brazil. 

James H. Davidson, Vice-President, Staten Island Shipbuilding Co., Staten Island, N. Y. 

P. O. address, West Brighton, Staten Island, N. Y. 

Andre Dupont, Administrateur-Délégué des Ateliers et Chantiers de Bretagne. P. O. 

address, 53, rue Viviene, Paris. 

H. J. W. Fay, Second Vice-President and Manager of Operations, Submarine Signal 

Co., 84 State Street, Boston, Mass. P. O. address, Westborough, Mass. 

H. L. Foshee, Chief Engineer, S. S. Aeolus, Munson Steamship Line, New York, N.Y. 

P. O. address, 7110 Ridge Court, Brooklyn, N. Y. 

George C. Fuller, Manager, Marine Sales Department, The Superheater Co., 17 East 42d 

Street, New York, N. Y. 

Walter J. Harsant, Chief Engineer, Pittsburgh Steamship Co., Rockefeller Building, 

Cleveland, Ohio. 

Charles Hibbard, Superintendent Constructor, Lieutenant (C. C.), U. S. N., Lake Tor- 
pedo Boat Co. P. O. address, Lake Torpedo Boat Co., Bridgeport, Conn. 

Harvey F. Johnson, Technical Assistant to the Engineer-in-Chief, U. S. Coast Guard. 
P. O. address, U. S. Coast Guard, Washington, D. C. 

James Foster King, Chief Surveyor, The British Corporation for the Survey and Regis- 

try of Shipping, Glasgow, Scotland. P. O. address, 27 Kingsborough Gardens, Glasgow, 

Scotland. 

James N. Macrae, Consulting Engineer, Marine and Fuel Oil, Apartment No. 3, 105 

Park Avenue, East Orange, N. J. 



FOURTH SESSION OF FRIDAY AFTERNOON, NOVEMBER 18, 1921. 267 

Samuel L. Naphtaly, Vice-President and General Manager, Los Angeles Shipbuilding 

and Dry Dock Co., San Pedro, Cal. P.O. address, 306 Hobart Bldg., San Francisco, Cal. 

Gerald B. Newby, Chief Draughtsman, Los Angeles Shipbuilding and Dry Dock Co. 
P. O. address, R. F. D. No. 3, Box 455, Long Beach, Cal. 

Aubrey A. Ross, Engineer in Charge of Design and Manufacture of Marine Gears, 

General Electric Co. P. O. address, 14 Lakewood Avenue, Schenectady, N. Y. 

Hugh W. Salbador, Lubrication Engineer, The Texas Co., 17 Battery Place, New York, 
N. Y. P. O. address, 9 Post Avenue, New York, N. Y. 

Adolph Starr, Marine Erecting Engineer, Superheater Co., 17 E. 42d Street, New York, 

N. Y. P.O. address, 165 Audubon Ave., New York, N. Y. 

Thos. B. Stillman, Assistant to Manager, Marine Department, Babcock & Wilcox Co., 

85 Liberty Street, New York, N. Y. 

Lloyd Swayne, Vice-President and Consulting Engineer, Swayne & Hoyt, Inc., San 

Francisco, Cal. P. O. address, 430 Sansome Street, San Francisco, Cal. 

William Watters, Surveyor, Lloyd’s Register of Shipping, Philadelphia, Pa. P. O. ad- 

dress, 6545 Torresdale Avenue, Philadelphia, Pa. : 

Associates (9). 

Paul V. Cogan, Engineering Computer, Fore River Plant, Bethlehem Shipbuilding Cor- 

poration, Bethlehem, Pa.. P. O. address, 61 Farragut Road, South Boston, Mass. 

William F, Dunning, Assistant to Manager, Marine Department, Standard Oil Com- 

pany of New Jersey, 26 Broadway, New York, N. Y. P. O. address, Room 504, 26 Broad- 
way, New York, N. Y. 

Herbert S. Fitz Gibbon, President, The New Jersey Asbestos Co. P. O. address, 1 Water 

Street, New York, N. Y. 

Thomas B. Hasler, Hasler & Co., Shipowners, New York, N. Y. P. O. address, ee 

Silver, N. J. 

Thomas J. Kain, Assistant to the Secretary-Treasurer, Society of Naval Architects and 

Marine Engineers. P. O. address, 354 East 28th Street, Brooklyn, N. Y. 

Bror Tamm, Foreman Draughtsman, Geo. Lawley & Son Corporation, Neponsit, Mass. 

P. O. address, 190 Hendrick Avenue, Quincy, Mass. 

Einar S. Trosdal, President, New Jersey Shipbuilding & Dredging Co., Bayonne, N. J. 

P. O. address, Savannah, Ga. 

Edward A. Simmons, President, Simmons-Boardman Publishing Co., 233 Broadway, 

New York, N. Y. 

William M. Wampler, President, Ellcon Co., 50 Church Street, New York, N. Y. 

Juniors (2). 

Roland H. Baker, President and General Manager, General Construction and Repair 

Co., 304 Main Street, Cambridge, Mass. P. O. address, 6 Laurel Street, Chelsea, Mass. 

John W. McCabe, Assistant Superintendent Engineer, A. H. Bull & Co., 40 West Street, 

New York, N. Y. 
TRANSFERS. 

Associate to Member (2). 

Evers Burtner, Instructor in ae Architecture, M. I. T. P. O. address, 81 Laighton 

Street, Lynn, Mass. 

Adolph A. Gathemann, Port pass U.S. Shipping Board, Boston, Mass. P. O. ad- 

dress, Hanover, Mass. 
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Junior to Member (3). 

Theodore G. Grier, Hull Scientific Draughtsman, Wm. Cramp & Sons Ship and En- 

gine Building Co., Philadelphia, Pa. P. O. address, 432 Trenton Avenue, Camden, N. J. 

Kenneth W. Heinrich, Sales Engineer, Auxiliary Machinery, Bethlehem Shipbuilding 

Corporation. P. O. address, 1215 Wood Street, Bethlehem, Pa. 

J. Herbert Todd, Superintendent, Clinton Dry Dock Co. P. O. address, 46 Rutland 

Road, Brooklyn, N. Y. 

Tur CHAIRMAN :—Gentlemen, you have heard these names, which have been read, to- 

gether with a recommendation of the Chair for their election to the various grades as read. 

Mr. Howarp C. Hicerns, Member:—I move that the recommendation of the Council 

be adopted. 

Tur CHAIRMAN :—This motion, if carried, will constitute the election for membership 

of these applicants in the various grades, as read by the Acting Secretary. 

The motion was duly seconded, put to vote and carried. 

Tur CHAIRMAN :—The next item of business, referring to the main order, will be the 

presentation of Paper No. 10, “Design and Construction of Passenger Steamers,” by Mr. E. 

H. Rigg, a Member of Council. 

Mr. Ricc:—I need hardly say, when I prepared this paper, that I had not the faintest 

indication of the momentous proposals that the world would be considering this week. It is 

worthy of note that, while we have the beginnings of a passenger fleet, we are still not repre- 

sented in first-class liners of the Mauretania and Aquitania type, with a single possible excep- 

tion, the Leviathan, which some of us hope to visit tomorrow, but she is unfortunately not 

in running condition. It occurs to me that the limitation of naval armaments proposals have 

opened up a vista of several first-class large 30-knot liners. The question of what to do with 

our battle cruisers is a very interesting one, and I think there is a great deal to be said, if we 

are permitted to say it, in favor of considering the conversion of these vessels into real At- 

lantic liners of 30-knot speed all the way over. I have thought the matter over in the past 

day or two, and while I am well aware that there would be many technical difficulties in the 

way, yet I think if the American traveling public were given the opportunity of patronizing 

such ships as these vessels can be made to be, we will have a real place in the North Atlantic 

passenger-carrying trade. 

Battle cruisers are obviously built on speed lines; the Mauretania, if built on such lines, 

would make 30 knots for the power with which she now gets 26; this, however, would be at 

a materially lower displacement and, by the time passenger comfort had been fully consid- 

ered, would not be easy in a ship of the Mauretania’s length without reducing the passenger- 

carrying capacity to a serious extent. The battle cruisers above referred to, being about 100 

feet longer, will naturally work out to better advantage as regards speed and comfort. 

Mr. Rigg then abstracted the paper and at its conclusion said: “I may add that since 

writing the paper, the American Legion and the Southern Cross have already made records 

between New York and South America. The Shipping Board and the operators, the Munson 

Steamship Line, are to be congratulated, and I will leave it for them to say as to whether 

the builders should share in the congratulations.” 
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By E. H. Rice, Eso., MEMBER oF COUNCIL. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

To one who loves his profession it is hard to imagine a title which opens up greater 

possibilities in the way of a chance to contribute a worth-while paper to our Transactions. 

The subject could well be extended to the dimensions of a large book, so many and so in- 

tricate are the avenues opened up. Without going to such lengths, it will be my endeavor to 

review the field as it appears today to one engaged in the design and construction of such ships. 

Our new merchant marine is replete with cargo carriers of all kinds, except perhaps in 

refrigerator ships, of which there are only a few; it has remained for a comparatively few 

yards to be privileged to build the nucleus of our hoped for post-war passenger fleet in the 

vessels of the Old North State and American Legion classes; a fleet also contributed to by 
captured German ships, reconditioned after the war. 

A paper by Mr. Peskett on the design of steamships from the owner’s point of view (T. 

I. N. A., London, 1914) is well worth reading before commencing a paper such as this. His 

experience has been ample, and his association with a fleet of the first order lends weight to 

his views. His paper opens up to view an excellent summary of the conditions to be faced in 

determining types and sizes. It follows this up by some helpful solutions of given cases, 

particularly considered cases being the historic Lusitania, Mauretania, and Aquitania; in 
other words, the development of the Cunard fleet up to the war. 

The important task of satisfactorily drawing up a typical specification and contract is 

ably covered by the same author before the same institution one year ahead of the above 

quoted paper; this also gives a clear exposition of that particular and important problem. 

The designer of passenger ships, especially large ones, should be familiar with the ground 

covered in both these noteworthy papers; the Atlantic is no barrier to their usefulness. 

The main items influencing a design are about as follows: Number and type of 

passengers; availability and nature of cargo; economical speed; safeguards to be adopted; 

harbor limitations, chiefly draught, but also length; radius of action, distance between ports; 

type of propelling machinery and fuel; climates to be traversed; governmental regulations; 
mail contracts and payments. 

Before any figures can be put together these features must all be assessed and their 

quantities determined. No serious attempt has been made to put them in their relative order 
of importance, but that given above is roughly correct. Governmental and classification 

regulations, being fairly uniform, do not, as a rule, influence designs fundamentally in the 

sense that an American ship would vary greatly from a British or a French one to meet 

similar demands otherwise; there are differences, however, which must be taken into ac- 

count before actual detailed work is undertaken. 

Recent international conferences on tonnage, bulkheads, freeboard, lifeboats and man- 

ning and such matters tend towards a uniform settlement of these fundamentals which is 
altogether desirable. 
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In the opening sentences of this paper, reference was made to the magnitude of the 

task. In order not to unduly lengthen the paper, ocean-going ships will be primarily con- 

sidered, such being the field to which our attention is mainly directed; other types, however, 

will not be neglected. 

OCEAN PASSENGER VESSELS. 

The great problem of today is to design and build ships that can be made economically 

satisfactory; first costs of two and one-half to three times prewar figures, soaring passage 

rates, people taxed to the limit and otherwise hard hit by the greatest calamity of all times, 

unrest and strikes, fleets sunk or in bad shape due to the war, all combine to make a real 

problem for owner and builder. 

There is no doubt that the strike habit, recently, if not now prevalent in the premier ship- 

building country of the world, is driving away repair work and holding up new construction to 

a point where the premiership is coming within measurable distance of transfer; the fact 

that the strike habit is no monopoly of any one country helps to hold matters more in a state 

of balance and im statu quo. 

Whatever may be true of cargo ships—for it is true that the general falling off of 

trade is as much responsible for the lines of tied-up ships as the end of the war and the 

completion of war-building programs—is not true of passenger ships. We are still short 

of these vessels; the lack of new orders and holding up of old ones is solely due to economic 

conditions, high first costs and inability to pay the rates necessarily asked, chiefly the 

former. 

As is shown later, ocean passenger ship design is being influenced profoundly by causes 

arising from the war. 

The economics of general cargo ships have lately formed the subject of several able 

papers. Mr. Robertson recently has contributed two to our Society and four or five such 

papers have been recently read in England and Scotland. With these as a guide, backed up 

by experience—which is always invaluable—it is hard to justify a poor result in the field 

covered. When it comes to passenger carrying we have an extension of the same problems. 

Speed in cargo carrying above 11 knots is not easy of justification in normal cases; it be- 

comes of the essence in passenger ships. 

The method of solution adopted by Mr. Anderson in his 1918 and 1920 papers before 

the London institution can be used in association with detailed knowledge of the passenger 

trade on any given route. In practice, the selection of dimensions and speeds narrows down 

to within close limits in average cases. 

The large number of our recently completed passenger ships which have gone or are 

about to go into Pacific Ocean trade calls for comment. Of the sixteen 535 footers and the 

seven 522 footers, representing a gross tonnage of some 300,000, twelve of the larger and 

three of the smaller have gone into service on the Pacific; of the larger, two are still to be 

allocated, which indicates that the fleets to which allocations have been made are tempo- 

rarily satisfied. The Pacific thus gets 67 per cent of the tonnage, and there are other in- 

dications that our Pacific trade will be large—our interest in China and its development, our 

nearness to her markets compared with Europe. The Philippine and the Hawaiian Islands 

make for commerce with the Pacific coast; our Australian and Japanese trade also calls for 

passenger and freight services. 

Then, too, South American trade presents an opportunity awaiting revived foreign 



DESIGN AND CONSTRUCTION OF PASSENGER STEAMERS. 271 

trade, improvement in the exchange rate from the foreigners’ point of view, improved 
exporting methods on our part and the working out of the recent foreign trade financial 

legislation. 
Passenger ships were ordered in great quantity in Britain following the war; a large 

amount of this tonnage has been suspended or cancelled. This suspended activity gives our 

new ships an opening to get in on the ground floor of the revival, of which signs are now 

multiplying. 

We are struggling with a shortage of trained personnel and with some poor engineer- 

ing due to rushed war conditions; the ships in service have not been without troubles of 
their own. They will get over those troubles or they will lose the trade to their British 

and Japanese competitors. Time and tide wait for no man, and trade goes to the fellow 

who is there to take it. 
The more one contemplates the situation the more one sees that the hour has struck 

for an America taking her full place in world affairs as compared with an America of splen- 

did isolation. 
PASSENGER STEAMERS FOR SHELTERED WATERS. 

Perhaps nowhere in the world are there such opportunities for lake, bay, sound and 

river navigation as in America. Our transactions contain many full papers on this sub- 

ject, and it would be hard to name one who has contributed more to their design and build- 
ing than has Mr. Frank E. Kirby. The problems are not as complicated as are those of 

the ocean; draught is usually limited, and lines adapted for high speed in shoal water are 

not the same as for deep water. Ports are closer and bunkers carried are lighter; fresh 

water from overboard is often available for boilers, if not for drinking. Cargo is generally 

carried in relatively small amounts, largely on deck rather than below. Fire risks are 

severe in these ships and must be seriously studied and minimized. In rivers and canals, 
bank erosion must be guarded against, and here the experimental tank has come to our aid 

in studying wave making. In some recent Hudson River vessels, in particular, wave mak- 

ing has been notably reduced, enabling greater speed to be maintained for the same erosive 

action or less of such action for equal speed. 

Due to the war, probably, there has been almost nothing built lately in this class which 

calls for comment; with renewed opportunities for such travel let us hope for some new 

vessels to build. The opportunities for design and decoration of extensive passenger spaces 

are considerable, particularly in vessels for lakes, rivers and sounds. 

In the public spaces the large central wells give opportunities for architectural effect 

not often found in ocean liners. 

Many of these vessels in the past have been built with too little beam for satisfactory 

stability results; top decks have been increased or added in order to crowd on more passen- 

gers, the accident point having been found in more than one instance, notably the Eastland, 

in recent years. Some river steamers have found it necessary to set back the rails, thus 

limiting the passengers who can crowd top decks; also in boats traversing water with points 

of interest first on one side, then on the other, water ballast chambers in the wings have 

been fitted so that the engineer can fill the same on the off side and empty it again after 

passing the particular point, such as West Point Military Academy on the Hudson. 

Paddle-wheel propulsion still holds its own for this type; the experimental tank is in- 

valuable for correctly locating the wheel center to avoid disaster due to wave profile and 

wheel not meshing. 
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Paddle wheels have been recently severely put to it to hold their own with screws 

working in tunnels as a means of propulsion for shallow draught vessels. We have also 

seen a revival in proposals made many years ago which looked to the fitting of fixed guide 

blades abaft the revolving blades to recover some of the energy of the propeller race. It 

can be said that tunnel screws have definitely established their claims. 

PASSENGER-REFRIGERATOR TRADES. 

The carriage of meat, fruit and dairy products in cold storage has become a very large 

trade during this generation. 

American, Australian and Argentine fresh meats are now eaten on European tables in 

large quantities, and at the same time the horrors of the live cattle trade are a thing of the 
past, thanks to refrigeration. Tropical fruits are enjoyed in northern latitudes in increas- 

ing quantities. 

Perhaps the chief feature which leads to the passenger-refrigerator ship is the speed de- 

sirable for refrigerator ships—the less time on the voyage the better. Also, these cargoes 

are bulk rather than deadweight cargoes, which means that larger ships are needed for a 

given weight. Both these considerations lead to the desirability of increasing the revenues by 
carrying mails and passengers. The great white fleet of the United Fruit Company, one of 

our strongest and best managed lines, is undoubtedly a good illustration of this. 

There are also some large meat carriers fitted with accommodations for passengers, a 

valuable revenue being derived therefrom to pay for the speed in excess of 11 knots, about 

a cargo carrying economical speed limit for vessels of moderate to large dimensions. 

TREND OF DESIGN; OCEAN PASSENGER SHIPS. 

As an indication of this, the following classes of ships designed in part and estimated 

on, since January, 1918, by one large shipyard in this country, may be of interest: 

Length between 
perpendiculars, Cabin 

feet. Speed, knots. passengers. Deadweight. 

400 15 100 4,350 

600 18 1,460 15,000 

450 23 410 3,700 

500 16 250 9,000 

550 1534 1,830 8,650 

475 144 445 5,530 
360 13% 50 4,100 

450 16 255 6,000 

400 15 200 3,900 

Several of these ships had third-class and steerage passengers in varying numbers, 

these quarters were portable to a large extent, so only the first and second-class quarters 

and permanent third-class cabin accommodation have been listed above, thus giving a bet- 
ter guide to the characteristics of the vessel. In the 600-foot ship, accommodation for 700 
third-class passengers in permanent cabins is included; also in the 550-foot ship 1,160 such 

third-class are included. The list thus gives the real cabin accommodation, whether first, 

second or third. 
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The 23-knot ship was primarily intended for a coastwise run, but also for transpacific, 
so that she is correctly rated as an ocean-going ship, though whether the full 23 knots would 
be maintained on a deep sea run is problematic. 

The average length works out at 465 feet, a very modest figure for nine typical pas- 
senger ship designs, and, omitting the 23-knot ship, the speed averages 1514 knots. It 
would seem fair to regard the high speed of 23 knots in a 450-foot ship as quite exceptional. 

It is worth noting that 151% knots is quite modest for a 465-foot ship and that it checks up 

with the tendency noted above. These ships are uniformly of the shelter or shade-deck types 

with ample superstructures amidships and generally with forecastles. 

Fully half these inquiries were from foreign owners, an encouraging sign. 

Besides the above listed vessels, other inquiries not involving detailed design work 

were received; they lined up well as to type with those given and do not change the indica- 

tion of the trend. 

As regards proportion, the old and lingering tendency to narrow beam is at last giving 

way; it is not going fast, but it is yielding to two influences; the old ship that capsizes 

when handling light in harbor, unless ballasted, evidently is a nuisance, and has plagued a good 
many people. The war has served to emphasize a tendency already to be seen by those on 

the inside, and that is to give more metacentric height and listen less to the discomfort of 

passenger talk that was so prevalent. 

A live passenger is worth several dead ones, even if he were fractionally more seasick 

than the comfortably drowned ones. Personally I feel that you have to go to metacentric 

heights far higher than the prevalent 18 or 24 inches in order to get appreciable discomfort; 
in other words, get all the data you need by studying stability and rolling features in success- 

ful ships, then adopt a G. M. about twice pre-war standards and you will have a ship that is 

not too stiff. I cannot claim enough seagoing experience to dogmatize too strongly, though 

I do believe that the talk of discomfort has been overdone, having been to sea a little in 
almost all kinds of vessels, principally with high G. M. 

The other cause leading to more beam is the finding by Admiral Taylor and other 

investigators working in the experimental model basins, to the effect that more beam can 

often be given a ship and enough coal saved by fining up (for the same deadweight) to pay 
for the little extra steel weight generally involved. 

In other words, the bugaboo of narrow beam is under investigation and is getting to be 

in a bad way. It must, however, be noted that stability considerations due to the flooding 

of a damaged ship point to caution in increasing beam. 
War experience has given us a large volume of data concerning the behavior of fooded 

and sinking ships, and this, intimately associated with subdivision lessons, will ultimately 
give us safer all-round ships. 

An interesting group of papers bearing on the subject of this paragraph was read at the 

engineering conference in London last summer; the size of docks and ships was discussed, 

also cargo handling facilities. What is said elsewhere as to the future of the large liner, 

written by the author prior to the reading of a summary of these London papers, is borne 

out; after the passing of present difficulties, these authorities look for the return of the large 
liner, advocating dimensions for docks of 1,150 feet by 130 feet by 45 feet. 

‘BULKHEAD SUBDIVISION. 

This subject has been very much to the front since the spring of 1912, when the world 

was shocked by the disaster which befell the Titanic. Our own transactions, as well as 
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those of the Institution of Naval Architects, have been favored with many able papers on the 
subject; lessons of the war are now at hand, so that detailed treatment of the subject is neither 

necessary nor does it properly belong in this paper. As the question stands today we have 

the results of the international convention to work on together with the British Bulkhead Com- 

mittee’s Report, followed up by such papers asthose of Abell, Benvenuti, Chamberlain, Denny, 

Dickie, Donald, Finlay, Foster-King, Gatewood, Hovgaard, Lovett, Orlando, Robb, Wall, 

Webster, and Welch. As several of these gentlemen have contributed two or three papers, 

it is obvious that the above list contains much valuable data. We also have governmental and 

classification society instructions to guide us. 

The war has taught us that a spacing of 40 feet is about the minimum desirable to cover 

war risks, as a closer spacing gives torpedoes a good chance of blowing out two bulkheads at 

one explosion. 

There has also been considerable discussion concerning the merits of the one, two, or 

three-compartment design of ship, compared with the factorial grading of subdivision. 

Before the convention is finally adopted, it appears quite safe to say that a review of the 

whole situation is in order. Passenger ships should, by common consent, be made safer 

than the “pre-Titanic” regulations required, and already much has been acomplished along 

these lines. 
Our Pacific coastwise passenger steamers should have more attention in respect to bulk- 

heads. A rockbound and apparently foggy coast has given us two major accidents this year, 

the Governor and the Alaska; these vessels were both built before 1912. These acci- 

dents have been preceded by others of a similar nature in past years. 
The accounts, as we read them in the east, generally run about the same as to the speed 

at which the ships go down and the by no means light casualty lists which follow their going. 
It is not intended to cast any reflection on Pacific coast navigation. Here we have vast 

extents of sandy shores which eliminate the rock-hitting risk, except in the north; also the 

danger spots are better known, due to longer acquaintance. The casualties on a rockbound 

coast are bound to be more severe and sudden, which is another way of saying that we 

should pay more attention to efficient bulkheading. 
It is proven that good bulkheading will save many a ship altogether, also that the ones 

it does not finally save it will often keep afloat for hours and thus give full time for rescue 

work to be made effective. 

ONE-CLASS LINERS. 

As it has developed since the war, this is a relatively new idea and one which has much 

to commend it; on a large, high-speed liner the de luxe accommodation very naturally and 

properly occupies the best of the available space. Second class is generally aft and quite 

limited as to public rooms and promenades. Third class comes in below first, and the forward 

deck is the airing space, this being frequently so airy that none but ablebodied seamen can 

navigate with safety. 
What better way to solve the problem than to carry the passengers willing to pay the 

rates on the larger and faster mail steamers and to give the benefit of the best parts of other 

ships to people willing to pay cabin rates for passage in slower ships, run at lesser operating 

costs and carrying relatively more freight. The idea works out well in connection with the 
moderate sized ships built since the war; it gives greater flexibility in operating fleets, tal- 

ing care of seasonal changes in business conditions. 
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The Cunarder Albania is a case in point, she being a postwar ship and destined for the 

North Atlantic service, the home waters of the de lure. liner. 

It should be noted that vessels carrying top-rate passengers only are not here specially 

referred to; needless to say such ships are neither new nor rare, the old Atlantic Transport 

Line between New York and London being a good example. 

If ocean travel is to get back to prewar peace and comfort, this experiment will be 

watched as one of the means of bringing back in improved form the comfort, and indeed 

the actual chance itself, of traveling to a great many people who cannot afford present first- 

class rates but who still constitute a large body that is only too anxious to travel and will- 

ing to pay fares a little nearer prewar best average rates. 

It should also be noted that the White Star Line has further extended the one-class 

liner idea and have in service the Vedic, a ship carrying only third-class passengers and all 

in cabins; the best parts of the ship are theirs, and there is every facility for self-respecting 
humans to travel in comfort and decency. Several other examples could be quoted, but the 

above will serve. 

The one-class ship, or rather the ship with absent class distinctions, is something that 
deserves to succeed, and let us hope to see it do so. 

Another point which should not be lost sight of is that the one-class liner works in well 

with moderate first cost of ship. In these days the struggle is to keep first costs and passage 

rates in some relation that will stay together in at least comparative peace. With only one 

class of passengers per ship a smaller ship will answer our purpose; it is all available for 

these passengers, and we are going to have less difficulty getting promenades in the open air 

and deck area in the quarters. 

In fact, the one-class ship looks like one shrewd answer to postwar problems. 

LENGTH. 

In 1912 Mr. J. Foster-King presented some very interesting diagrams to the Interna- 

tional Congress of Navigation in Philadelphia. These prewar indications of the trend are 

extremely valuable at this time; the diagrams are produced to 1920 and thus enable perform- 

ance and estimate to be compared. For the largest type of North Atlantic liner, the 1,000- 

footer was indicated; in the Aquitania and Majestic (ex-Bismarck) we find prewar justi- 
fication of the forecast. Coming down to the longest types for general first-class passenger 

service and selecting some fourteen of the most noteworthy post-war designs actually 

launched, we find an average length of 585 feet, the greatest being 650 feet and the smallest 

505 feet—five only being 600 feet and over. Mr. King’s curves gave 775 feet for Atlantic 

liners, excluding the leviathans, and 650 feet for general first-class liners; it is clear that 

the 1912 outlook has not been realized, a point also clearly brought out in several other 

directions; the fact that the 585-foot average includes several Atlantic liners tends further 

to show the reduction, the figure with which it should be compared being intermediate be- 

tween 650 and 775, in a ratio difficult to get at. It seems reasonable to say that large passen- 

ger ships have been shortened by 100 feet from considerations arising out of the war. The 
chief influence at work is the high cost of ships, which makes it a serious question with 

owners as to whether they can charge passage rates high enough to realize on their invest- 
ment without killing the business of passenger carrying by reason of the inability of people 

in sufficient numbers to pay such rates. 
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THE THOUSAND-FOOT LINER. 

Apart from and in extension of the references made to this length of vessel under para- 

graph headed “Length,” some further remarks appear to be in order. As is generally known, 

a committee was formed under government auspices some while ago to look into this question. 

The subsequent long spell of idleness at her dock of the Leviathan, after invaluable troop 
service, is rather a damper‘on 1,000-foot ardor; nevertheless, it remains a fact that a vessel of 

this length was well in sight when the war broke out. At least one design has been seri- 

ously started and pushed to the point of a study of schedules, terminals and rail facilities, of 

a full set of outline plans, of extensive calculations and of detailed lay-out of proposed pro- 

pelling machinery. 
This design contemplated going to Panama Canal lock limiting sizes at one step; it is 

not necessary to say that the two ships would run between New York and London, starting 

and arriving at deep-water harbors at each end and with rail connections to New York and 

London. 

It can be safely said that the engineering features, especially when high tensile steel is 

used, present no difficulties which cannot be met. The problem is one of economics entirely. 

Is the route able to support such liners without government aid in some form? If not, what 

justification can be advanced for claiming such aid? 
We can, as shipbuilders and engineers, say that, as far as our profession is concerned, 

we stand ready to furnish the ship and her propelling machinery just as soon as other con- 

siderations justify such a vessel. As a matter of record and interest a few particulars of 

the design as it stood in its earlier stages may be of interest: 
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The propelling machinery at first contemplated was electric drive; with the large battle 

cruiser Hood at sea, the path has been opened to the full consideration of the claims of a 

geared turbine drive. 
The oil fuel required for a round trip is in the region of 11,000 tons. This would be 

too much for the ship to leave this side with; the answer would be to leave here with oil for 

the trip over and half-way back, taking in oil for the other half of the returning voyage on 
the other side before leaving. At full load this vessel would have a total deadweight of about 

12,000 tons. There would be no freight as is generally understood; mail, bullion and express 

matter, yes; also such small consignments of special freight that could be handled during the 

time necessary to refuel and reprovision the ship at each end. 

In the early days, when this length was first proposed, the scoffers, technical and other- — 

wise, were legion. Not so now; technical scoffers at once merely proclaim their ignorance. 

On the financial side there is ample room for hesitation and there the matter must rest for 

a while, to be taken up again as the world recovers from the effects of the war. 
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DEPTH AND DRAUGHT. 

This subject is one calling for special mention. It can be stated at once that the draughts 

adopted for large liners are not those that the naval architect would choose if he had a free 
hand; neither are they the ones dictated by considerations of the limitations of steel as a ship- 

building material. Terminal harbors and canals are the main deciding factors, and while a 
discussion of harbors, existing and projected, is not within the scope of this paper, neverthe- 

less it may be noted in passing that the improvement and deepening of harbors are again 

being taken up seriously, the extensions to the facilities of the port of London recently opened 

being a case in point. The late Sir W. H. White contributed a valuable paper bearing on 

this subject, among other things, to our Society in 1911; Sir J. H. Biles has shown in 

several papers the advantages of increased draught in large carriers, also Lord Pirrie has 

contributed to our knowledge on the subject. In order not to take up space with repetitions, 

the interested reader is referred to these papers and to the report of the Canadian Royal 

Commission on Oversea Communications, dated 1914, an extremely valuable document, the 

importance of which has evidently been masked by the war. Suffice it to say that the eco- 

nomics of the ship can benefit by increased draught up to the point where such increase im- 

poses excess costs on harbor authorities, which would have to be passed back to the ship in the 
form of increased and excessive harbor charges. 

A really first-class harbor should nowadays have a depth of at least 40 feet, and Lord 

Pirrie advocates 45 feet; with such depths and corresponding draughts of about 37 feet 6 

inches to 42 feet 6 inches economics of transport are available. Mr. J. F. King’s forecast in 

1912 referred to above under “Length” is worth noting; his figures gave a 1920 draught 

of 36 feet 6 inches for Atlantic liners and for average passenger ships. The predicted Suez 

Canal depth of 30 feet came very close to being a mean draught for such ships, which showed 

steady increase up to a 25 to 34-foot range. Draught increases relatively and actually more 
slowly than length, it is hardly necessary to say. ; 

The Panama and Suez canals are bound to exercise a profound influence on the draughts 
of passenger liners, the figures for which now stand as follows: 

1. Panama.—A minimum depth of 40 feet in the canal, with 40 feet in the Atlantic and 

35 feet in the Pacific approaches at mean low water, which means an available draught of 
about 38 feet. 

2. Suez.—At present the available depth is 32 feet and permissible draught is 30 feet; 

the authorities are dredging for 34 feet 6 inches and 31 feet figures respectively. 

It is to be noted that Suez has gradually been deepened by dredging from 19 feet in 

1870 to 32 feet in 1920. 

Liners of the future will probably not be able to avail themselves of all the draught eco- 

nomically desirable, for we are now approaching the region of excessive dredging costs in 

certain harbors. 

Another big factor in restricting draught is the River Plate; many vessels now trading 

there on a 26 feet 6 iriches limit could well have been designed for 30 feet. 

SPEED AND POWER. 

Looking back on the not so distant days when it was necessary to plead the advantages 
of experimental tank work, it is gratifying to reflect on the conditions of today. The last 

decade has witnessed a decided modification of attitude. 
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In addition to resistance and estimated horse-power curves, the experimental work now 

being done on model propellers, both in free water and behind ship models, calls for 

commendation. This is a field that has been opened up comparatively recently. 

In addition to deep-water conditions, attention is given to shoal-water problems, so 

important in connection with inland navigation. Destroyers at high speed some time ago 

proved that the two forms of navigation were different. I well remember the case of one 

of the last of our coal-burning destroyers; a chart showing the results of some Denny shoal- 

water experiments was on board, but the practical people looked at it askance until they 

tried to get 24 knots, in water entirely too shailow, for the same power as in deep water. They 

knew something was wrong, and finally it began to dawn on them that there might, after 

all, be something to that blandly ignored chart, so they decided to haul off into deeper water, 

with the result that all promptly went well. 
It is also known that lines suitable for deep water are not necessarily good for shoal 

water. . 

Coming to passenger liner speeds, before the war we had reached 26 knots for all the 

way across the Atlantic, this in the Lusitania and Mauretania. In the later Cunarder Aqui- 

tania we see a reduction to 23 knots, while the large White Star boats ran in the neighbor- 

hood of 21. About the maximum for the long routes to the Cape, India, and Australia was 

18 knots. 

Referring to the paragraph headed “Trend of Design,” it is evident that moderate speed 

will be a feature of new construction for a while. Referring to the paragraph headed 

“Length,” the average speed for the fourteen postwar designs for all trades there discussed 

is about 1614 knots with a range of from 14 to 18 knots; it must be noted that in three or 

four cases the speed was not obtainable. It is, however, obvious that speed in representative 

liners has been cut down from that which obtained before the war. It is seen that the evi- 

dence is all for moderate speed, even on the North Atlantic, which is another way of saying 

that this particular route is contenting itself at present, at least as far as new ships are con- 

cerned, with vessels that average up well with those on the general routes of world travel, 

instead of the accustomed 21 to 23 knots of the old days. In the attainment of better results, 

the competition in systems of propulsion does, and will to a greater extent, contribute to a 

lower consumption of fuel per horsepower. The problem is three-fold—lower resistance, 

better wheels, and more economical power plants. The question of inexperienced engine- 

room forces has troubled us lately but should become less prominent as conditions improve; 

men gain experience and faults of design and construction are eliminated. 
The new C. P. O. S. liner, Empress of Canada, completed this year, has a speed that is 

decidedly in advance of the present trend. She will be the largest vessel on the Pacific, ac- 

cording to current reports, being about 120 feet longer than the American Legion type. She 

is announced to have made well over 20 knots on the mile and to be designed for 18 knots 

in service. One report credits her with 25 knots on the mile; if so, the owners are to be 

congratulated on having a vessel which lacks nothing of Atlantic liner standards except 

extreme size. Her entry into the service will be felt among competing lines, who will have 

to look to their laurels; the turn of speed she is capable of will be very useful when it be- 

comes again economically practicable to burn the fuel. 
Speed has an effect on design that is not clear at first glance. The piling up of deck 

houses is a noteworthy feature of many modern vessels. In the next paragraph we discuss 

very high speed liners of warship type as far as dimensions and proportions go. High 
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deck houses would not go well on such vessels; they are one solution of the ventilation 

question that cannot be ignored, for we all like an airy room. There is no doubt that ven- 

tilation plays a big hand in the popularity of a ship; in tropical runs it is of the essence. For 
such vessels all modern advances in the ventilation question will have to be utilized, but 
there is no reason to doubt the ability of the shipbuilder to meet the need, once it is rea- 
lized how great it is; American warship practice has proved that. I believe that, during the 

war, the British paid us the compliment of appointing a committee to study our methods in 

this respect. 
It will mean a few less rooms and larger ducts, fans in duplicate to avoid breakdown 

and a margin in boilers and dynamos over the present practice. 
The claims of the watertube boiler over the Scotch for high-speed ships have made good 

to such an extent that they will feature more largely in future ships. 

THE COST OF HIGH SPEED. 

Apart from the initial cost of the machinery necessary to obtain high speed, the fuel 

bills become very high. For example, consider a 750-foot Atlantic liner of varying speeds 
from 15 up to 30 knots; such a ship would have a beam of about 90 feet and a deep draught 

of 36 feet. Call the voyage 3,000 miles, which gives a round figure close enough for our 

purpose. Remember, too, that as speed goes up cargo carrying ability goes down and 

passengers, mails and express matter become ultimately the sole sources of revenue, out- 

side subsidy. The figures are about as follows: 

Speed Total Cargo Oil fuel, Cost of fuel, 
at sea (knots). S.HP. deadweight. deadweight. one wav (tons). one way. 

15 16,000 29,000 26,500 1,450 $26,100 

20 38,000 23,000 19,400 2,550 $45,900 

25 73,000 14,000 9,000 3,900 $70,200 

30 113,000 BSOO ME ek leo. 5,000 $90,000 

Such a vessel would carry some 600 first, 450 second and 1,000 third-class passengers 

and would be quite big enough for speeds all the way to 30 knots. It is seen that the 30- 

knot ship carries nothing but passengers, mails, stores and bunkers, which is the logical 

outcome of this investigation. 

Oil fuel is figured at six cents a gallon or $18 a ton; a figure which, of course, is sub- 

ject to variation. It would be well to pursue this further, but the above table will show that, 

with cargo capacity falling from 26,500 tons to nothing and fuel costs rising from $26,100 

per voyage to $90,000, the economics of the large ship are not easy. It is clear, however, 

that the greater number of voyages per year for the 30-knot ship must also be taken into ac- 
count. This may be summarized somewhat as follows: 

Days at Days in Days for Passengers 
Speed of Sea, one port, at single Single trips per year, Cargo (tons) 

ship (knots). Way. each end. trip. per year. at 85% full. per year. 

15 8 173 9 17 1/3 17.3 30,270 389,700 

20 6 1/4 yi 13 1/4 22.6 39,550 372,650 
25 5 5 ‘10 30 52,500 229,500: 

30 4 1/6 3 7 1/6 42 PS SOO ag tae ks hey 
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The days in port are somewhat indeterminate, due to uncertainty in time necessary 

to load and unload. The times given are estimates only and are subject to change to suit 

terminal conditions; they should be fairly close. Allowance has been made for docking, 
overhaul, etc., also passengers and cargo are taken at only 85 per cent full, averaged over 

the whole year. 

The compensations coming to the fast boat show up in this table; she will carry more 

than twice the people per year at, naturally, much higher rates per person. 
It is also clear that the 15-knot ship does not deliver enough extra freight to compen- 

sate for the fewer and lower-rate passengers carried. With everything lined up properly, 

the 30 knotter will make twenty-one round trips in a 300-day working year, 1. e., a round 

trip every two weeks. Two such ships, laying off during the two bad months to avoid the 

worst weather, could command the cream of the travel. 

They are not excessive in size, and even if they only make twenty round trips per year, 

due to miscellaneous bad weather and sometimes taking the longer southern route to clear 
ice and fog, such ships equipped for first and second cabin only would each average 45,000 

passengers per year, which at, say, $250 per person comes out at $11,250,000 against a 
fuel bill of $3,800,000, which is not so hopeless. The obvious temptation is to pursue this 

further, but I am afraid that I shall have to refer it to the Committee on the Thousand- 

Foot Ship, due to lack of data on the cost of operating vessels of this size. May I commend 

this 750 footer to that committee as a step well worth considering in our further progress 

towards the solution of the problem of the modern Atlantic liner? 

A recent report credits the Aquitania with transporting a total of over 90,000 persons 

east and west bound in her first full year on the New York run. She is rated at a capacity 

of 3,238 passengers and 23 knots speed, and this is believed to be a record performance. 

The speed stated is for coal burning; under oil she should be capable of about a knot more. 

Comparison with the figures given above indicates that 90,000 passengers transported in 

a year is a very good performance. 

Another interesting angle to the speed question is that of increasing speed in vessels of 

moderate dimensions. Now and then this question comes up; it is well known that speed 

combined with reasonable comfort is associated with size in some way not strictly definable. 

The Mauretania gives us one point, namely, a length of 760 feet and a speed of 26 knots; a 

proportional length for 30 knots would be 1,000 feet. We now want to inquire if such 

length is necessary for this speed. Sir W. H. White held, if I read his 1911 paper correctly, 

that the Mauretania represented the maximum of length necessary for her speed, also the 

maximum practicable speed for the North Atlantic. The Aquitania, which he did not live 

to see go into service, represented an increase in length and a decrease in speed. The later 

Paris represents a decrease in speed on the same length, the evidence thus not being 

conclusive. 
A maximum speed-length ratio of unity has been a general guidance rule for ocean pas- 

senger ships for many years. With lighter machinery, oil fuel and other advances, the speed 

question again becomes one for renewed study and discussion. 

The following table shows the fuel savings possible for high speed, moderate dimensioned 

vessels : 

er - 



DESIGN AND CONSTRUCTION OF PASSENGER STEAMERS. 281 

Length of SH P. at SAP. at 
ship (feet). 25 knots. go knots. 

600 56,000 132,000 

700 64,000 119,000 

800 68,000 131,000 

900 80,500 153,000 

1,000 91,000 163,000 

These figures represent smooth-water powers plus 10 per cent for the 25 knotters and 

plus 15 per cent for the 30 knotters. The dimensions dependent on length follow average 

merchant practice, except that the beam on the 1,000 footer has been limited to suit the 

Panama Canal lock dimensions to 102 feet. 

It is clear from this table that a Mauretania at 30 knots would bear out Sir William 

White when he says that no greater length is necessary. 

Destroyers attain a speed-length ratio of 2.00, but it cannot be claimed that they attain 

it with comfort and safety except in quite moderate weather. European cross-channel steam- 

ers obtain a ratio of 1.50 with greater safety and comfort than destroyers; where the line 

must be drawn for the North Atlantic is our problem. The ships listed above cover a range 

of from 1.225 for the 600 footer to 0.95 for the 1,000 footer at 30 knots. The Mauretania’s 

figure is 0.95. From this it is submitted that the 750-foot ship of 30 knots as proposed 
is practicable, providing the fore ends of the ship and of the midship deck erections are 

especially designed and strengthened, with a view to avoiding deck damage in weather not 

otherwise severe enough to make slowing up necessary. All fittings and deck openings be- 

fore the bridge would need to be of special design. 

The table above for varying lengths is calculated on a somewhat different basis from that 

given on page 279, somewhat different proportions, coefficients, and powers. The two 

tables were prepared from different angles but remain substantially comparable. 

The question of powers to be expected if very fast liners of warship types were to be 

adopted is interesting and is another angle of the question that should be investigated. The 

table of powers varying with length and speed given above covers merchant types developed 

from current liner practice; the following covers some of the ground as indicated to us by 

warship practice. 

The proportions and speed both render large and high deck houses out of the question; 

the passage would be short and promenades would have to be arranged on the quarter deck 

aft and on one deck amidships well protected from spray. 

Fast yachts have already been built on destroyer lines, so that liners on cruiser lines are 

only a logical step and one that has been discussed before. 
The speed has been taken at a 20 per cent advance on previous general practice; the time 

on a 3,000-mile run in moderate weather is also given. In the powers given a 10 per cent 

margin for sea speed is allowed over a measured mile performance. The bunkers work out 

at quite large figures. It can be assumed that oil fuel is obligatory, coal handling would be 

well-nigh impossible both on board and alongside. These bunker capacities are high, but 

not impractical. Taking only first-class passengers and allowing 1% per foot of length, we 

get the numbers given in the table. The longitudinal coefficient is 0.58 and the mid area 

0.90 for all lengths. 

It is seen that the increase from 29 to 36% knots cuts one day off the voyage. As 
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said elsewhere, this branch of passenger-ship design is most fascinating; full plans, however, 

involve an amount of work beyond the scope of this paper, and it is hoped that these few 

remarks will be of interest as well as of some value. It is submitted that a full design 

along the lines of recent experience in battle cruiser and air craft carrier practice is worth 

while. 

As regards weights, it is clear that warship practice rather than merchant would have to 

be followed for machinery design; the absence of armor, torpedo protection; battery and am- 

munition weights being utilized on deck erections, passenger accommodations and bunkers. 

== 

Mean displacement............ | 10, 000 20, 000 30, 000 40, 000 

Full displacement.............| 11,500 22, 750 33, 850 45, 000 

length tcetaneereerererer acc 585 735 850 930 

Breadth s sys cic tive verjeteiecsis stete 58.5 73.5 85 93 

Mean draught................ 19.5 24.5 28 31 

Mean speed, knots............ 29 324% 35 3614 

Total) EHe Ps ey. -n4- 52-4) 20,000 61, 000 97, 250 135, 000 

Aovell Gh sb hs Gosoocdedoestes 50, 000 112, 500 177, 500 247, 500 

Oil for 3,000 miles............ 2, 300 4, 700 6, 800 9, 100 

Days on voyage .............. 4.31 3.85 3.57 3.42 

Piassen rersteniecenevectoeacrieae ct 875 1, 100 1, 275 1, 400 

It must be remembered that some of the British battle cruisers during the war made suc- 

cessful passages of the Northern Atlantic at a very high rate of speed. Particulars of these 

voyages, made during the war, are not generally known, but it is safe to say that valuable 

information was obtained thereby. 

THE BEGINNINGS OF OUR POSTWAR PASSENGER FLEET. 

During the war our dependence on allied transports for the army troop movements was 

only mitigated by our few prewar troopers and liners and by enemy tonnage seized in our 

harbors and elsewhere. This led to the ordering of some twenty odd large and some thirty 

odd moderate sized transports at Newport News, Bethlehem, New York Shipbuilding Cor- 

poration and Hog Island. None of these vessels were completed prior to the armistice, and 

some were subsequently cancelled, mainly the smaller ones at Hog Island. These ships are 

now in service, some as troopers (Hog Island) and some as passenger liners, with the 

latter of which only are we here concerned. 

A brief description of these passenger ships is in order and may well be given in tabular 

form. Of the larger ships, Newport News built two, Bethlehem five, and New York Ship- 

building Corporation nine, a total of sixteen ships of some 225,600 gross tons; the smaller 

ships number seven, all built by the New York Shipbuilding Corporation, totaling some 73,800 

tons gross. sa : 
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Their outline particulars are as follows: 

Old North State American Legion 
ltem. class. class. 

Benet povenall Aoi ciara iatiatd « bis'6 stoic) a/eiebone 522 Se 539) 27 

Beam anoldeditepim theists oe ic is ivielele te) sie 62’ 0" Vien 

Depths mild emia iakalemieh: e's ssid, tiche\ csc le love 42’ 0” 50,0) 

Toads Grauontin ta cinalasiac 2 sic 6 ace 8 sieve S2a3y 50nd 

Corresponding deadweight ........... 13,000 11,400 

Sea Specs P MOS aki le cs issseile where wre 14 17% 
Shaffihonse=powetemiacciancchalsactes sci riehs 12,000 

Indicated horse-power ............... 6,500: rae 

Boilers (oilietiel) Wereverv-nvcicis. antes everts Scotch, Water tube. 

Motive POWene rrtsriem ic taerciaisr Si nis aay s Reciprocating engines. Geared turbines. 

First-class passengers ................ 78 260 

*Third-class passengers ............... mata 300 

Gross#tommaceiin as stern cn ijire ene da eee ors 10,540 14,100 

(Cary SGiond Glad d dip arte plete et ee eae aeons 117 134 

Btilleadspeetcne ya ey cstv cisbovals eve) spore 11 13 

A few words on the outstanding characteristics of these ships may be in order: 

1. Passenger accommodation—This is unusually spacious, as may be inferred from the 

size of the ship and the number carried. Large rooms, beds rather than bunks, numerous 

private bathrooms, and ample public rooms are noticeable, especially in the larger vessels. 
Running hot and cold water is supplied in the rooms. 

2. Cargo handling —Both in the number of hatches and in the facilities at each hatch, 

this feature is especially well cared for, quick turn around being thus possible. 

3. Unusually close subdivision —Being laid down as three-compartment ships for troop 

service in the war zone, these vessels are all very well bulkheaded, especially the larger ones, 

where cargo is not so important. 
4. The interior decoration has received greater care than usual, our colonial period 

supplying the dominating scheme of architectural effect. This has been modified in certain 

spaces, such as the verandas, tea rooms and smoking rooms. Furniture, decorations and dra- 

peries were from designs by W. & J. Sloane of New York. The architectural plans for the 

larger ships were mainly by the Bethlehem Shipbuilding Corporation and for the smaller ships 
entirely by the New York Shipbuilding Corporation. 

5. Unusually large steaming radius to enable Pacific Ocean and South American trades 
to be adequately negotiated. 

6. The similarity of bow and stern is unpleasantly noticeable, this being an inheritance 
from war days. 

Since the launching of these vessels there has been a considerable general interest dis- 

played in passenger ships; numerous designs for large vessels have been prepared which, 

doubtless, will bear fruit in due season. As business gets back to normal it will carry with 
it a. demand for vessels of this character to balance our merchant marine. 

It has been felt that the plans of these ships are of sufficient interest to record and they 

are therefore given in Plates 40 to 43. sere! photographs are also given, to illustrate the 

general scope of the accommodations. 

*Two of the smaller ships are being fitted for third-class in the top ’tween decks. 
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INTERIOR DECORATION. 

No paper of this character can be complete without reference to such an important 

feature of passenger ships. The first requisite from the point of view of the passenger, 

after that of the general good or bad repute in which the line and ship he sails on is held, 

is that the general arrangement of the accommodations shall be such as to contribute to his 

comfort—enough promenade space and open decks for games, ample ventilation at all times 

and heat in winter, well-arranged staterooms and public rooms, access to all parts under cover. 

An essential factor in all this is the interior decoration. We have had very few papers on 

this subject, but one in 1915 by Mr. H. B. Etter stands out as a valuable and interesting 

contribution to the transactions; a careful reading of this paper will repay anyone interested 

in the subject. 

The architectural or decorative atrocities of a hotel can frequently be recovered from by 

seeing nearby grand and varied scenery, or by absence for short periods. Not so with a 

ship; once you start, the scenery is, generally speaking, the sea and then more sea. Also, 

you are there to the end of the voyage, and if it is a three or four-week voyage, third-rate 

efforts at decoration can try men’s souls. 

As in Pullman cars, so in ships, we have happily gotten away far from the days of 

heavily applied ornamentation, just as in our houses we demand decoration and furniture 

which combine grace and usefulness; plaques of dead fish on dining-room walls spoil the 

digestion of fewer people than they did a generation ago. So in ships it has been realized 

more and more that good interior architecture and decoration do not necessarily involve ad- 

ditional expense, or rather expense beyond an immediately appreciable return in the en- 

hanced reputation of the vessel in question in attracting passengers. Compare the beauty and 

general attractiveness of the United Fruit Company’s steamers with the vast majority of our 
prewar coastwise passenger vessels. The United Fruit Company has not lost trade by the 

quality of its ship’s arrangement and decoration; it is by no means a weak and struggling 

line, made so by wasting its substance on expensive interiors. Visit or travel on one of its 

steamers and then do the same on any of several coastwise liners; the wood and paint are 

there, but the decorative effects that could have been gotten from the same wood and paint 

are not. 

Of the later periods which lend themselves to ship decorative architecture the Tudor 

and Flemish are found most frequently in smoking rooms; the periods of Louis XIV, XV 

and XVI of France in the music rooms, lounges and galleries. Read the published descrip- 

tions and visit modern liners; it is hard to realize the variety of styles which can be 

adapted to ship decorations. From classic and Gothic in lesser amounts we pass on to a 

wealth of the Renaissance of Italy and of France, to the English and Dutch evolutions and 

lastly to our own Colonial, the keynote to the decoration of our postwar ships of the Ameri- 

can, Legion class. 

We have heard lately of ships that were overdone in the lavishness of their appoint- 

ments; perhaps so. A ship designed and built for a one-week trip does not need as much 

in the way of accessories as one that is to be a floating home for four or five weeks at a 

stretch. Let ships be designed each for its own trade, with due consideration to climates 

passed through, to the likes and dislikes of the people carried, to the length of voyage. A 

rational answer to these questions will settle both the decorative and elaborateness questions. 

The impression may have been given that copying the past is the only way to decorate 

a ship; this is not intended. Certain it is that the past, so far as it has been spared by the 
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hand of the ignorant savagery that breaks out in humanity at intervals, furnishes us with 

a wealth of background to work on. The masters of all the ages have left work for us to 
admire and beat if we can. From Persia, Egypt, Greece, Rome, Italy, France and Europe 

generally do we inherit. The classic styles of Greece and Rome lead on to the Gothic and 
the later periods of Italian and French Renaissance, the Tudor, the Dutch, the periods of 

the Louis, the Regency, Empire, Adam, and Colonial; then, too, China and Japan have con- 

tributed their share. With the masterpieces of all the ages to draw from, we would be poor 

indeed if, while working out new ideas and adaptations, we fail to give credit to the sources 
of inspiration. 

The latest word in large liner decoration that the public has had a chance to see is that 

of the Paris of the French Line; a visit to this ship leaves no doubt as to the artistic ability 

of the French designers and decorators. She is very much of the dimensions of the Maure- 

tania. Large ’tween-deck heights prevail; in the upper public rooms extra height has been 

obtained by extending the central part up several feet. With the general scheme of deco- 

ration it is hard to find fault, though our friends of the plain and simple school had better 

travel on some other ship; the ornamentation is in excellent taste, the result being magnifi- 

cence without gaudiness. The large windowsin the public rooms give one the impression 

of a palace rather than a ship; they are protected by the outer windows enclosing the 

promenade. 

EXTENT AND ARRANGEMENT OF PUBLIC ROOMS. 

The arrangement which is popular in sheltered water ships of wide passages with seats, 

writing tables, etc., running along inside the staterooms, often with large wells at intervals, 
is not adapted to seagoing liners. 

The arrangement which works out best in oceangoing ships gives dining rooms on the 

lowest passenger deck with galleys and pantries around the casings and extending full width, 

the other public rooms being arranged on the top deck, opening one from the other and with 

wide passages or galleries between, enabling the best all-round result to be obtained. 

The dining rooms thus occupy decks the least desirable for staterooms, the other public 

rooms can be built with coach-top effect, enabling rooms of 10 and 11 feet head room to be 

obtained ; decorative effects impossible of attainment in the ordinary ’tween deck at once be- 

come possible, comfort is increased and the ship popularized. 

A dome over the dining saloon with exhaust fans is a most important contribution to 
comfort, coolness, lighting and decoration. Some large prewar liners have winter gardens 

two full decks in height, a most magnificent arrangement but also a most extravagant one. 
Many have arrangements for dancing indoors as well as on deck, promenade decks with 

fully enclosed sides give excellent facilities for dancing, but some large liners go further and 

arrange the lounge so that the central part can be cleared and a ball room of the best ob- 

tained, with orchestra gallery at one end and ample seating on all sides. 

Some idea of the extensive character of the public rooms of a large liner may be ob- 

tained from the following, without by any means exhausting the list: Dining rooms, res- 
taurant or café, winter garden, smoking room, card room, library, lounge, ball room, writing 

room, entrances and lobbies, stairways, drawing room, children’s dining room, nursery, gym- 

nasium, Turkish bath, barber shop, information bureau, ticket, etc., office, galleries, verandas, 

swimming pool, candy, etc., store. 

It is not to be understood that all these rooms can be found in any one ship; they are 
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merged and grouped variously. Different names are given to the same space in different 

lines. The list typifies, however, the extensiveness of the public spaces on a large liner. 

In the larger steamers the old-time narrow passage is giving place to the gallery be- 

tween public rooms. This feature enlarges the scope of the living quarters, provides library, 

reading and writing facilities, besides giving ample communication under cover for use dur- 

ing the evening or during bad weather. 

This feature is noticeable in recent Cunarders and has also been developed in Italian 

liners. Its appeal to Italian designers is easily understood, Rome furnishing us with many 

such galleries in her magnificent palaces, the galleries of the Vatican being a case in point. 

Some of the gallery effect is to be noted in the design of the public spaces on the Amer- 

ican Legion class. 
PROMENADES. 

Many ships sacrifice this feature to piling in the maximum possible number of state 

rooms, obviously to increase revenue. It is true that short-run ships do not need so much 

promenade space and deck room to exercise and play games that vessels going on long 

voyages require. Vessels on one-night runs do not need the open-air spaces that day-run 

ships need. High-speed ships require more sheltering arrangements, such as deflecting wind 

shields and sides enclosed with windows which can be either open or shut. The liner, to 

be popular, must have good open decks for lounge chairs, walking and games, with decks 

adapted for outdoor sleeping on tropical runs. 

OUTSIDE ROOMS. 

In smaller ships all rooms can and should be outside rooms, 7. e., with ports or win- 

dows opening direct to the outside air. As ships get bigger our difficulties increase; the 

“Bibby” room is the popular solution, the inside room having a narrow passage leading past 

the outside room to a port. 

For vessels navigating sheltered waters the transverse berth greatly helps the designer 

of good passenger accommodations, but for seagoing ships, the fore and aft berth, with only 

occasional exceptions, is the rule. 

Lately the “Bibby” idea has been extended to banks of three rooms on a side, both the 

inner and middle rooms having these narrow passages for air extending directly to the side; 

for hot weather ships this is excellent. 

As we get to the largest ships this feature is not so important. These ships are generally 

fast and, being almost entirely on North Atlantic runs, the heat is not excessive. With 

eight and more rooms abreast it becomes a problem of better and still better ventilation by 

means of fans taking air from above. On this route we have fog and ice to contend with and 

consequently closed ports at night on all decks below the bulkhead line. 
More and more deck houses are resorted to, with consequently narrower houses, fewer 

rooms abreast and more chance for windows directly opening out on deck. 

The old plan of individual outside doors has given place to inside passages and doors, 
with outside windows, a cooler arrangement anyhow, avoiding the backing up of rooms 

against heated casings and enabling all available space along the center line to be utilized 

for toilets and baths, the best scheme for drainage and water supply, also for exhausting 

foul air directly from these spaces. 
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SINGLE-BERTH ROOMS. 

No doubt this is a feature appealing to all people traveling alone; the comforts of a little 

place all your own for the voyage need no eulogies. On the North Atlantic such rooms are 

now numerous; elsewhere they are not unknown. 

A most ingenious plan that can be used in all vessels, particularly in those with ample 

*tween-deck height, is that of placing two berths over each other, but so stepping the divid- 
ing bulkhead that one berth is in one room and the other in another room; in one room 
there is a lower berth only and in the other an upper berth only. 

I do not recall which line gets the credit for the scheme, but it is a good one. 

DETAILS OF CONSTRUCTION. 

Standard transverse framing continues to be the general rule for passenger ships. Wide- 

spaced framing is often adopted in order to get a spacing that suits details of accommodation 

better. If pushed to extremes, framing too deep for good hold capacities may result, besides 

very heavy shell plating: in way of machinery, deep framing does not affect capacity; care- 
fully applied, it can be made an advantage. 

Longitudinal framing has not the same strong hold as in oil tankers and in long shallow 

vessels of all classes; vessels for rivers, etc., will always do well to consider longitudinal 

framing, but for deep-sea passenger vessels, with many decks, its advantages are not so clear. 

Cruiser sterns for twin (and above) screw ships are here and do not need so much 

arguing for as a decade ago; there are still people who do not like their looks and, of course, 

that is their privilege. They have solid merit, however, in improving stability and speed per- 

formances. For single-screw ships they are generally a bit of a misfit. 
Electric arc welding has found a definite place in shipyards; without getting too enthu- 

siastic and hailing the all-welded ship and the exit of the rivetter, driller and caulker, it re- 

mains a fact that there is ample room for a welding department in any big yard to work on 

details and that not altogether, by any means, on what we may politely term “correctional” 
work. 

Wooden decks inside quarters are well nigh a thing of the past in ocean ships; there are 

several satisfactory plastic deck coverings for all interior spaces other than those generally 

cemented and tiled. There are also several forms of cork flooring which give good results. 

Parquet may be desirable for inside dancing spaces. Wooden decks are still premier for 
open deck spaces over quarters and for promenades. 

In order to shorten turn around in port, either ship or dock, and sometimes both, have 

to be better equipped with cargo gear than was only a short time ago considered proper. 

The Old North State and American Legion classes fully bear this out, their twin derrick 

systems and numerous hatches having been commented on in every port visited. It should 
be noted that their close subdivision accentuates this feature. 

The recent revisions of the rules of all the classification societies have placed in the 

hands of the shipyards methods of designing structure and details which enable much quicker 
and better work to be done. 

Joiner work is not so dependent on wood for panels as formerly; as with sanitary 

floors, so with paneling, there are riow on the market several satisfactory composition boards, 

and panels of these, mounted directly on the tongue and groove partitions, enable the two 
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sides of a bulkhead to be fashioned to suit the furniture to much better advantage than 

with ordinary panels. 
Lighting, heating and ventilation have improved of late; steam heat is largely replaced 

by electric radiators, which are particularly adapted for individual room heating in associa- 

tion with a thermo-tank system raising all the air to about 60°, leaving the balance required 

to electric radiators. 

With oil fuel, piping problems become more complex; the air escapes from the amid- 

ship tanks are sometimes difficult to handle in way of passenger spaces, an excessive possible 

head on the tanks being only avoided by taking them out through the shell. Oil fuel galley 

ranges are also a modern touch in oil-burning ships. 

Communication and indicating devices get more complicated, fire-alarm systems, pneu- 

mercators, gyro-compass systems and submarine bell listening devices are among the newer 

modern tendencies. 
Better bulkhead subdivision has helped fire protection; with alternates carried up to 

the top decks, modern ships have been afforded a much better chance of confining and sub- 

duing a fire. 
The extra boatage now fitted on passenger ships has given trouble. Better bulkheads 

argue for less boats, though “boats for all” is rightly the generally recognized minimum 

acceptable. The writer feels that more rafts might well be allowed, especially where bulk- 

heads are good. 

Compulsory air ports on the lowest passenger deck might well be reconsidered. They 

can seldom be opened at sea, they are menaces when so opened, and more reliance on good 

lighting and ventilation from above appears to be a better solution of the question, particu- 

larly where cabins replace open steerage quarters. Warships get along very well in that 

respect, where men are berthed behind armor with no side ports. 

The extent to which oil has been substituted for coal as a fuel calls for comment. 

Lloyd’s returns indicate that 2214 per cent of the world’s total gross tonnage uses oil for 

propulsion, as compared with 3 per cent in 1914, a stupendous increase and one that is mainly 

in vessels of American registry. Correspondingly coal has dropped from 89 per cent to 72%4 

per cent for the same period. This has resulted in a great increase in oil construction, both 

for ordinary ships’ bunkers and for oil tankers. From the point of view of this paper, the 

recent conversion from coal to oil of several famous liners is to be noted, also the fact that 

our ships of the American Legion and Old North State classes are all primarily oil burners. 

STANDARDIZATION. 

This heading to many here will seem like the beginning of a discussion of the methods 

of making a series of progressive runs over the measured mile; it does not mean this form 

of standardization but refers to the general one of engineering standards. 

It is not necessary to state that a great deal of work has been done of late years, on 

both sides of the Atlantic, looking to the obtaining of the benefits of standardization. When 

in Europe last year I was much impressed by the work done, under Sir Archibald Denny’s 

genial and able leadership, by the British Engineering Standards Association. They have 

revised their rolled steel section standards, inviting us to cooperate. Some work has been 

done here along those lines and this society, with others, has appointed committees to act in 
conjunction with the American Engineering Standards Committee. As a result of the war 

we are in much better shape than formerly as regards the obtaining of a wider range of steel 
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sections suitable for shipbuilding and are not without hope of being in better shape yet, once 

the revival of business brings the exporters to realize the benefits of standardization. 

The British have gone further and are at work standardizing ship fittings as far as 

found practical and desirable; this is a far-seeing step in the maintenance of their shipbuild- 

ing position and one we should not lose sight of. 

The work done in the standardization of marine oil engine construction has been fully 

covered recently in publications devoted to the internal-combustion engine. 

Considerable progress has also been made abroad in standardizing steam marine recip- 

rocating engine and Scotch boiler construction as far as moderate and low powers are con- 
cerned. This is advantageous in more ways than one. It facilitates construction and, equally 

important, it facilitates upkeep. With standard shafts and other parts which are most liable 

to need replacement available, the economy to be realized by quick repairs and consequent ab- 
sence of delay should need no argument before this body. 

Anything which helps standardization along rational lines should have our united sup- 

port; we have the fleet now to give us the opportunity. Standardization has been pushed 

too far in some quarters, but after the exaggerations of the overzealous have been eliminated, 

there is still a large field to be covered. The claims for the prompt execution of repairs is 

one that should not be overlooked; it is an aspect of standardization that deserves more 

attention than it has received, though it is largely taken care of by standardized construction. 

Referring again to the question of engineering standards, the success attending the pre- 

sentation of the John Fritz medal to Sir Robert Hadfield last summer and the accompanying 

international engineering conferences constitute another link in the chain leading up to more 

effective engineering cooperation, which naturally includes standardization. 

COMPETITION AND THE FUTURE. 

Prior to 1914 the British and Germans divided the lion’s share of the world’s passenger 

carrying; it is not so now. Germany no longer has a passenger-carrying fleet worthy of 

the name. 
Besides ourselves, the ancient empire of the Mikado has now come into a prominent 

place in passenger-carrying circles, at least as far as the Pacific is concerned. As an indi- 

cation of the need that still exists for passenger ships, the following table is of interest; its 

meaning under normal conditions of world intercourse and trade will not necessarily be the 

same as under present conditions: 

WORLD'S SEA-GOING TONNAGE. 

I9I4, 1920, 
&ross tons. gross tons. 

Liners and intermediate vessels........ 13,345,000 12,107,000 

Cargo ‘Ships Rees as eee. as axe 24,935,000 32,518,000 

Darnkcersics Ac Ree Pee re Dh ies 1,479,000 2,934,000 

Totals sicstraen cn earaeate e 39,759,000 47,559,000 

The lines of tied-up cargo ships are well explained by the above figures, which are a 

variation of Lloyd’s regular returns, taken from a paper read by Mr. Ballard last year before 
the Northeast Coast Institution (England). 

The shortage in ocean passenger ships is brought out, also the wisdom of the govern- 
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ment in deciding to finish the main program of wartime transports later converted to pas- 

senger ships. In using the word shortage, care must be exercised to discriminate between 

present and normal times. 

The strength of our position in cargo-carrying tonnage is not yet reflected in the pas- 

senger-carrying trade, but with our operators in the passenger trades encouraged by the de- 

livery of new ships and, by the reconditioning of captured vessels, the outlook for the future 

is brighter than it has been for at least two generations. There is also some encouragement 

for builders in that the void in their yards calused by the prevailing lack of cargo ship orders 

may be partly filled by orders for passenger ships. 

Indications are not lacking that our Pacific and South American trades are soon going 
to become well developed. On the North Atlantic we are not as yet adequately represented. 

It is true that there are some ships under the flag, but these are not generally of such size and 

type as to command an adequate share of the trade. 

The Italians and French have some excellent vessels in that run, notably the new Paris. 

The Leviathan remains at her dock. Her long, idle spell is bad enough, but the lack of 

policy which kept her not only tied up but out of condition as well is a severe blow to our 

place on the Atlantic. The writer feels that the lack of enterprise in this direction is only 

temporary; the world will not be content to go backwards in passenger liner development 

indefinitely. 

The Pacific has given one sign of renewed progress in the Empress of Canada. She is 

almost as much a step in advance over Pacific Ocean average as the Mauretania was on 

the Atlantic, though this may be held to be somewhat of a stretching of facts. Nevertheless 

she is clearly a noteworthy vessel and brings cheer amid the dark clouds of the recent enforced 

lack of advancement in design. Our new liners will not long occupy any leading place 

among noteworthy ships, so that our hold on the trade will before long demand larger and 
faster vessels. 

The laying down of a 30,000-ton passenger ship by Harland and Wolff for the Hol- 

land-America Line is reported, this being the largest vessel commenced in Britain since the 

war. The end of the retrogression in size appears to be in sight. 

In concluding, it seems to be a safe forecast to make that passenger ship construction 

will figure somewhat prominently in our bigger and best equipped yards during the next 

few years, particularly when it is remembered that a considerable number of ships now 

running would, but for the war, have been out of service ere this and that they will need re- 

placement just as soon as practicable. 

The photographs illustrating this paper are available through the courtesy of the New 
York Shipbuilding Corporation, builders of the ships from which the views were obtained. 

They can be considered as representative of all the ships, remembering that there are dif- 

ferences in detail. 

The state-room view can be taken as typical for all the ships. The rooms mostly have 
beds; in the larger ships some rooms have regular bunks. 

DISCUSSION. 

Tue CHAIRMAN :—This paper, No. 10, on “Design and Construction of Passenger 

Steamers,” is now before you for discussion. Two words in the title of this paper, “design” 
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, and “construction,’”’ represent the very heart of our activities, and I am sure that you have 

all been very much interested in this brief abstract which Mr. Rigg has given of his paper. 

It is a subject which lies the very closest, possibly, to our very life and continuance as a 

society, and I hope it will be freely discussed. It is now before you. 

Proressor Hersert C. SADLER, Member of Council:—Mr. Rigg has, I think, pre- 

sented us with a very interesting summary on the whole question of the design and con- 

struction of passenger steamers. 
It is always interesting to look ahead, and perhaps a little more interesting to prophesy 

what is going to happen in the future. I remember some years ago—lI think it was in 

1902—I presented a paper before this Society on the subject of the strength of the ships, 

and I projected the results on to a 1,000-foot ship. At that time I was criticised in a good- 

natured way by my friends, who wondered what had happened to me when I was talking 

about 1,000-foot ships, and now, of course, the 1,000-foot ship is an actual fact, or practi- 

cally so. I mention that to show that I think, as naval architects and marine engineers, the 

mere question of size is one that would not bother any of us, even if we have to increase 

the size of our shipyards. The problem from the engineering standpoint is not insuperable. 

There are a few factors which will tend to limit the size of ships. The problem of 

speed, and the capacity of the ship, both from a passenger and a cargo standpoint, are 
the things that will finally determine the best size. I do not think we need to bother our- 

selves with projecting into the future any limitations as far as size goes. I think they will 

fix themselves entirely on the factors of the problem, and this is true, equally, for warships 

as for merchant ships. We know sufficient, or we can get the information easily, about 

speeds and powers, to be able to predict exactly what is going to happen before we build 

a ship. We know enough about construction and weight, etc., to know exactly where we 

are coming out in any proposed design. The thing which will finally determine the best 

size will be the economics of the whole thing for the particular service for which any 

vessel is to be designed, etc. 

I think from now on the tendency will be to study the whole problem of passenger 

ship construction, perhaps a good deal more minutely than it has been done in the past, 

and it will not, perhaps, be so very necessary to go to the very large ship in order to 

achieve the objects we want to accomplish. 

A paper like this, therefore, I think, throws out some very valuable suggestions, and 

it is interesting to note, as is known to all of us, of course, the enormous expense en- 

tailed in order to get a reduction of one day even in the passage across the Atlantic. 

I venture to throw out this suggestion: Is it worth while to save one day in five, or one 

day in four; that is, looking to the future? We have a competitor for high speed—the 

airship; and I think that the people who are going to be in a hurry in the future will prob- 

ably go by air rather than by water. Those who want comfort will go, perhaps, by water, 

and they probably will have a little more room. But I think we should bear in mind that 

we have, more or less, reached our economical limits of speed on the water, and we can 

never hope to approach the speeds that are easily obtained in the air. In other words, 

I do not think we can ever hope, as naval architects, to design a ship that would go across 

the Atlantic in thirty-six hours. 

Mr. Huco P. Frear, Member of Council :—Mr. Rigg has put a lot of thought and hard 

work into his paper, and the Society is to be congratulated in having presented to it one so 
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full of suggestions, facts, figures and conclusions. The subject has been probed so thoroughly 

and extensively that individual discussion must necessarily be restricted, and my remarks 

will only refer to a small portion of the paper. 

This is an opportune time for the consideration of passenger steamers on account of the 

shortage of this particular class of tonnage, as noted by Mr. Rigg and confirmed by the large 

number of inquiries for plans and prices for vessels of this type during the past two years. A 
considerable number of contracts would, no doubt, be consummated with little delay if the 

purchaser were assured that present costs and rates would prevail for several years. 

Not only does this apply to passenger steamers but to many vessels suitable for special 

trades, some of which have been referred to in this paper. 

Our new merchant marine built during the war was not based on a prearranged, well- 

thought-out program, but on a hit-or-miss plan, resulting in an unbalanced fleet for either war 

or peace service, including a multitude of vessels worth less than scrap and very few suitable 

for special trades. On this account it seems evident that passenger steamers and vessels for 

special trades are the ones shipbuilders must depend upon in the immediate future for new 

orders. ; 

Mr. Rigg has devoted considerable space to the trend of design, length, and cost of 

high speed. While it is true that the present high costs of construction—and, we might add, 

operation—have put a damper on the building of floating palaces of the largest and fastest 

pre-war types, it is not understood that even vessels such as the Mauretania, Aquitania, Im- 

perator, Vaterland, etc., were especially profitable before the war or compared favorably in 

return on the investment with intermediate types of the Adriatic or Franconia class. The 

largest and fastest pre-war types were the result of keen competition from an advertising 

point of view between Great Britain and Germany and also between steamship companies. 

The cost of advertising is now too great to indulge in on such a scale. 

It is doubtful if the trend of design for intermediate steamers or passenger steamers for 

special trades is towards smaller dimensions or slower speeds. The average dimensions and 

speeds for the Pacific trade have certainly been materially increased, and, at least in one case 

for that trade, still larger and faster vessels are contemplated. Designs for new steamers, 

larger and faster than any previously employed, have recently been completed for not less 

than four different trade routes. Designs were also submitted not long ago for a steamer to 

cross the Atlantic in less than three days. This steamer, however, was not to cross the widest 

part of the ocean. 
In connection with the cost of high speed and fuel savings possible for high-speed, mod- 

erate dimensioned vessels, Mr. Rigg gives a table of figures on page 279 and another on page 

281 which leave much to the imagination. If displacements and coefficients had been included, 

the data would be more complete. In working backwards I believe I have determined in 

close approximation the values used by Mr. Rigg and the results given appear to be suffi- 

ciently close for comparison of shaft horse-power and fuel, except possibly the shaft horse- 

power for the 700-foot steamer at 30 knots. 

I do not quite follow Mr. Rigg so far as his conclusions from these tables are concerned, 

and perhaps he could make them more clear in his concluding remarks. The heading, Cost 

of High Speed, might preferably be termed Cost of Fuel for High Speed, as there are numer- 

ous other elements entering into the cost of high speed. It is not clear whether or not 760 

feet is recommended as the limit of length up to 30 knots. The table on page 281 seems to 

indicate that 760 feet might not be the most desirable limit. This table also does not seem 
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to offer convincing proof of fuel savings possible for high-speed, moderate dimensioned ves- 

sels. The 600-footer may be considered a moderate dimension vessel, but it is difficult to see 

from what point of view there is an economic saving in fuel as compared with the 1,000-foot 

vessel with a difference of only about 16 per cent in shaft horse-power and something like a 
difference of 200 per cent in displacement. 

Mr. Davin Arnott, Member:—I wish to congratulate Mr. Rigg on the very valuable 

paper which he has contributed on the occasion of the annual meeting of this Society. A 

paper having for its subject “The Design and Construction of Passenger Steamers” is oppor- 

tune, if only in view of the probability that the shipyards of this and other countries will be 

forced to eke out an existence for some time to come by the building of merchant vessels 
of a type other than the ordinary freighter or tanker. 

Mr. Rigg has chosen to present a résumé of the main considerations affecting the design 

and economy of operation of passenger vessels rather than specialize on a particular branch 

of his subject, but his paper is no less useful and is certainly much more readable on that 

account. Plenty of opportunity is provided for discussion, as Mr. Rigg has the pronounced 

views which usually accompany long experience and does not hesitate to state his own ideas 

even on such a delicate question as that of interior decoration. 

With regard to the interesting particulars given of the 1,000-foot liner, I would like to 
ask Mr. Rigg if the design ever got beyond the very initial stages, as it seems to me that the 

comparatively narrow beam of 105 feet, in association with a length of 1,000 feet and a 

depth of 76 feet, is a return to the proportions of the Atlantic liners of a generation ago and 

does not appear to accord with the trend of later practice toward increased breadth to which 

Mr. Rigg draws attention. If 76 feet represents the depth of the uppermost complete deck, 

it would be interesting to know how many tiers of deck houses were to be superimposed on 

this deck. I wonder if this vessel, if and when built, would meet Mr. Rigg’s idea as to the 

proper metacentric heights for a modern oceangoing liner. 

While it is true, as Mr. Rigg states, that the structural design of a 1000-foot liner 

would present no serious engineering difficulties, it is always a difficult problem to design 

a satisfactory ship structure where economy in steel weights is so vitally important as to pre- 

clude the piling on of material for the purpose of playing safe, a practice which, after all, is 

mighty poor design. : 

In a 1,000-foot ship designed for a speed of 30 knots, the panting arrangements at the 

ends and the anchoring of the large deck houses would require very careful and special con- 

sideration if trouble is to be avoided in these particular neighborhoods. I would like to take 

issue with Mr. Rigg as to the effect on the weight of increasing the breadth and fineing 

down the ends in a vessel of the same length and depth, and would suggest that the increase 

in weight over the corresponding vessel of normal proportions and block coefficient would be 

considerable in cases where the classification rule scantlings are required to be taken direct 

from tables in association with any system of numerals. 
Mr. Rigg’s reference to standardization is particularly appropriate at a time when econ- 

omy in shipbuilding costs is of the utmost importance. The new British standard sections 

provide British shipbuilders with a much more economical range of bulb angles and chan- 

nels than we have available for shipbuilding in America. The new shapes are, weight for 

weight, relatively much stronger than the old sections and are more easily rolled, while their 

new standard channel is more suitable for machine riveting, the taper of the flange being about 
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midway between the old parallel shipbuilding channel and the extreme taper of the present 

American structural channel. It should be noted that British standard sections are common 

to all users of structural mild steel, including shipbuilders, bridgebuilders, etc., while here in 

America we have two distinct standards for channels, the structural channel and the ship- 

building channel. The bulb angle, which has distinct advantages over the channel for ship- 

building purposes from the point of view of upkeep, is used more than the channel in British 

shipyards, while exactly the opposite holds here, due probably to the extra cost of bulb angles 

as compared with channels. 

The adoption of a single line of up-to-date channel sections for all structural purposes 

in this country would be a distinct gain to both American shipbuilders and structural engi- 

neers, and it is hoped that our steel manufacturers may be persuaded that this course will 

also be to their advantage, as the American shipbuilder is already sufficiently handicapped by 

high labor costs without being at the further disadvantage of having to use, in shipbuilding 

construction, shapes which are relatively less efficient than the corresponding shapes available 

to his foreign competitors. 

Mr. Rigg draws attention to other aspects of standardization as applied to shipbuilding 

and engineering, such as that of Scotch boilers, marine reciprocating engines, ship fittings, etc. 

Lloyd’s Register, the British Corporation and the Board of Trade now have common rules 

and regulations for the construction of ordinary Scotch boilers, which is a distinct gain to 

the shipbuilders and shipowners of the United Kingdom. Since 1917 Germany also has 

taken up the question of industrial standardization with characteristic thoroughness, and it 
would not only appear that the matter is worthy of the very earnest consideration of Ameri- 

can shipbuilders and engineers, but that now is the time to go into this important matter, when 

business is dull, rather than wait for a revival of the shipbuilding industry. 
It is refreshing to have Mr. Rigg’s opinion that the recent revision of the rules of the 

classification societies has placed in the hands of the shipyards methods of designing struc- 

ture and details which enable much quicker and better work to be done. That is entirely 

as it should be, as a classification society, in the modern sense as distinct from the old idea 

of a purely underwriter’s registry, is a technical organization, whose only excuse for exist- 

ence is in the authoritative and impartial service which it may render to shipping, shipbuild- 

ing and underwriting interests. All the stockholders are interested in those allied activities, 
and the capital is represented by the knowledge and experience of the staff. 

I feel that the thanks of this Society are due Mr. Rigg for presenting a paper which 

must have involved considerable expenditure of time and labor. 

Mr. Wittiam W. Situ, Member:—Referring to page 276 of the paper, the author 

states that electric drive was first contemplated for these vessels. No doubt this type of ma- 

chinery would make a good installation and would work satisfactorily. However, it is con- 

siderably heavier and more expensive than geared-turbine machinery. In view of the per- 

formance of the Hood and many other high-powered vessels equipped with geared turbines, 

there is little room to doubt that this type of machinery would prove entirely satisfactory for 

an installation of this kind. 
It would be particularly interesting if the author would give comparative data for these 

two types of machinery, provided it is available. From my investigation of this subject, I would 

estimate roughly that the weight and cost of the corresponding electric-drive machinery would 

be from 70 to 80 per cent more than the geared-turbine propelling units, and that the steam 
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consumption would be from 4 to 8 per cent greater. The latter would also reduce the weight 

of boilers, auxiliaries and fuel to a slightly less extent. 

On page 278 reference is made to tests of model propellers behind model hulls. I agree 

with the author that these tests are important and valuable, and it is hoped that additional data 

of this nature may be presented before the Society. Such experiments alone, however, are 

not complete unless the test results of the models are compared with the trial results of the 

vessel. It is suggested that, where possible, a comparison with the trial data be included. 

Certainly the model results of propellers will be more convincing if they are shown to agree 
closely with the trial data. 

Also, on page 278, the author refers to the desirability of more economical power plants. 
In this respect, some American shipowners do not seem to appreciate fully the large economic 

advantages of geared turbines and high superheat. If we compare a geared-turbine instal- 

lation using steam superheated to 200 degrees with a well-designed triple-expansion engine 

installation using saturated steam, it will show that the weight and cost of the engine instal- 

lation will be about 20 per cent more than the turbine installation, and that the saving in fuel 

consumption of the latter will be about 30 per cent. Geared-turbine machinery has been in- 

stalled on a number of important passenger vessels, both American and foreign, and its eco- 

nomic advantages are too important to be ignored. 

In this connection it would be of especial interest if Mr. Rigg could give the machinery 

weight, steam and fuel consumptions for the two vessels specified on page 283. It will be noted 

that the Old North State class is equipped with old-type machinery reciprocating engines and 

Scotch boilers, whereas the American Legion has the most advanced type—watertube boilers 

and geared turbines. 

I may add that Diesel engines are omitted from this discussion for the reason that the 

horse-powers under consideration are for the most part far beyond the present accomplish- 

ments in this field. 

In the tables on pages 279 and 282, the fuel consumption given is approximately 1.0 

pound, per shaft horse-power. While this is a fair average performance for conservative 

estimating, it is not as good as could be obtained with the most efficient machinery. With 

geared turbines and high superheat, a fuel consumption of 0.85 to 0.90 pound per shaft horse- 

power should be obtained for installations up to about 30,000 shaft horse-power, and above 

this from 0.80 to 0.85 pound should be obtained. 

Referring to the last paragraph on page 281, it seems that 10 per cent margin is rather a 

small allowance for average sea conditions. I should think fouling alone would require more 

than this, and that at least 20 per cent should be allowed for a vessel in close schedule. 

Mr. Rigg’s views on standardization are concurred in: “I think that large economies can 

be effected by efficient standardization in machinery and detail parts. It would seem that 

shipbuilders would profit considerably by adopting common standards as far as possible. 

Such cooperation, has proved profitable in other industries. This society might give valuable 

assistance by appointing a committee to cooperate with shipbuilders in adopting such 

standards.” 
In closing, I may add that the Society is fortunate in hearing such a thorough presenta- 

tion of this subject which is of especial interest at this time. 

Mr. W. M. McFartanp, H onorary Vice-President :—1 was specially impressed, from the 

nature of my own work, with some of the very encouraging remarks of Mr. Rigg with re- 
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gard to watertube boilers. On page 279 he says: “The claims of the watertube boiler over 

the Scotch for high-speed ships have made good to such an extent that they will feature more 

largely in future ships.”’” And, on page 282, he says: “As regards weights, it is clear that 

warship practice rather than merchant would have to be followed for machinery design” on 

high-powered vessels. That is, of course, something that the makers of watertube boilers 

have been preaching for a great many years, and it is interesting to reflect on the fact that 

some of the large passenger vessels today are using watertube boilers. As Mr. Rigg says in 

the paper, the vessels built at his yard, the New York Shipbuilding Corporation, and the ones 

built at Newport News, have watertube boilers, Babcock and Wilcox type, and those built 

for Bethlehem at Sparrow’s Point have the Yarrow boilers. It is also probably known that 

the three big former German vessels, the Berengaria (Imperator), Leviathan (Vaterland) and 

Majestic (Bismarck), all have watertube boilers, which, I understand, are of the Thornycroft- 

Schulz type. 

The new Holland-American ship to which Mr. Rigg refers will be supplied with Bab- 

cock and Wilcox boilers, built in England; and I may add that the International Mercantile 

Marine is also building two 20,000-ton vessels at Harland and Wolff’s, which will also have 

Babcock and Wilcox boilers in them. I am not sure that Mr. Rigg has this information, but 

it must give him some satisfaction to have his predictions verified so completely and so soon. 

The question of weight is one which is very striking indeed. I remember that almost 

ten years ago, one of the last papers written by my dear old chief, Admiral Melville, discussed 

this question of the watertube boiler and the saving of weight by its use. I will put the figures 

in my remarks when revised, but my recollection is he made a comparison about the saving 

of weight, that would have occurred on the Mauretania and Lusitania, if watertube boilers 

had been used, instead of having Scotch boilers, and my recollection is that the saving was 

somewhere between, 1,500 and 2,000 tons. (Melville’s paper gives the figures as 1,950 tons 

for watertube boilers against 4,000 tons for Scotch boilers.) They are vessels of large power, 

70,000 horse-power. When we run into such large horse-powers as Mr. Rigg has given in 

the paper, where there is a possibility of 163,000 horse-power, we can see that in such vessels 

it will be necessary to use the very lightest type of boiler. 
You all know that our battle cruisers which are building, even if they are going to be 

scrapped, would have 180,000 horse-power, and obviously in that case it was necessary to 

use watertube boilers as has for years been the practice with all naval vessels. 

I want to express my appreciation of Mr. Rigg’s paper, which is an admirable one and 

which I have greatly enjoyed. 
I would be remiss in giving these data about watertube boilers in passenger vessels if I 

failed to remind you of the fine record of the Great Northern and Northern Pacific, whose 

boilers were built by my company for Cramps, who built the vessels. Their service as trans- 
ports during the war was very arduous. The Great Northern holds the record for long- 

distance, high-speed steaming, and naturally all concerned in her building are very proud of it. 

It may interest you to know that when Sir Wm. White read his paper on “Size of Trans- 

atlantic Steamers” at our 1911 meeting, and referred to a new one then under consideration, 

he had planned a slightly smaller Mauretania, made possible by the use of Babcock and Wil- 

cox boilers. 

ComMaNpberR T. Kawauicasui, C. C., I. J. N. (Communicated) :—Mr. Chairman and 

gentlemen, it is indeed, a very great privilege to be permitted to say a few words about the ' 
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most interesting paper which has just been read by Mr. Rigg. In it he describes his experi- 

ence in designing passenger ships. While this is outside my specialty, I could not help being 

impressed recently, during the trial trip of the American Legion, with the admirable design 

of this ship. In every particular, it was well constructed, and its trial trip was more success- 

ful even than had been expected by its designers. I learned with no little satisfaction that 

a large number of these ships are destined for Pacific service, where they will undoubtedly 

play an important part in increasing the trade and consequently the friendship between the 

United States and Japan and in bringing these two countries closer together by an ever- 

decreasing distance. 

Mr. Rigg gives us an interesting table of shaft-horse-power required to get the speed 

of 25 knots and 30 knots for ships of various lengths, to show fuel saving high speed. I am 

impressed by the fact that the shaft horse-power at 30 knots is remarkably small for a ship 

of 700 feet. I should like to ask whether there is some difference in the shape of these ships 

and also whether these figures have been obtained from actual experiments. 

The experiments with the model propeller which are being carried on in this country 

are very interesting to me, because we, in Japan, have done nothing along this line. It was 

my privilege to see the experiments with model propeller carried on at the Naval Experi- 

mental Tank in Washington for the tanker being built by the New York Shipbuilding Corpo- 

ration for our navy. In this connection, I cannot help pointing out how fortunate you are, 

in this country, to be given the benefit of the experiments carried on by your navy. The 

equipment of the experimental tank is so expensive and the expert knowledge necessary to 

carry on the experiments is so hard to obtain that, in a country where the navy is willing to 

share the results of what is done experimentally with private shipbuilders, the art of naval 
construction is bound to make rapid progress. 

The recent tendency to decrease the length of passenger ships seems to me only a tem- 

porary phenomenon of this post-war reduction. It will soon return to the pre-war condition. 

Mr. Rigg’s opinion regarding the avisability of increasing the breadth of a ship is another 

indication of how we are profiting by the lessons learned in the great war. By increasing 

the breadth beyond the proportion usually accepted, greater stability is secured and the life 

of the ship is safer. The passengers may find it less comfortable, but this is far out- 

weighed by the fact that a number of accidents can be avoided. Mr. Riggs is using this idea 
in a very different kind of ship, and I am sure that its advantages will be as great as in a 

passenger ship. I refer to the tanker designed by Mr. Rigg for our navy and which is being 

built by the New York Shipbuilding Corporation. There is no type of ship to which sta- 

bility is of greater importance than to a fleet oil carrier, and I am convinced that this design 

will give a decided advantage to the oil carrier in question. 
Will you permit me here to take the liberty of saying a word about this same tanker? 

Twenty-five years ago, two cruisers were built in this country for the Japanese Navy, but since 

then most of our foreign construction has been done in England. We have consequently been 

influenced almost entirely by British ideas. Recently, however, you in this country have 

made such strides in naval architecture that we have been eager to learn from you. Science 

and art should know no nationality and should be used only for the advancement of man- 
kind. Hence we have come to learn from you one of the most important discoveries of recent 

times, namely, that of electric propulsion. 

Last spring we contracted with the New York Shipbuilding Corporation for a tanker 

of the following dimensions: Length, W. L., 496 feet; breadth, 67 feet; depth, 38 feet; dis- 
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placement, 19,550 tons; cargo oil, 10,000 tons; shaft horse-power, about 8,000; speed, about 
15 knots. 

The electric propulsion apparatus is being constructed at the works of the General Elec- 
tric Company. 

Electric propulsion is only an experiment in our navy, and its success depends largely 

upon this ship, which requires therefore the greatest care in its construction. As one of 

the inspectors of this work, I must express my appreciation for the splendid spirit with which 

everyone is cooperating to make it a success. | Undoubtedly electrically propelled ships are 

going to play an important part in future naval construction, and it is gratifying to know 

that our Japanese Navy is getting its first lesson in this development from the United States. 

Mr. Ernest H. B. ANDERSON, Member:—I think the Society is greatly indebted to Mr. 
Rigg for this paper, but it seems to me that its value would be greatly enhanced if a second 

paper could be written describing the machinery in the various ships that Mr. Rigg has re- 

ferred to. As Mr. Rigg points out, one class has reciprocating engines, while the other class 

has geared turbines. We all know there are many types of geared turbines; there are also 

various types of gears, and it would certainly improve matters in finally arriving at the econ- 

omy and overall performance of these ships if some particulars of the machinery could be 

published. We have had a certain amount of discussion regarding the different types of boil- 

ers, and this is just another phase of the question. 

Mr. McFarland referred to the types of boilers in the large German ships. My impres- 

sion is that the Thornycroft-Schulz has three lower water drums connected by tubes to one 

large steam drum; in other words, this gives a formation of two fireboxes or combustion 

chambers, whereas the German ships really have a modified Yarrow boiler with one large 

steam drum and two lower water drums. A complete description, with illustrations, of the 

boilers in the Imperator was published in Engineering of June 12, 1914. 

Mr. Ecmer A. SPERRY, Member:—I think the Society is to be congratulated upon the 

paper just presented. This paper gives a forward look and I think it is good for the Society 

also to have such a view. Our friend Mr. Smith says that the Diesels were not considered 

in his remarks, because they have not yet risen to the occasion. Neither has this ship. So, 

inasmuch as they are both futures, is it not perfectly proper to stop for half a minute and 

consider the Diesel? We have to face the facts, and as surely as we are here, Diesels will 

do our work—the direct combustion of the fuel in the cylinder, where it has absolutely direct 

application to the delivery of power to the crank shaft, is just as sure to supersede other 

power as anything in the world. 

Now there is nothing insuperable about the size of the gear, because sizes are in sight 

now of over 12,000 horse-power per engine, with only six combustion cylinders in line, and 

these are limited to our present knowledge as to the sizes and thickness of the walls of com- 

bustion cylinders. Within our present knowledge of the limitations of these vital points, it 

is possible to make a 12,000 horse-power direct consumption oil engine now. Compounding 

makes all this easy and simple. Suppose we take this 115,000 horse-power which the author 

suggests on page 279, and suppose we take the same cruiser, four shafts, and use geared 

Diesels. These Diesels only require about 7,200 horse-power each, and just think of what 

we are accomplishing in the point of weight. I venture to say that these Diesels will not 

weigh as much as the water in the system with steam. We need the weight thus saved to put 
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into fuel capacity, cruising radius, cargo and passengers. Now see what this means from the 

point of fuel economy. With the steam we would require 6,250 tons of oil for the passage 

of four days, and with the Diesels we could do with 1,600 tons. That saving alone is 

worth the entire equipment, and, I repeat, these are things we must not neglect. We are 

sure to be faced with a large Diesel, direct-connected to the tail shaft or through gears. That 

is the coming power, and the Diesel is here to do it. Think of running 27,000 miles without 
grinding a single valve. Oil engines have achieved a wonderful success in the last five years, 

and we have to face the situation. It is not a theory but an actual condition. 

THE CHAIRMAN :—If there is no further oral discussion on this paper on the Secretary’s 

desk there are two contributed discussions, one by Mr. Petersen, and one by Mr. Norton. I 

am afraid we must read these discussions by title, with the assurance, of course, that they 

will appear in full in the Transactions. I assume that neither of these gentlemen is present. 

Mr. Cart E. PETERSEN, Associate (Communicated) :—Mr. Rigg’s paper is a valuable 

contribution to the Society’s Transactions and is of particularly timely interest in view of the 

existing world shortage of ocean passenger ships. Altogether too little has been written 

about this subject, which could be extended to the dimensions of a large book as stated. 

I should like to add, to the listed items influencing a design, a factor that is of the utmost 

importance commercially, and that is the necessity of offering accommodations and service 

superior or at least equal to that of competitive vessels. As regards proportion, the author 

is quite right in stating that the tendency is to increase beam. Several of the ex-German 

fleet of vessels with narrow beams and relatively small metacentric heights have been particu- 
larly tender and require extreme care in handling. Reasonable increase in beam is highly 

desirable. 

The “one-class” liner has not met with the success it deserves for several reasons; prin- 

cipally the curtailment of third-class passenger traffic, due to the Immigration Act, and the 

fact that people prefer to travel third class on vessels having first and second-class accom- 

modations. In other words, the pride of the passenger must be considered. Under present 

conditions there are few trades where a “one-class” ship may be operated with success. 

On the subject of length, the pre-war trend of increasing the length has been checked 

by the economic factors arising from the war. Generally, the length of post-war passenger 

liners has been considerably less than one would expect. The advent of oil for fuel in the 

large liners and leviathans, with the consequent operating economy, has had the effect of 

justification of lengthier vessels. Mr. Rigg, in stating that the problem of the 1,000-foot 

liner is one of economics, entirely prompts the question: Under present conditions, how 

long a vessel, other dimensions and particulars being proportionate, could be built and profit- 

ably operated in the North Atlantic passenger service? My own opinion is that a length of 

700 feet would be justified, but I should like to hear what Mr. Rigg has to say concerning this. 

With reference to large liners in the North Atlantic service, the arrangement which 

works out best is that giving over the greater portion of the main superstructure decks for first- 

class accommodation, the after portion of the vessel to second class and the forward to third 

class. The various public rooms for the first class are usually located on the upper decks, with 

the exception of the dining saloon, which is on the lowest passenger deck, immediately for- 

ward of the main galleys and pantries. The second-class public rooms are usually located aft 

on the main superstructure decks with the exception of the dining saloon, which is placed on 
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the same deck as the main dining saloon but immediately aft of the galleys and pantries. The 

galleys and pantries should extend for the full width of vessel, always be adjacent to the 

dining saloons, and arranged only after considerable study to meet service requirements. 

A noticeable influence of competition and the Immigration Act can be seen in the third- 

class accommodations. Quality and comfort are the watchwords today rather than quantity 

in accommodations, and: steerage in the North Atlantic service is fast becoming a thing of the 

past. Vessels with large steerage capacity can only be filled at the height of the season, 

and only on the west-bound voyage, and suffer greatly between seasons due to their poor ac- 

commodations. Hence the best practice today is to provide comfortable cabins for third- 

class traffic. 
In the intermediate type of vessel it is essential that a large portion of the third-class 

cabins be of the portable type to permit the spaces being used for cargo if desired. Another 

important essential in liners which Mr. Rigg has made no mention of is to have certain blocks 

of interchangeable rooms which may be used for either first or second, or either second or 

third classes, depending on the variations of the trade. In this case the rooms must meet the 

requirements of the higher class. The crew, particularly the stewards, should in general be 

quartered in close proximity to their work, or else a fore and aft working passage provided 

on one of the lower decks. Where third-class accommodations are located forward, it is de- 

sirable to have a forecastle and plated bulwarks and so avoid the condition Mr. Rigg refers 

to of the forward deck being “so airy that none but able-bodied seamen can navigate with 

safety.” 
Single-berth rooms should invariably be inside ones and the larger rooms located as out- 

side ones, this in a large measure minimizing the ventilation difficulties. 

With reference to “Details of Construction,” may I call attention to the fact that ply- 

wood has recently been used in joiner bulkheads and panelled as required, proving very 

satisfactory and also a time saver. Electric galley ranges are to be preferred to oil fuel ones. 
It is agreed with Mr. Rigg that we are not as yet adequately represented on the North 

Atlantic, but this year has seen the beginning with the placing in service of several ex-German 

vessels recently reconditioned, the George Washington in particular; this vessel, being the 

largest and finest in the American service, is as good a combination of the practical and artis- 

tic as any. Bids are now being asked for the reconditioning of the Leviathan, and it is to be 

hoped that the reconditioning of the Mount Vernon, Agamemnon, President Grant and others 

will soon follow. Our place on the North Atlantic could be realized earliest by the imme- 

diate reconditioning of the better ex-German liners augmented by several of the 535-foot 

class vessels after extensive arrangements and additions have been made to meet the require- 

ments of this trade. 

Mr. Harotp F. Norton, Member (Communicated) :—I have not been able to give the 

paper sufficient time to really properly digest its contents, but it is certainly quite interesting. 

Of course their best friends would hardly cite the Shipping Board passenger vessels as 

ideal in arrangement, especially for general access. The reason is not far to seek—their de- 

sign as troop ships and conversion into passenger vessels. However, the point is that the 

American shipbuilder has not yet had a really good opportunity to show what he might do 

with a large passenger ship. Also, in our experience, it has appeared that the matter of 

arrangement depends largely upon the intelligence and progressiveness of the owner or opera- 

tor. His ways of doing things must be provided for and his ideas deferred to. These ideas 
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are built up from experience, and unless he is already changing long previous practice, or has 

the vision to see how it may be changed to advantage, one ship cannot be very much of an 
advance over another. 

It is doubtful whether in this country or any other the possibilities of comfort, service, 

convenience and entertainment of passengers on shipboard have been developed to anything 

approaching a maximum. Quite possibly some genius of an operator will some day appear 

who will develop a dining-room service, a room service and a deck service, and will provide 

for the comfort, convenience and pleasure of his passengers in a way that will quite astonish 

all of us. He will cause, or permit, an arrangement of the ship and its service features which 

it will be delightful to contemplate. However, it will only be through the cooperation of an 

operator and designer, each with sense and imagination, that any such happy culmination is 

likely to be made possible. 

The Society should feel indebted to the author for a paper which furnishes considerable 
information for future reference and suggests many lines of interesting thought. 

Tue CHarrMAN :—If there are no further remarks, I will ask Mr. Rigg to close the 
discussion. 

Mr. Rice :—I thank you, gentlemen, for the reception you have accorded my paper, 

and in reply I will endeavor to be as brief as possible without being so brief that I do not 

make myself clear. Dr. Sadler’s point as to giving deeper study to passenger ship design is 

well taken. Undoubtedly airship development must be taken into account in the long run; at 

present it is not in any way a rival for transatlantic passenger carrying, but it is now a rival 

to cross-channel ship service in Europe. Regular lines from London to Paris and London 

to Brussels are running. To what extent these lines are commercially successful is not 

known to me—but, judging by recent experience, the cross-channel steamers still have plenty 

todo. Recent large airship experience is not encouraging to transatlantic flight enthusiasts. 

Saving one day in five is evidently worthy of consideration, and that is what a 30-knot 

ship does as compared with the present maxima. For a surface ship to cross the Atlantic 

in thirty-six hours is not yet in the realms of practicability, involving, as it does, about three 

times present top speeds. 

Mr. Frear raises the question of the power given for the 700-footer on page 281 at 30 

knots. On checking over the table I find that I was a little unfair to the 600-footer at 30 

knots in the matter of displacement-length ratio, which had the effect of running the power 

up unduly. The figure of 137,000 originally given has been modified to 132,000. This bal- 

ances the curve better, one object of which was to show the undesirability of trying to push 

the 600-footer at 30 knots on account of the high residuary resistance. The term “fuel 

saving at high speed” does need qualification ; it would be better to have said “comparison of 

powers necessary for varying lengths at high speeds.”” Commander Kawahigashi also refers 

to this table; the low power at 30 knots for the 700-footer is that the residuary resistance 

is coming down to a practical amount at this length. These figures were based on experiments 

carried out in the Washington tank, but not on experiments for these particular vessels. 

’ Mr. Arnott asks if the design for the 1,000-footer ever got beyond the initial stages. It 

did not, but the initial stages were carried well along, though by no means up to the point 

of commencing to order material; the general arrangement plans were completed and some 

work done on weights and stability. I believe also that some experimental tank work was 

started. 
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With regard to deck houses, they would not be as extensive as is common on modern 

liners. With regard to the effect of increasing beam on the steel weight, there is, as stated 

in the paper, an increase in this item; it becomes a question of economy how much fuel is 

saved and what is the capital cost of that operating economy. I believe the operating econ- 

omy is frequently more than enough to justify the cost. 

Referring to Mr. Smith’s comment, detailed reference to the machinery of the new ships 
and its performance was avoided as not coming within the legitimate scope of this paper. 

The various methods of ship propulsion now available are most interesting, and adequate 

discussion of them is in process of formation, as is evidenced by other papers presented at 

these and similar meetings. 

Mr. McFarland’s remarks on watertube boilers are to the point; he has added informa- 

tion on new work of which I was not aware. 

Mr. Anderson’s suggestion of a later paper on the machinery of these new liners is a 

good one. Perhaps the Society will be able to secure such a paper next year; it is some- 

thing that would be valuable, because not any too often do you get a chance to compare 

different types of machinery in identical ships. 

Mr. Sperry’s optimism in the matter of high-power Diesel engines opens up a vision of 

economy in ship operation that will go further than appears at first sight; it will lower 

the size of ship needed to do the work as well as actual fuel per mile. 

Mr. Petersen speaks from an owner’s point of view, and that is very welcome at these 

meetings and something we could well have more of. I am glad he backs me up in the mat- 

ter of more beam and in the question of arrangement of saloons and galleys. The question 

of interchangeable rooms is an important one in several trades. As to the justifiable length 

for transatlantic liners, I have no set views, but have tried to urge the claims of the 750-footer 

as giving a ship large enough for comfort and good driving qualities. The 500-footer is out 

of it as a modern proposition; the 600-footer is small if you want speed in the present sense 

of the word. The 1,000-footer is out of joint with the present condition of world finances. 

Mr. Norton strikes a note that needs emphasizing—the comfort, service and conve- 

nience of the passenger. How familiar we are with the old game of crowding in as many 

rooms, miscalled state rooms, as possible. We cannot expect a ship to be a favorite that does 

not come out well along the lines Mr. Norton indicates. In a pinch, people will submit to a 

term on ships of the opposite character, but such ships do not develop passenger service in 

the real sense; they merely give a lift to a fellow who has to take the road. 
In conclusion I want to thank the gentlemen who have contributed so much of value to 

this discussion and to thank you all for your kindly reception of the paper. 

THE CHAIRMAN :—I as sure that we thank Mr. Rigg for this very stimulating paper. 

We will now take up Paper No. 11, entitled “The Influence of Shape of Transverse 

Sections upon Resistance,” by Professor Herbert C. Sadler, Member of Council, and Profes- 

sor E. M. Bragg, Member. The paper will be presented by Professor Sadler. 

Professor Sadler presented the paper. 



THE INFLUENCE OF SHAPE OF TRANSVERSE SECTIONS UPON 
RESISTANCE. 

By ProFessor HERBERT C. SADLER, MEMBER OF COUNCIL, AND 

Proressor E. M. Bracc, MEMBER. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

From time to time results of experiments on the influence of shape of bow and stern sec- 

tions upon the resistance of ships’ forms have been recorded, but usually these have re- 

ferred to special cases, sometimes accompanied by other changes of form and generally for 

vessels of somewhat high speed. 

Froude’s original dictum of U-shaped sections forward and V-shaped aft still lingers 

in the minds of most designers as applicable to all forms at all speeds. Some years ago 

some experiments on models of full form were conducted in the experimental tank at the 

University of Michigan (see Vol. 17, Society of Naval Architects and Marine Engineers), 

in which it appeared that the V-shaped sections, both forward and aft, gave the better 

results, 

The following investigation was therefore undertaken with the object of covering the 
field more fully, especially for the slower and moderate speed types. 

The parent body plans and curve of sectional areas are shown in Fig. 1, Plate 53, and 

indicate the changes in type of sections used. They are based upon a vessel 425 feet B. P. 

by 56 feet, with a normal load draught of 24 feet 9 inches and a deep load of 27 feet 9 inches. 

The vessel has a cruiser stern and a length on the deep load line of 435 feet, this length 

forming the basis for the spacing of sections. 

The shape of the cruiser stern had to be modified slightly with different lengths of run 

for fairing purposes, but at the 24-foot 9 inch draught the change in length was negligible. 

The various percentages of ends and middle bodies are given in terms of the length 

between perpendiculars. All the results have been reduced to a temperature of 65° F. 
In general, two parent forms were taken as follows: 

1. A model with a fixed length of run and with “medium” type of stern sections. 

2. A model with a fixed length of entrance and “medium” type of bow sections. 

Each model was further modified in the following manner: 

Fixed run 40.5 per cent Five lengths of entrance Each type with U, Me- 

IL, 1 Re from 23.7 per cent to dium, and V-shaped 

48.5 per cent L. B. P. sections forward. 

Fixed entrance 27 per Four lengths of run from Each type with U, Me- 

cent L. B. P. 24.3 per cent to 48.6 dium, and V-shaped 
per cent L. B. P. sections aft. 

The parent forms, with the above lengths of entrance and run, were selected from a 

former series of experiments covering some hundred types and appeared to be those that 
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gave the best results from a resistance standpoint, for the range of speeds suitable for the 

present series of models. Each model was tested at four different draughts and consequently 

represents four types of vessels with varying ratios of beam to draught, and varying pris- 

matic coefficients. 

The particulars of the parent form are given in the following table, the prismatic co- 

efficients being for the whole vessel, and a parallel middle body of 32.5 per cent. 

Bow sections Stern sections 
varying varying B/a 

15-footydranehity eee eet U, .734 .737| 
M30 728 3.73 
We LAY Maik 

20 footedrauchteeee teen eaaee Wi 35S .757| 
M, .754 a) 2.8 
Ws 38 790) 

24-foot 9 inch draught........ Wis) GZ 772) 
Mi 772 Ue 2.26 
Wo a 72 

27-foot 9 inch draught........ Wee785 783) 
M, .786 784 2.02 
We died 785 

For other variations of percentage of middle body and ends the change in prismatic 

coefficient is shown in Fig. 2, Plate 54. 

METHODS OF PLOTTING RESULTS. 

There has been some discussion in this and other countries as to the various methods 

used for recording the results of tank experiments. Here it has been customary to give 

the residuary resistance in pounds per ton of displacement on a speed-length ratio base. 

Abroad, the Froude constant system or values, or a modification by Baker, or [P] values 

have been used. Arguments pro and con for each system can be made, but the deciding fac- 

tor rests in the use to which the results are to be put. If for general comparative purposes 

in tank work, then the [€] values on a speed-length ratio base, or even [P] values possess 

certain advantages. In other words, the “ideally best” vessel may be readily deter- 

mined. If, however, the results are to be used by the practicing naval architects, it would 

seem that a somewhat more simple form would be preferable, especially as limiting condi- 

tions of design and the necessity of arriving at the results of minor modifications quickly 

are the governing factors. 

The following results have therefore been plotted in the form of effective horse-power 

= upon a speed-length ratio or Teas JE base, and apply directly per ton of displacement or 

to a 425-foot ship. 

They can be readily modified for any other length by multiplying by the square root 

of the length ratio up to a difference of 10 per cent either way, and within the limits of, say, 

2 or 3 per cent either way may be taken as practically constant for a given speed-length 

ratio. 
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Another reason why there appears to be no particular necessity for having a system 

which will apply to all lengths of ships from the model. up is that in practice the ratio of 

length to beam and beam to draught will vary considerably in passing from a small to a 

large vessel, and therefore the results of any set of experiments must necessarily have a 
somewhat limited application. 

The ratio of horse-power to displacement is also one of the factors entering into the 

economy of vessels and hence in preliminary design work may have to be taken into account. 

A discussion of the proposed method is given in the appendix. 

In order to exaggerate certain features in the present paper so that the diagrams will 

show more clearly the effect of the varying the shape of section of the vessel and to bring 

them into the limited dimensions of the volumes of our Transactions, some of the figures 

have been modified by a factor representing the cube of the speed-length ratio. 

RESULTS OF EXPERIMENTS. 

As a general comparison of U and V-shaped sections, Fig. 3, Plate 55, shows the 

effect upon the resistance for a full and a fine vessel with (a) stern sections and (b) with 

bow sections varied. With regard to the influence of bow sections it is apparent that, 

within the range of speed suitable for the vessel concerned, the V-shaped sections are best 
for the full form and the U-shaped sections for the fine form. 

When the stern sections only are varied, the influence upon resistance is not so marked, 

but in general the U shape appears to give the better results. It should be remarked, how- 

ever, that the so-called U sections aft are of the moderate type and not so pronounced as 
the corresponding bow sections. 

The diagrams shown in Fig. 4, Plate 56, and Fig. 5, Plate 57, illustrate, for a selected 

model, the variation of resistance in terms of speed due to modification of bow sections with 

a constant medium type of stern, and modification of stern sections with constant medium 

type of bow; and also the influence of change of draught from the light to the deep load. 

Figs. 5, 6, 7, 8 and 9, Plates 57 to 61, show the percentage of parallel middle body 

at which the resistance is minimum for any given speed, and the value of the effective horse- 

power per ton at that speed. They have been obtained from curves similar to that shown 

in Fig. 10, Plate 62, which illustrates the effect of the various changes for a selected speed- 

length ratio of .581. Each of the above figures refers to a given draught or, for the models 

concerned, a variation of breadth to draught of from 3.73 to 2.02. 

CONCLUSIONS 

A study of the diagrams will reveal certain facts which are of interest. In the first 

place, it is evident that no hard and fast rule can be laid down as to the best type of bow and 

stern sections for all ships at all speeds; and, in the second, that the best type of section for 

a given ship at the load draught is not necessarily the best for the same ship at lighter 

draughts. The selection of the best type of section will depend upon: 
1. The speed-length ratio. 

2. The fullness of the vessel. 

3. The distribution of displacement longitudinally. 
4. The ratio of breadth to draught. 

Certain rather broad conclusions may, however, be drawn. In the finer types of vessels 
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of the merchant ship type and at speed-length ratios over .75 and not exceeding, say, 1.0, 

the U-shaped bow sections accompanied with moderately V-shaped sections aft, 7. ¢., sections 

not too full on the waterline, will in general give good results. 

In the fuller types and at speed-length ratios in the neighborhood of about .6 or under, 

the V-shaped bow: sections, accompanied with moderate stern sections as above, will, in the 

majority of cases, give a satisfactory form. 

If it is anticipated that the vessel is to run at reduced draught for any appreciable per- 

centage of her time, then the U-shaped bow sections lose their advantage, and a compromise 

section will prove more satisfactory. Oil-carrying vessels and Lake ore carriers are an illus- 

tration of the case where the vessel runs for 50 per cent of its time at a considerably reduced 

draught. 

The underlying cause of the variation of resistance due to shape of section is probably 

to be found in the general conditions of stream-line flow at the ends, so that the prismatic 

coefficient of the ends, combined with the speed-length ratio of ends and also what might 

be called “diagonal fineness,” will influence the results. Admiral Taylor’s experiments on 

stream-line flow around vessels show conclusively that a good deal of the general flow is 

in a downward direction and, consequently, anything that can be done to make the path as 

easy as possible; i. ¢., by paying some attention to the lower parts of the sections, particu- 

larly where these fair into the midship part, will probably reduce resistance. 
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APPENDIX. 

The effective horse-power of any ship taken as a model will be 

Baby be = (7, Sy 174: te Vi) 00307. 

7, = Coefficient of friction for model ship. 

S, = Wetted surface of model ship. 

V, = Speed of model ship in knots. 

&,, = Wave resistance of model ship in pounds. 

At the same speed-length ratio the effective horse-power of a similar ship whose dimen- 

sions have the linear ratio 4 to the model will be 

Beene SeAci( 1222); eee AS IANS ix 200307, 

SUA pats) XeCORO7, 

© JOLIE. SS (QB ISR) Sa PD) Cy EEE So ore ptoi 

In terms of effective horse-power per ton of displacement, since displacement varies as 43: 

BEHUP SEP. Ss ad Piso eM sie, PVE Pes ANA \etS | ut eas 

(7 I: ) Dispt., 
—— - VES ve : 
Dispt., Dispt., ein 

Where the similar ship is only 10 to 12 per cent longer or shorter than the model ship, 

the second term can be neglected without introducing any serious error, and the effective 

horse-power per ton obtained by multiplying the similar quantity for the model ship by 4°. 

The power so obtained is for the same speed-length ratio as in the model ship. 

As an illustration, the following table has been prepared for a model ship of 425 feet: 

= 

Similar d Ream | ae i ho f yee f d.115 fr» — 

ship 0 ae : fa wh 

375 882 49.5 12.0 aOek Wad. on ceo .00853 | .00913 .949 —.00014 

425 1.00 56.0 13.5 1.00 AUOEINS llores ooo dl Mogan desl ueanehiaeb oll MucaH bison a cadunbaoadc 

475 1.118 62.5 15.0 LOB Wesaosecoc .00960 |} .00905 | 1.047 + .00013 

silt 

At the deepest draught the ratio of wetted surface in square feet to displacement in 

tons does not exceed 2.9 for the model ship, and for the lightest draught rarely exceeds 4.0. 

At the high speed-length ratio for this type of .68, the value of V?** is about 2,000. 

Using these values for a similar ship where A = .882 the value of the corrections becomes: 

-+ .00014 (4 x 2000 x .00307) = .0034. 

At the lowest draught the effective horse-power per ton of displacement of the model 

ship is about .30. If the simplified expression is used, the effective horse-power per ton for 

a similar ship will be .3  .94 = .282; and if the complete expression be used it will be 

3X .94 + .0034 = .2854 at the same speed-length ratio. 
In this extreme case the correction amounts to a trifle more than one per cent. 
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DISCUSSION. 

THE CHAIRMAN :—This paper, No. 11, entitled ‘““The Influence of Shape of Transverse 

Sections upon Resistance,” is now open for discussion. 

ProFessor L. B. Coapman, Member:—The Society is very fortunate to have this very 

valuable paper presented by Professor Sadler and Professor Bragg. An entirely new field 

has been covered, and the results will be very useful in merchant ship design. The profes- 

sion is certainly indebted to them for this piece of work which, we all know, must have taken 

a long time to perform. 

- I should like to speak briefly about the method of presenting the results. Last year we 

had considerable discussion along this line in connection with Mr. Robertson’s paper. The 

method used by Admiral Taylor and, until this year, by Dr. Sadler is to divide the resistance 

up into frictional and residuary. The residuary is plotted in pounds per ton of displacement 

ona base of VV L. This is avery convenient method, for the frictional resistance can be 

carefully and accurately determined and the residuary estimated from published data. The 

frictional resistance is generally about two-thirds of the total, and this can be definitely com- 

puted if the wetted surface is known. For ships without parallel body we have Taylor's 

Standard Series as a basis for comparison of residuary resistance, these curves being very 

useful as a standard for comparing the residuary of a new ship. Also, for this type of ship 

the wetted coefficient C in the formula W. S. = C vy D.L. is well known. 
Now when we come to ships with parallel bodies practically all of the published data 

wey v3 D?*8 

is given in terms of [C], where E. H. P. See the standard ship being 400 feet 

long. 
the experimenters in this field—namely, Baker, Semple and Robertson, all use a differ- 

ent base, either 7 VL or some variation of this ratio. McEntee gives all his data as E.H.P. 

for a 400-foot ship; so can be easily obtained. For ships of this type there are little 

published data on the value of the wetted surface coefficient C; and as all the data have been 

given in the form mentioned, it is a very useful and convenient method. 

Now Doctor Sadler comes forward with a new method of presenting results—namely, 

E.H.P. per ton, on a basis of V V L. As the curves of pounds of resistance per ton are 

known to cross each other when changes are made in the draught he probably used this method 

in place of the method. In order to keep his curves within reasonable limits he has 

divided the values of ae by (V VL)’. This is perfectly clear on the curves and can 

be easily corrected for. However, I believe that the correction necessary to apply before using 

these results—namely, that ae has to be multiplied by the square root of the length ratio 

(Wx )—is going to be overlooked bu the practicing naval architect. Thus, if the ship 

in question has some other length than 425 feet, is not the man picking up the paper going 

to overlook the necessary correction factor. It seems to me that if Doctor Sadler had pre- 

sented his results as E.H.P. -- D’/* the possibility of this error would have been avoided. 
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For changes of length within the limits that this data would be used, the second part 
of his correction factor can be neglected, as clearly shown in the appendix. 

Mr. A. J. C. Ropertson, Member:—In this very briefly worded paper, the authors 

have presented this Society with a mass of most valuable tank-test data which it would take 

many weeks to thoroughly assimilate. They have thrown a great deal of new light on the 

resistance of the fuller types of ships, suitable for slow to moderate speed, and the more we 

are able to go into these curves the more thoroughly do we appreciate the enormous work 

and the great value of this contribution. 

A good model freight ship has been used asa starting point, and that model has been 

varied radically in the shape of the transverse sections in the fore and after bodies, and in addi- 

tion the lengths of these bodies are variously proportioned to the whole ship length; and all 

the models have been tested at four different draughts and the results furnished (except in 

case of Plate 55). 

Plate 55 gives the first set of results, a full form of long run, and a fine form with 

equal entrance and run, and shows each with two kinds of stern and one bow, and also 

with two kinds of bow and one stern. The variation of the stern lines shows very small 

change in the resistance values, but in general the U-shaped stern with the consequent nar- 

rower water lines shows up somewhat better. This permits shipbuilders to indulge in a 

reasonable amount of club foot of the stern lines, permitting more rigid support to the pro- 

peller shaft and somewhat easier lines above water, preventing the slamming which occurs 

with a full counter when the vessel is making its way against a head sea. 

The variation in form is much more interesting where the bow is changed, and in gen- 

eral the results also help the naval architect because with the fuller model the V-shaped bow 

shows up considerably better than the U-shaped bow for the useful range of speeds, whereas 

in the fine model the U-shaped bow is the best. This apparently indicates that a certain 

amount of fullness is permissible near the base line irrespective of the fullness of the water 

line, but that excessive fullness, which is fatal to the ship’s structure in head seas, is also 

bad for the ship’s propulsion. 

In Plates 56 and 57, a single model is shown at four different draughts, and this throws 

a great deal of light upon the problem of U and V-shaped lines. In plates 56 and 57 the M- 

bow and M-stern resistance curves are indentical, Plate 56 being devoted to the effect of vary- 

ing the bow sections and Plate 57 the varying of the stern sections. 

Quite apparently the variation in the bow sections is the more important one, and con- 

siderable savings in power can be gained by the adoption of the correct transverse form. 

You will notice that, at the very large draughts shown at the bottom of the diagram, the 
difference between the V-bow and the M-bow is very much less than for the lesser draughts; 

this curious feature is in accordance with the observation I have made in analyzing other 

models. A fullness of transverse section in the underbody affects the resistance in propor- 

tion to its nearness to the load-water line. It is customary to think of the residuary resist- 

ance of ships as wave-and-eddy-making, and though we have no means of measuring the rela- 

tive amounts of these resistances this practice is a good one. That part of the ship which 

is sufficiently far under the surface has relatively little to do with the development of the 

diverging waves which are always lost, and the transverse waves which may be lost or may 

be, in a large measure, recovered according to the length of the parallel bodies adopted. If 

the lines low down are shaped for eddy-making only, the result will be good providing the 
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draught of the ship is sufficient, but at the lighter draughts wave-making is set up and inter- 

feres with the normal resistance of the ship. Before leaving Plate 56 it should be 

pointed out that for the different curves there is a different prismatic coefficient except at 

B 
a CAS) = AIS), 

Passing to Plates 58, 59, 60 and 61, these will probably be considered the most valuable 

part of this very valuable contribution. They represent an enormous amount of work and 

provide the greatest assistance to the designers of full-form ships, as they enable the de- 

signer at once to select the fullness of model satisfactory for any given speed at any given 

draught and provide him with resistance figures corresponding to that model. As for Plates 

56 and 57, the prismatic coefficient varies throughout this series, and therefore the resist- 

ance curves are composite ones representing an optimum model with constantly varying 
fullness to suit its particular speed. 

The speaker is fairly familiar with the various tank tests made public in this country and 
elsewhere, but I must confess that I feel very much at sea in regard to these new methods 

of presenting tank tests. Doctor Sadler and Professor Bragg have used two methods in 

these sets, Plate 55 being in the form of ea curves, and the other diagrams use a similar 

form divided by the cube of the speed ratio, a new form which is supposed to assist in the 

ready application of the results to ordinary ship work. 
The authors must be aware, however, that anyone who makes a serious study of the 

correct form for a ship must take into consideration not only this particular paper but all pre- 

ceding contributions to this subject to form a proper judgment of the value of these curves, 

and must have a good basis of comparison with other work. Unfortunately the conversion 

of the results of this paper to any other standard method of presentation is going to be quite 

a serious matter. For C curves at 425 feet the ordinates would be multiplied by 

As X £15 Ae 

427.1 (= 20.5 
You will notice that the resistances have been presented for a vessel 425 feet long, 

whereas generally in other papers these had been presented for a standard ship 400 feet 

long. The model resistances have been reduced to a constant temperature of 65° (the first 

time which Doctor Sadler has used a temperature correction), and this temperature must 

therefore be corrected to a temperature of 70° to make the results comparable with Wash- 

ington, or a temperature of 55° to compare with the Teddington tank. I think it is a great 

pity that the authors did not adhere to the 70° which is used in Washington. This tempera- 

ture was also used in the paper last year by myself, and as the Ann Arbor tank temperature 

frequently runs as high or even above it, no serious error could possibly have been involved 

in adhering to this figure until such time as the important authorities on ship resistance de- 

cide upon a standard method of presentation. 

The standard model used by Doctor Sadler evidently lies between model E.W. and the 

model F.W. in the paper of last year presented by the speaker, showing an excellent ¢/p ratio 

of 0.65, and the results of varying parallel middle bodies have been presented on a percen- 

tage of parallel body. 

The authors must surely be aware that such a form is very misleading if any changes 

are made in the curves of areas forward or aft. For that reason the speaker last year sug- 

gested the use of a standardized method of measuring entrance and run designated ¢/p. The 

for these models ) 
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most serious criticism of the whole paper in my mind has to do with the actual quantitative 

results themselves. These are expressed as already indicated, as E.H.P. upon displacement, 

divided by the cube of the speed ratio. Now I submit that this system, which is quite novel, 

and therefore useless for comparison purposes with any previous results, is also without the 

one advantage claimed for it—that it is suitable for ready application by the busy naval 

architect who does not specialize on ship resistances. This form of expression, which does 

not follow the law of comparison, gives serious differences for very limited changes in 

draught, and is impossible of application for any important changes in length, and therefore 

the data presented are very limited in their application; even a 12 per cent variation in length 

above or below that at which the results are given shows 1 per cent variation in resistance; 

and other draughts than those presented could only be obtained by the use of cross curves. 

Doctor Sadler and Professor Bragg must be aware that the advantage of experimental 

tank results is largely that it enables a designer to choose the minimum dimensions of a 

vessel for a given duty, and that the economies so effected are usually greater than the econo- 

mies gained by a slight variation in the resistance of a vessel of fixed size. Any investiga- 

tion along the lines of variation of ship dimensions must be carried out on a different basis 

than that on which these results are presented. Anyone who has had any experience with the 

Froude “C’’ Constant System will realize how very much superior it is to the one here used. 

I hope the authors of the paper will understand that in spite of this rather stringent criti- 

cism the paper appears to me as being one of the greatest value, and I join heartily in con- 

gratulating the Society in obtaining this admirable contribution. 

Mr. E. H. Rice, Member of Council:—It is in order to once more call attention to the 

very valuable work which Professor Sadler and his colleague, Professor Bragg, have done 

in the cargo-boat field. We heard this morning of the importance of economy of operation, 

and as a practicing naval architect I want to bear witness to the fact that these gentlemen 

have contributed to this in a very material, even if highly mathematical, way; they are stead- 

ily publishing the results of experiments which are valuable to our profession, assembled 

here and in other places, all tending to bring about economy of actual ship operation. It is 

just as important to have a low E.H.P. per ton of displacement as it is to have a low fuel con- 

sumption per horse-power developed. 

With regard to the methods of presentation, I am not going to enter particularly into 

that discussion, which is in able hands, but I feel strongly that anything that this Society 

could do to help standardize these methods would be welcomed by the profession at large. I 

have talked with Admiral Taylor, Sir Archibald Denny, and Mr. Robertson; and on one 

occasion, some years ago, was rash enough to venture some remarks of my own on desirable 

methods of presentation of results. The proper solution seems to be that the tanks should 

each retain their own working methods but adopt a common standard for publishing results; 

that appears to be the general opinion which I gathered in talking the matter over with gentle- 

men intimately connected with experimental tank work. 

Mr. Hueco P. Frear, Member of Council :—Doctor Sadler, as I understand it, has taken 

models on which exhaustive tests had previously been made to determine the best longitu- 

dinal distribution of displacement and found that by modifying the distribution of displace- 

ment up and down a considerable saving could be made. It is not my intention to discuss 

at length the body of the paper, because I have not given it sufficient study and there are 
others here who have and are carrying out that part of the program very well. 
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In regard to the system of notation I think naval architects, who are working on the 

job all the time, have methods of their own and reduce data given in various papers under 

different notations to some form they are accustomed to and thus are able to make more 

ready use of it. 

In the appendix I notice a formula Professor Bragg gives to develop from a given test 

the effective horse-powers for the same speeds of vessels of greater or less displacements due 

to an increase or decrease of from 10 to 12 per cent in length. It is seldom that, within a 

range of 10 or 12 per cent, one could not almost guess at the power for the same speed. In 

most cases it is necessary to jump over a much greater range to handle the miscellaneous 

problems confronting us almost every day. 

If model tests could be presented on four different draughts, by drawing cross curves, 

an almost unlimited number of modifications of length to draught and breadth to draught 

ratios would be available. Any formula or method by which this data could be extended 
over a greater range than 10 or 12 per cent in length would greatly enhance its value. I 

have used a method for over twenty-five years with satisfactory results, as far as my experi- 

ence has gone, without going astray very badly. We all know that skin resistance does not 

follow the same law of similitude that the residuary resistance does. If it did, corresponding 

powers and speeds of similar models could be readily found by using the ratio of displace- 

ments as a function of the power and the 6th root of this ratio as a function of the speed. For 

a range of only 10 or 12 per cent, this would probably produce results sufficiently close for 

practical purposes and involve no greater error than is often made in determining the pro- 

pulsive coefficient. I have found that, by using a slight variation of the 6th root of the 

ratio of displacements as a function for corresponding speeds, very accurate results can be 

expected over a much greater range. The modification of the 6th root will vary a little with 

different types but will not fluctuate much above or below. With data now available it is 

not difficult to determine these values, after which corresponding powers and speeds close 

enough for all practical purposes can be derived—at least this has been my experience. 

Mr. H. C. TowLe, Member:—lIt is some five or six years since I departed from a naval 

architect’s office, where I spent ten years applying these principles, and I probably look at 

some of these things a little differently from the naval architect who is actually practicing. 

These papers are like education—they form a valuable background for the practicing naval 

architect to work from; they give him, you might say, his limits, but enough emphasis is sel- 

dom placed on two points referring to the construction of vessels. One is that the naval 

architect tries to design a theoretical vessel as far as resistance goes, and tries to maintain 

the maximum efficiency in resistance, without adequate knowledge from the owners of the 
route over which the vessel is to trade. We have had recently, if I may criticise a little, some 

$60,000,000 worth of ships designed with U-shaped forward sections, very fine in the region 

of the propellers, but with very full waterline aft due to the cruiser stern, the natural result 

being that in a seaway these vessels dive unmercifully into the water forward. This proba- 

bly would have been foreseen and guarded against if they had been designed for the particu- 

lar trade they are in. The architect, I think, if possible, should make a voyage or two on the 

owner’s vessels before he is given the job of designing a boat for that owner’s trade. I think 

that more attention should be paid to that matter. 

Me. H. H. Scuutze, Member:—Without attempting to criticise Doctor Sadler’s experi- 

ments, which are a very welcome addition to Constructor McEntee’s previous paper, I would 
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like to enter the discussion on the method of presenting it. Having to make resistance calcu- 

lation very frequently, I find that Taylor’s method is very satisfactory, giving comparative 

results, and is a yard stick by which we measure the resistance of vessels, taking into account 
length, breadth, draught, longitudinal coefficient and the displacement-length coefficient. 

These are the factors which enter into his calculations, but not the refinements which are the 

results of Doctor Sadler’s present investigations. 

In most of the vessels built and designed nowadays—that is, slow-speed vessels—the 

skin resistance is probably two-thirds of the total resistance, and, therefore, we have attempted 

to devise methods of calculating the wetted surface very accurately; in other words, we at- 

tempted to determine two-thirds of the resistance very accurately, which allows great lati- 

tude for the one-third remaining. 

By calculating by Taylor’s method, resistance of models for which we have actual re- 

sistance curves, we obtain coefficients showing the relation of our own models to Taylor’s 

series, and, applying Taylor’s method and these coefficients, we can predict results with 

accuracy. 

THE CHAIRMAN :—If there is no further discussion, I will call on Professor Bragg to 
close the discussion. 

ProFessor Brace :—As there seems to be some misunderstanding regarding the use of 

the formulae given in the appendix I will dispose of that question first. 

The effective horse-power necessary to drive a ship at a certain speed can be divided 

into friction horse-power and residuary, or wave, horse-power. Given the data in this di- 

vided form, it is possible to find the horse-power necessary to drive a larger or smaller, simi- 

lar ship at a corresponding speed by simply multiplying the wave horse-power by a quantity 

equal to the length-ratio raised to the 3.5 power, and the friction horse-power by a quantity 

equal to the length-ratio raised to the 3.415 power. This friction horse-power should also 

be multiplied by a factor involving the frictional coefficients of the two lengths. 

Ti one does not have the effective horse-power divided into these two parts, but merely 

has the total of the two parts, the formulea given in the appendix can be used if the wetted 

surface of the model ship is known. 

Tf one does not have the wetted surface of the model ship given, then a close approxi- 

mation to the true E.H.P. can be obtained by using the simplified expressions successively. 

This is illustrated by the following example where we start with a ship 425 feet in length and 

work up by increasing the length 10 per cent in successive steps to a ship 624 feet long. The 

speed-length ratio is 0.727, or equal to 15 knots for the 425-foot ship. The wetted surface 

of the 425-foot ship is 36,350 square feet. The total E.H.P. in the table can be obtained by 

either of the first two methods mentioned. 

Wengthy of Ship feeteic utes aac co ee she c 425 468 SS 567 624 

Ratio of length to preceding length......... I as 1.1 Al 1.1 cil 

sietion) COCIICIETL ha yaeee are earee sire 00908 .00905 .00904 .00903 .00902 
Wave: Horse=powen = lari aaeracia ie cte cls tials 1,140 1,592 2,222 3,100 4,328 

iBriction horsepower fsee-a.- sees. a. 2,160 2,990 4,148 5,755 7,990 

A teal EEN ETS P72) a a yea the baeesay cee ea alee cate 5,500) | 4,582) 46,360) i Ss55 4) 12.318 

EP yobtatied by sine y lela leo SS enra ae Pek SA GOS OAZ AS 9709 12,510 
When factor 1.39 is used ................. .... 4,590 6,385 8880 12,340 
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The wave horse-power goes up as 1.1°° = 1.395, while the friction horse-power goes 

up as 1.1°4° = 1,388, with a slight modification for difference in frictional coefficient. If 

the form is good and the speed not excessive, the friction horse-power will constitute from 

70 to 75 per cent of the total. Ifa multiplier nearer to 1.388, say 1.39, should be used, the 

approximation is very close. 

The use of the approximate formula is well illustrated by the table in Mr. Rigg’s paper, 

on page 282. He starts out with a vessel of 585 feet length and goes up to one of 930 feet 

length. I do not know how he obtained those powers, but you can see how simple a matter 

it is if you make use of the approximate expression. 

Mength (Gieet) 45 24 ste afar aes ecele casa erste eons 585 735 850 930 
Mength ratio to precedined ase) ee ee ho 1.255 15 1.092 
Length ratio raised to 3.5 power............ Bee 2.21 1.63 1.36 

Power given by approximate formula....... 27,500 60,775 99,110 134,750 

Rowenenyeniiby Vin RIge Mane anlar aiee 27,500 61,000 97,250 135,000 

Occasionally it is desirable to be able to determine approximately the horse-power nec- 

essary to drive a ship at a certain fixed speed as the length is increased or decreased. If 

we have the horse-power for a ship at a certain speed, the horse-power at the same speed for 

a longer or shorter similar ship can be obtained from this by multiplying by the length ratio 

raised to the 1.7 power. This approximate formula should be used only when the speed of 

the derived ship is not in excess of a speed-length ratio of 0.6. When working from a model 

ship to a derived ship of greater length the power curve will be slightly under the true 

curve, crossing it at a speed-length ratio of about 0.6 and at high speeds will lie above the 

true curve. The reverse will be true when working from the model ship to a shorter de- 

rived ship. 

The data here given can be carried to any length of vessel desired by the formulae 

given in the appendix. If the displacements of various 425-foot ships are desired, they can 

be obtained from the prismatic coefficients given in Plate 54 and the midship-section coeffi- 

cients of .979, .981, .983 and .985 for the four draughts tested. The wetted surface can be 

found with all the accuracy needed for these formulae by means of the expression: 

Wetted surface = 16 V length x displacement. 

Mr. Robertson is quite right in calling attention to the fact that the parallel middle body 

percentage is of minor importance and the ratio of ends is the important factor. Plate 2 

gives the ratio of ends in terms of parallel middle body for the various models tested. 

The reduction of results to a standard temperature of 65° has been criticised. The tem- 

perature correction is uncertain at best, and it seemed wise to use 65° since the water varies 

from about 60° to 70° in our tank. The data were corrected at the rate of 1 per cent for 

every 3° of temperature variation. 
Various criticisms have been made regarding the form in which the results are given. 

Some would like to have the values used, some would like to have the residuary horse- 

power given in term of (displacement)‘/*, some would like to have all results reduced to 

a length of 400 feet. 
The authors would like to call attention to the fact that the paper was written primarily 

to call attention to the influence of shape of transverse sections upon resistance. No one has 
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said that the form of presentation did not bring out that effect clearly, and it was the quali- 

tative effect that the authors had in mind quite as much as the quantitative effect. 

The data from the Michigan tank have always been issued in the form of E.H.P. or 

W.H.P. per ton of displacement, and this paper does not depart from that custom except 

where necessary in order to show more clearly the effect of shape of section. The cube of 

the speed-length ratio was used for the purpose of bringing out more clearly the effect of 

section shape, and it was realized that the results in this form would not be as convenient 

to the naval architect as if given in the form of E.H.P. per ton of displacement. 

Mr. Robertson states that in the form in which the data are given its application is 

limited when draught and length are changed. This is true of any system, even of the 

one which Mr, Robertson advocates. In his paper of last year he gave the results for only 

one draught ratio, and the application of those results is very limited. In this paper we have 

given the results for four draught ratios with a corresponding increase in the scope of 

application. ; 

The authors wish to thank all those who have spoken so kindly of the paper and hope that 

the results may be of some value, even if each one does not find the data given in his favorite 

form. 

THE CHAIRMAN :—Do you wish to comment further, Professor Sadler? 

PROFESSOR SADLER :—I do not think I have anything to add to Professor Bragg’s re- 
marks—he covered most of the points. I think if you will read this method of plotting care- 

fully—you probably have not had an opportunity to do so—you will see that the E.H.P. per 

ton has certain advantages, and very evidently there has been some misconception as to the 

appendix in this paper. As Professor Bragg pointed out, the illustration in the appendix is 

simply to show the amount of error if you omitted the last part of the expression; and I 

think his illustration of the figures obtained by this method as applied to Mr. Rige’s paper, 

which was all done here in a few minutes on the floor, ought to be an indication that there is 

something in the method of using the E.H.P. per ton. 

THE CHAIRMAN :—This paper comes in that category of papers which so greatly enrich 

our Transactions and are viewed as a great repository of facts, as the result of research and 

study. I think that the Society is to be congratulated on having this very important con- 

tribution presented at this session, and I am sure that you will wish to convey the thanks of 

the Society to the authors for their contribution. 
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COMPLIMENTARY REMARKS TO RETIRING PRESIDENT, REAR ADMIRAL 

CARES: 

Mr. W. M. McFartanp, Honorary Vice-President:—I desire to bring up another mat- 
ter, and do so now rather than to wait until the close of the proceedings, because some of the 

members may desire to leave before that time. You will see that we should have as many of 

the members present as possible when we do what I shall submit for your action in a few 

moments. 
I think it is always a very fitting thing, when a member of an organization has played 

a very prominent part in its work for many years, and in fact, has been a guiding spirit, 

and one of the most active and efficient workers that has ever been honored by the highest 

gift which the Society can make, and has filled out his term as president in an admirable 

way and to the entire satisfaction of every member of the Society, that the Society should 

place on record its appreciation of what he has done, and its appreciation of him as a man. 

Our retiring president is a man whom many of us have the great privilege and pleasure 

of counting as a personal friend. I have known him for a great many years. If I told you 

just how many, it would tell you something about how old we both are, and I will omit that. 

He was one of the charter members of the Society, was secretary of the Society for many 

years, and has been one of the most active and earnest workers towards promoting the effi- 

ciency of the Society that we have ever had. It has been an honor to the Society to have 

such a man as president. 

He has filled a great many eminent positions in public life. He has been the Chief 

Constructor of our Navy. He has been the president of the Emergency Fleet Corporation, 

and he has filled with great efficiency a most honorable and exceedingly difficult position as 

chairman of the Compensation Board for the Navy during and since the war, during which 

time contracts amounting to more than a billion dollars were passed on by him. 

I feel I am only voicing the sentiment of every one of you when I propose a vote of 

thanks to Admiral Capps for the admirable way in which he has conducted the affairs of the 

Society during his term as president, and for all the work he has done during the entire life 

of the Society; added to which is our wish that he may live for many years to see the Society 

grow in usefulness, efficiency and reputation in the way his own efforts have been exerted. 

(Applause. ) 

Mr. Hueco P. Frear, Member of Council :—It is a great pleasure for me to second the 

motion of Captain McFarland. 

Tue CHAIRMAN :—By way of putting the motion, I am going to suggest that we give 

a rousing approval of the motion by applause instead of the usual method. Those in favor 

of the motion will manifest it in this manner. 

The members joined in great resounding applause of the motion. 

Tue CHarrMAN :—Admiral Capps, it gives me very great pleasure to convey to you the 

appreciation and thanks of the Society in terms that you have already heard. 



COMPLIMENTARY REMARKS TO RETIRING PRESIDENT. 317 

PRESIDENT CApps:—Gentlemen, this appears to be something that was not on the calen- 

dar—it certainly was not on my calendar—and I was quietly doing a little work which I hope 

will bear fruit in a few hours, so that I almost missed the major part of the performance 

until there sounded that appreciative note which brought to mind the image one might see 

if one were reading his own obituary—expressions of appreciation that do not always come 

to one’s ears when he is able to appreciate them. The remarks of the President-elect were 

particularly appreciated, not only as coming from my successor as your president, but from 

one who has been a life-long friend—we were not at the Naval Academy together, but the 

period between was not very great—and, throughout the career of this Society, has been 

what we can most properly and complimentarily call a veritable wheel horse of efficiency. 

I wish to thank him and all my colleagues most fervently for their expression of ap- 

preciation. My work for the Society has been one of the real labors of love during my offi- 

cial life, and, no matter what the future may hold, I believe that this Society has a very 

great field of usefulness before it. It is more prosperous now than it has been at any 

other time in its history. The interest in it is very keen. Moreover, the interest in the So- 

ciety is not confined to the younger members, but goes right through the list, including those 

of mature experience and years, and this interest will, I trust, continue forever. We have 

just arranged this morning at our Council meeting to have “memberships in perpetuity.” 

Those who fill the requirements laid down by the Council will have their names appear in the 
list of members continuously, even after they have passed from their field of activity. 

Again, gentlemen, let me thank you fervently for your very beautiful tribute. It is 

unnecessary for me to repeat that what has been said in appreciation of my services appeals 

strongly to one’s deeper feelings. I thank you again, most sincerely. (Great applause.) 

THE CHAIRMAN :—Passing to the other papers, Paper No. 12 was read at the morning 

session. We will therefore pass to paper No. 13, entitled “Power and Speed Trials of Ten- 

Thousand Deadweight-Ton Tanker,” by Mr. H. A. Everett, a member of the Society. 

Mr. Everett presented the paper. 





POWER AND SPEED TRIALS OF TEN THOUSAND DEADWEIGHT-TON 
TANKER. 

By H. A. Everett, Esg., Memser. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

The following description of the trials of a modern oil-carrying steamer of good size 
are presented, not with the idea of showing an exceptional performance but with the thought 
that extensive progressive speed trials of a merchant vessel at full load draught in conjunc- 
tion with the predicted performance, based on model experiments, will prove useful informa- 
tion to members of this Society. Incidentally there are several points in the working up 
of the data which differ from the methods commonly used for merchant vessels. 

GENERAL DESCRIPTION. 

The ship on which the trials were made was built by the Union Shipbuilding Company 
of Baltimore and was a new, steel, longitudinally framed, bulk oil carrying steamer, and with 
the characteristics tabulated as follows. The trials were run April 19, 1921: 

Lis eG L YA)! (ce ot Ste A Re RIN ee a 436 1” 

[cerayand nat (IB YISUEA)) «8 Suid Senate eh Geer cr ane tat GRRE aa a a 419° 3” 

cect han (VLAD mirage ee etter Wiss so 6 ol a ecshey ese a6 Sie os veiwce eanniells as EGY Si" 

Depilin CVil ds aren yee 8S seas. Wass ee! sO tois, oe) op alee attic 33’ 4” 
Class—Lloyd’s, *100 A-1; American Bureau, *A-1. 

Dau Scie: OMetbial prOtwamG meet ivtetale Ssh ls, 4 0 \e) 52s ale aysiin ce Yeas Asics ee 25' 6%4" 
EDNTTE hd aig Gudea) SN IAT ERO ORCS ER NEE en naa By 7 
FBUVEEIDY 5 Gly /61G, Silo AA ERE CORO OR ge eee Ge ee a Le 25’ 634" 

mMgialy displacements (hreshmwater immer = /.0-f-ys it. 14 chat) cha sa elaie s Jenin cic 13,390 tons. 
Wetted sSuniacen mere nrewarterte mice as rn eine dc ismavestial ah gud evacuate caea 39,160 square feet. 
Blockicoelicientsaer we arte cierto ecrnciiers etme a chat ae alia gigeedar ad 801 

Propeller—4 bronze blades, steel hub, 18” 0' diameter, 15’ 6” pitch. 
I SCARCE 

Bul” 
Boilers—Three S. E. Scotch, 15’ 10" diameter by 11’ 4” length. 

Furnaces—Nine 46" diameter. 

Engine—One triple expansion, 

‘Total: heatinigy SUpiaceter tere erie mes ee aie sins d slideshow 8,952 square feet. 
otal gratessupracesee ar SiotWo Biel Oole NSA RCS Ekta Re aR NC ea 189 square feet. 
Working. presSimes tarsus siteiey tare 2 ots isla bosses) sas eis. 9's 195 lbs. 
S. & K. oil burners. 

The model was towed at the U. S. Experimental Model Basin in Washington, D. C., 
and the results of these tests are given on Plate 63. 

THE TRIAL COURSE. 

The trials were run over a measured mile in Chesapeake Bay, off Kent Island and 
nearly opposite Annapolis. The course is an excellent one, with a depth of about 120 feet, 
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but is affected by appreciable tidal currents, which, however, usually run in a direction parallel 

to the course. The water is brackish with a density slightly greater than fresh water. The 

ranges are well defined, and, in addition, the terminals are marked by buoys. 

METHOD OF RUNNING TRIALS. 

The trials were run continuously and consecutively, beginning with the slow speeds and 

working up, except for runs 2 and 4, which are transposed on account of a misunderstanding 

of signals. The power was obtained with Crosby outside spring indicators, and at least three 

diagrams were worked up for each cylinder on each run. The reducing motion was of the 
quadrant type. The time over the course was taken by two observers with stop watches. 
Long turns were made at each end and conditions well stabilized on the straightaway before 

crossing the starting lines. 

PRELIMINARY CURVES. 

From the observed data two curves were plotted (Plate 64), one for the northerly runs 

and one for the southerly runs. These curves were then corrected in two steps, first for 

the wind effect, and second for the tidal or current effect. 

The observations made were time over course, revolutions per minutes and indicator 

cards. From the time over course, speed by shore can be derived; from the indicator cards, 

the mean effective pressure for each cylinder was figured and the mean effective pressure re- 

ferred to low-pressure cylinder calculated. (Denote revolutions by R. P. M., speeds by V and 

mean effective pressures referred to low-pressure cylinder by M. E. P.) As V and M. E. P. 

both vary with R. P. M., it is convenient to use R. P. M. as the primary variable. 

When plotted on R. P. M., speeds and M. E. Ps. fall into two groups—northbound and 

southbound. Northbound, the ship was running against both wind and tide; southbound, 

with both. Except for a few erratic points, fair curves can be drawn through these two 

groups of Vs. and M. E. Ps. and used in place of the original observations. 

Plate 64 shows the original observations plotted and the northerly and southerly curves, 

uncorrected for wind or tide, faired through them. 

DERIVATION OF FINAL CURVES. 

To these original observation curves were applied corrections for wind effect and tidal 

or current effect, as follows: 

The effect of the wind on the speed of the ship is proportional to the square of the rela- 

tive velocity of the wind by the ship. For example, at about the time of runs 2 and 3 the 

wind was estimated at 15 knots. Run 2 speed was 7.5 knots against wind and tide; run 3 

speed was 9.5 knots with wind and tide. Relative wind speed “against wind” was 22.5 

knots; relative wind speed ‘“‘with wind” was negative, or helping the ship, and of an intensity 

of 5.5 knots. The normal air resistance should be against the ship and equal to the speed of 
the ship through still water, or about 8.5 knots. 

Against; proportional to 22.5 = 507 

With; proportional to 55 = 30 

Normal; proportional to 85 = 72 

Change from normal—Against 435 

With 102 

Ratio | 44 
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The wind thus had approximately four times as much retarding effect as aiding 

effect. 

The M.E.P. curves feel only the wind effect, as the tidal currents move the whole body 

of water in which the ship is floating. From the above, therefore, we may approximate the 

location of the corrected M. E. P. curves at runs 2 and 3 as about one-fifth the distance be- 

tween the curves drawn with and against the wind. At higher speeds the wind dropped and 

the ratio of wind effects was less; at lower speeds the wind was stronger and the ratio was 

larger. In this manner the curve of still air M. E. Ps. was drawn. 

The next step was to make corresponding corrections on the two speed curves. The 

simplest explanation of the method is an example: The M. E. P. at 60 R. P. M. against 

the wind is 18.5 pounds; in still air this value would occur at slightly over 62 R. P. M. 

Therefore, from the “against” curve, the speed at 62 +R. P. M. can be read and plotted as 

corrected for wind on 60 R. P. M. The corrections for the “with” curve were made in a 

similar manner but are decreases instead of increases. The two speed curves corrected for 

wind can now be drawn. 

As the runs were made at fairly uniform intervals, the most accurate way of correct- 

ing for the tide is by halving the differences in speed between the “with” and “against” curves 
corrected for wind. 

The curves were then replotted, using speeds as the abscissae. From the corrected curves 

of speed on R. P. M. and M. E. P. on R. P. M. we can read for any speed, R. P. M. and 

M. E. P.: thus the I. H. P. at V knots can be computed. 

FINAL CURVES. 

The final power and standardization curves are given on Plate 65, together with curves 

of apparent slip and Admiralty coefficient derived therefrom. Table I, page 322, gives 
the observed and resultant data. 

Plate 63, already referred to, shows the curve of effective horse-power derived by towing 

the model at the U. S. Experimental Model Basin at Washington. The curve is for a slightly 

larger displacement (salt water) than the trial (fresh water) and was corrected to trial dis- 

placement. The difference was small, and the reduction was made directly proportional to 

PSE eae 
the displacements. The ratio gives the curve of propulsive coefficients also shown 

on Plate 65. 

CHECK ON WIND CORRECTION. 

_ The curve of M. E. P. on R. P. M. is independent of tidal or current effects and is af- 
fected only by the force of the wind. This being so, it should be possible to obtain from the 

curves the actual magnitude of the wind force on the ship. The no-wind curve is (subject 

only to variations in slip and propulsive efficiency) a direct measure of resistance of the ship, 
so that at the same speed the difference between the curves for “still air” and “against the 

wind” will be the M. E. P. used to overcome the force of the wind. As the M. E. P. curves 

are plotted on R. P. Ms., however, it is necesary to obtain the effect first from the speed 
curves in terms of R. P. Ms. (for constant speed), then for these R. P. Ms. to read the 

corresponding M. E. Ps. For example, we already know the corrections to the speed curves 

to allow for wind effect, and by adding and subtracting these to the final or no-wind curve, we 

can derive curves of speed on R. P. M. “with” and “against” the wind but without tidal effect. 
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TABLE I.—Data and Results of Standardization Trial. 

OBSERVED DATA. 

ED eo Time Revolutions Indicated 

Run: Prasat over course per minute horse-power Speed 

Mins. Sacs. 

1 Ss 7 #51 1/5 46 531 7.640 

2 N 8 18 4/5 60.5 1, 307 7.217 

3 S 6 15 1/5 62.2 1, 302 9.595 

4 N 12 03 44 530 4.979 

5 Ss 5 33 :1/5 70.8 1, 883 10.804 

6 N 6 29 2/5 69.8 1, 868 9.245 

7 S 4 64 79 2, 615 12.245 

8 N 5 =. 38 4/5 76.9 2, 448 10.626 

10 N 4 59 4/5 84 3, 181 12.008 

11 Ss 5 = 02: 3/5 82.1 2, 994 11.905 

jee ee 

RESULTS. 

Speed, Revolutions Indicated Apparent Admiralty Propulsive 
knots per minute horse- power slip coefficient coefficient 

5 35.6 278 083 254 42 

6 42.6 443 .079 275 46 

7 49.4 665 074 291 -50 

8 56.3 975 O71 296 52 

9 63 1, 355 067 303 53 

10 69.9 1, 835 065 308 53 

10% 73 2, 090 059 312 54 

11 76.3 2, 392 058 314 05 

11% 79.7 2, 724 .057 315 56 

12 83 3, 090 055 315 .58 

These curves are not actually drawn in again on Plate 64 in order to avoid confusion, but 

the result of a computation is given below. 
In still water at 8 knots speed the R. P. M. for the no-wind conditions are 56.3, while the 

R. P. M. for this same speed, when the wind was blowing against the ship, were 2.5 more, 

or 58.8. 
Corresponding to these the M. E. P. for the still-water and no-wind condition is 15.3 

pounds (read at 56.3 R. P. M.), and the M. E. P. in still water but against the wind is 17.8 

pounds (read at 58.8 R. P. M.). To visualize this, if the ship were going over a current- 

a 



TEN THOUSAND DEADWEIGHT-TON TANKER. 323 

less course at 8 knots in still air, the engine would operate at 56.3 R. P. M. and 15.3 pounds 

M. E. P. If a wind sprang up, in order to maintain the same speed the R. P. Ms. would 

have to be increased to 58.8 and also the M. E. P. to 17.8 pounds in order to produce the 

R. P. M. of 58.8. 

The difference between the I, H. Ps. for these conditions is (engine constant is 1.1316) : 

I. H. P. (against wind) = 1.1316 x 17.8 x 58.8 =1,184.4 

I. H. P. (still air) = 1.1316 X 15.3 563= 974.8 

Increase in I. H. P. = 209.6 

Increase in E. H. P. = I. H. P. X propulsive coefficient = 209.6 & .52 = 109.0. 

Bae 53,000 
Wind force = 8 x 1013 = 4,440 pounds. 

This wind force is that part of the total air resistance due to the moving wind. The 

assumed wind at this time was about 15 knots; relative wind 23 knots. 

Froude’s formula for the air resistance of a ship is given by Taylor (“Speed and Power 

of Ships”) as: 

Re —.0043°A 2 

Where 

R,, = Air resistance in pounds. 

V = Speed through air in knots. 

A = Area of upper works projected on an ’thwartship plane. 

For the case in hand .0043 A works out to 8.95, so that: 

It, == OSH Ye 

The force of wind by this expression is then: 

Wind force = 8.95 (23? — 8’) = 4,160 pounds. 

which is approximately 6 per cent less than the experimental value derived above (4,440 

pounds). 

Proceeding in a similar manner, going with the wind, 

R. P. M. = 55.7 at 8 knots; M. E. P. = 14,7 pounds. 
Difference of M. E. P. = 15.3 — 14.7 = 0.6 pound. 

Wind force = 1,023 pounds aiding. 

Wind as before 15 knots, then relative wind = 7 knots pushing ship: 

8.95 (49+ 64) = 1,010 pounds. 

or practically one per cent less than experimental value. 

Since these two percentages are not the same, it means that the no-wind M. E. P. line 

is not quite correctly located, but the difference is trivial. 
Either the area for use in Froude’s formula was estimated too small or the velocity of 

wind was assumed too little. 



324. POWER AND SPEED TRIALS OF 

It should be borne in mind that the experimental values of the wind force are arrived at 

by a process which is equivalent to the subtracting of one quantity of large magnitude from 

another, only slightly larger—always a treacherous proceeding; also that Froude’s expres- 

sion for air resistance of ships is considered to be only approximate. However, large vari- 

ations in a small corrective term, such as wind resistance usually is, do not have serious 

effects on the accuracy of the final results. 

For completeness there are included reproductions of typical indicator diagrams for each 

run (Plates 66 and 67), the engine-room log (Plate 68), and a drawing of the propeller 

wheel used on the trials (Plate 69). 

DISCUSSION. 

THE CHAIRMAN :—This paper, No. 13, entitled “Power and Speed Trials of Ten- 

Thousand Deadweight-Ton Tanker,” is now open for discussion. 

Proressor E. M. Brace, Member:—I think the Society is very fortunate in having 

this kind of information laid before it. There is information here which is very valuable 

to those who are trying to get data on propellers. A careful trial of a ship at various speeds 

is rather hard to find. In order to use this data for propeller design, there is only one thing 

missing, I think, and that is the wake of the vessel. It so happens that at the tank, while 

we have been testing models with various lengths of run, we have been running current me- 

ters behind the models to get the wake, and one of the current meters used is very close 

to the diameter which the propeller of this boat would have if reduced to the size of the 

model. The wake shown by these tests was about 29 per cent, and we are glad to contribute 

that information so that this data can be used for propeller design. 

This wake may seem to be rather low in comparison with the block coefficient, but the 

tests we have made so far show that the block coefficient is a very poor criterion of the wake 

and that there are other factors which affect it much more. 

Having contributed this much, I will ask Mr. Everett to contribute a little more. This 

paper can be used also for engine data. I know some years ago when I was trying to work up 

engine data, I found it very difficult to get good data on merchant-ship engines—I could 

get plenty of data on naval engines, but data on merchant-ship engines were very scarce. In 

order to use these data for that purpose, it will be desirable to have the diameter of the pis- 

ton rods, and also for the author to give the clearances, top and bottom, and the cut-offs of 

the different cylinders. To be sure, one can get the apparent cut-off from the cards, but 

these cards are small, and the apparent cut-offs seldom agree with the design cut-offs, 

and we have to work with design cut-offs. 

Again, model experiments such as have just been described in the last paper are run 

on models with a certain ratio of length to breadth. As soon as you get away from that 

ratio of length to breadth, you are a little uncertain as to the application of these results. 

The ratio of length to breadth in the previous paper was about 7.6, and the ratio of length 

to breadth in this model is 7.46. If we could have a little more data in regard to the 

lines of this vessel, it could be used in extending the data obtained in the case of a ship of 

one length-breadth ratio to a ship of another length-breadth ratio. If we could have the 
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percentage of length, divided by entrance, parallel middle body, and run, I think it would 

help out; and also the general shape of the sections, whether V-shape, U-shape, or medium 

shape. 

Mr. E. H. Rice, Member of Council:—I have taken up too much of your time this 
afternoon and will not take up any more than a few minutes now. I thinl we are to be 

congratulated on having made available from time to time the standardization results of 

typical merchant vessels at full load draught. As Mr. Everett says, they are generally not 

readily obtained; in this particular case, an oil tanker, the loading is easier, and it is grati- 

fying that the builders and owners have seen fit to contribute the results of the model tank 

tests compared with the actual runs. I would make one suggestion in connection with 

the question of standardization, and that is, instead of making runs in pairs, which I think 

was done 

Proressor EverETT:—They step up —— 

Mr. Rice:—I have evidently not as yet read the paper carefully enough to catch that 

point. What I was going to say was that the runs should be made in sets of three, as the 
Navy does, rather than in pairs, in order to eliminate tidal variation. The stepping-up 

method has a decided advantage in that R. P. M. have to be held with accuracy only during 

single runs. Could you decide definitely as to whether a ship had actually made her contract 
speed without a regular set of three or five high runs? 

We ran an oil tanker standardization recently on the Delaware breakwater course and 

had some trouble with the wind. 

Our analysis of the results showed that a loss of about 0.3 knot at full power was caused 
by the 20-mile breeze blowing down the course; however, I do not consider the data accu- 

rate enough for recording in detail, though it is clear that for trustworthy results the trials 
should be run over again on a day of less wind. 

Mr. Huco P. Frear, Member of Council:—I would like to ask where the vessel was 
tried and the depth of water on the course, and whether or not any correction is necessary on 
account of depth of water. 

PROFESSOR EVERETT :—There was about 120 feet mean depth of water. 

Mr. FREAR:—Was that on the Annapolis course? 

PROFESSOR EVERETT :—Yes, right off Annapolis. 

THE CHAIRMAN :—Is there any further oral discussion? If not, I will ask the Secre- 

tary to read a communicated discussion by Chief Constructor D. W. Taylor. 

Rear ApmiraL D. W. Tayror, C. C., U. S. Navy, Vice-President (Communi- 

cated) :—This paper, giving actual results of careful trials, is of the type which is always 

welcome to our Transactions; its value is permanent, for those of the profession interested 

in such matters refer to such papers for years. 

I was particularly interested in the method adopted for running trials, as it follows to 

some extent one of two methods proposed by me some years ago as desirable. The cor- 

rections for wind effect constitute a new departure, and I think few of us have realized how 
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great this effect is in many cases. By the author’s method of dealing in the first place with 

curves of mean effective pressure plotted on revolutions, the wind effect can be reasonably well 

eliminated if fairly close observations are taken of it. 

The further step to correct the speed curves for wind effect is not so obvious, but I 

gather that, if we assume the slip to be constant, the method is exact in theory which 

makes it quite close enough for the actual conditions of practice. 

The efficiency of propulsion deduced would be a shade higher if the actual E. H. P. for 

the trial displacement had been used. The assumption that in the neighborhood of the trial 

displacement the E. H. P. varies with displacement is near enough for practical purposes, but 

brings the E. H. P. slightly lower than if model trials had been made corresponding to the 

actual trial displacement. 

I hope that in the future we may have more such papers in our Transactions, and fur- 

ther investigations of the wind effect on trials. 

There is another effect, very real but hitherto not subjected to analysis, namely, the 

effect of the rudder. We know that the rudder when put over constitutes a very powerful 

brake, and there is a material difference between the speed and power curve with a good 

helmsman and a poor helmsman. Possibly some of our scientific members may reduce this 

matter to rule in time. 

Tue CHAIRMAN :—I will ask Professor Everett to close the discussion. 

Proressor EVERETT :—With regard to Professor Bragg’s request for additional data, I 

will be glad to furnish it. The reason why I put a drawing of the propeller in the back of 

paper is that I thought someone might wish to work up something in that connection. 

The cut-offs are given on Plate 68. The other data I will furnish. I will not be able 

to furnish exact clearances, but they will be nearly exact, and I will also send in the data 

requested with reference to the lines. The information in regard to wake is extremely 

interesting. 
With reference to Mr. Rigg’s remarks, may I take a moment to ask him to look at Plate 

64 again, because the object of the paper was partly to get away from the method that he 

mentions, namely, the averaging of groups of runs. 

As Admiral Taylor mentions in his discussion, some years ago he proposed two methods 

of making trials, one by running groups of runs under as nearly the same condition as pos- 

sible and taking the average, and the other, by starting at low speed and going up progres- 

sively, but keeping the runs in sequence, down and back over the course. It is the latter method 

that these trials are based on; that is, the trials were run consecutively, gradually increas- 

ing speed and paying no attention to the averaging of runs. If anyone should prefer to 

work up the runs, using the other method, the original data are given in Table I. I did it in 

a casual way, and the result came very little different from the final curve shown on the last 

page. I think the method used here has merit as being the logical procedure for getting rid 

of both the wind effect and tidal effect. 

I did not mention, in the brief abstract just read, one point I should like to bring out. 

On Plate 65, the lower right-hand curve is the E. H. P. taken from the model tank runs. 

The trial of the ship was made at a displacement which was slightly different from that (370 

tons less), due to the fact that the trials were run in fresh water but at the salt water load 

draught. To correct for the trial displacement, we derived the lower E. H. P. curve by 

comparison directly on the displacement basis, and the work which Professor Sadler and Pro- 

——— a ee 
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fessor Bragg have just given us in the appendix to their paper is very interesting, because 

it shows how little that assumption was open to question. 

Admiral Taylor’s remarks are to the effect that the propulsive efficiency curve would be 

slightly higher if the model were towed again at the tank at a displacement corresponding 

to that of the trial. We were unable to have that done, but I believe, as he says, that the 

error involved in that slight correction is not material. 

Agreeable to my promise I am supplying the information requested by Professor Bragg 

in his discussion at the meeting: 
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Top. Bot. Top. Bot. Top. 

Citrofeiminches enterprise tstoreisla itn vetorsi siete sicharn. ns 38.9 37.5 38.8 37.6 37.4 

Cut-off per cent of stroke ............2..2...2.-..5 76.4 73.6 76.2 73.8 73.4 

Cut-off per cent of stroke (mean)................... 75 75 

Lines—Length fore body, 108.5 feet = 25.9 per cent. 

Length mid. body, 164.1 feet = 39.1 per cent. 

Length after body, 146.7 feet = 35.0 per cent. 

In further reply to Professor Bragg’s inquiry as to the character of the sections, the sec- 

tions forward would probably be called of the “U”’ type, although they are by no means 

full U’s. The sections aft are V’s and the form has easy buttocks, and also easy waterlines. 

It should be noted from the proportion of form of the middle and after bodies given above 

that the vessel had a long and easy run for a vessel with a block coefficient as large as this one. 
Mr. James Kennedy, Superintendent of the Marine Department of the Gulf Refining 

Company, which is operating the ship, has very kindly contributed copies of the deck and 

engine-room logs for one of the normal voyages of this ship whose route lies between Port 

Arthur and Bayonne, N. J. These are interesting in that they show normal operating con- 

ditions. In this connection, however, it should be borne in mind that the vessel is operated so 

as to take full advantage of the Gulf Stream on the northerly run, and this effect is notice- 

able on the logged distances which are higher than would be obtained if operating on a 

route with no current. (Plates 70, 71, 72 and 73.) 

THE CHAIRMAN :—This is another of the papers which greatly enrich our Transac- 
tions, and such facts represent the results of carefully conducted trials, something we can tie 

to whenever our work may lead us into this particular field. 
I am sure you will desire me, on your behalf, to convey the thanks of the Society to 

Professor Everett for his most interesting paper. 
The next paper to be presented is entitled “American Shipyard Apprenticeships, 

Evening Schools and Scholarships,” by Mr. Charles F. Bailey, Member of Council. 

Mr. Bailey presented the paper. 
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AMERICAN SHIPYARD APPRENTICESHIPS, EVENING SCHOOLS AND 
SCHOLARSHIPS. 

By Cuartes F. Baitey, Esg., MEMBER OF COUNCIL. 

[Read at the twenty-ninth general meeting of the Society of Naval Architects and Marine Engineers, held 
in New York, November 17 and 18, 1921.] 

The object of this paper is to review the present situation and to call out suggestions for 
improvement. \ 

Apprenticeship in shipbuilding is generally in vogue in the older, established shipyards 
of this country. Some yards have had apprentice courses for many years, but only within 
the later years has there been any considerable interest in the matter, and even at this time 

there is an opportunity for advances which would be of benefit to both the apprentices and 
the yards. 

At present the various yard apprenticeship regulations are quite similar and include a 

considerable course of study, in most cases asa part of the system; in some yards indepen- 

dent evening schools are maintained for the benefit of the apprentices and other employees, 
both male and female. 

A movement is now under way to offer, as an incentive to apprentices, short scholar- 
ships in higher institutions of learning, which may be won by competition. 

The various apprentice regulations in the shipyards of this country embody the follow- 
ing features, but no one yard includes them all. 

The purpose of the course is usually to secure home trained men familiar with the work 
and methods peculiar to the individual yard. 

Trades in which apprenticeships are offered are as follows: Anglesmith, Blacksmith, 
Boiler Maker, Coppersmith, Draughtsman (Construction), Draughtsman (Engineering), 
Draughtsman (Hull), Electrician, Joiner, Machinist, Machinist (Steam Engineering), 
Molder, Pattern Maker, Plumber, Sailmaker, Sheet Metal Worker, Ship Carpenter (includ- 
ing shipwright work, boat building and spar making), Ship Fitter (including Mold Loft 
work), Ship Rigger, Welder (Electric and Acetylene worker). 

Length of Course.—This is usually designated as four years, sometimes of a certain 
number of hours per year. A number of companies have provisions for credits by which the 
length of the course may be reduced to a minimum of three years by reason of special pro- 
ficiency and all-round excellence. In one yard the credits on merit ratings are stated as 
follows : 

“At the end of each year the apprentice’s merit records in shop and in school are aver- 
aged to get a total average merit rating for the year. In striking this average the shop rec- 
ord carries twice the weight of the school record. 

“On the basis of this yearly merit rating the next succeeding year (2,240 hours) is 
subject to reduction on a sliding scale as follows: 
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Apprentices shall have de- 

ducted, from the next suc- 

ceeding year, time as fol- 

lows (hours): 

By securing in school and 

in shop a yearly average 

rating of (per cent): 

Equivalent to (per cent) : 

95 to 100 560 25 

90 to 95 396 17.9 

85 to 90 268 12.1 

80 to 85 136 6.1 

Below 80 0 0 

In other yards apprentices are credited with class work, two hours on their apprentice- 

ship for each hour of classroom work. This is for class work held on the apprentice’s time, 

from four o’clock to six p.m. On completion of the course an additional bonus of one hour 

per week is allowed for good attendance and faithful application. 

Another company allows credit for evening school and study courses, for time equiva- 

lent to the time spent in school. This company defrays the tuition of the boys at the school 

attended. 

All of these credits are given as an incentive to better work and greater efforts on the 

part of the apprentices. 

Requirements for Apprenticeship—tThe applicant must be between the ages of sixteen 

and twenty years, although application may be filed twelve months prior to reaching his en- 

trance age. A written statement from two competent persons certifying to the good moral 

character and habits of the candidate must be presented at the time of filing application. The 

applicant is not finally accepted as an apprentice until after a six-month probation period. 

At the end of the probation time a written report and recommendation by the foreman and 

leading man is made, and the boy’s suitability and qualifications for apprenticeship are acted 

upon by the supervisor of apprentices or by an official or committee in charge of the matter. 

Preference is given to applicants from families of the company’s employees and to those 

who have made the best progress in the public schools. 

Qualifications necessary are stated by various yards thus: average alertness, a good 

grammar school education, ability to read and write, familiarity with arithmetical processes, 

satisfactory personal presence, of such stature as to fit them for the trade selected, each 

candidate required to pass a physical examination by the company’s surgeon before entering 

the apprenticeship and a similar examination annually thereafter during the apprenticeship. 

To apprentices who have graduated from manual training schools, high schools or similar 

institutions or who have special qualifications, the company may allow a reasonable time 

credit. Apprentices entering the drawing rooms shall have had at least two years of high 

school work. 

Number of Apprentices in the Trades——No definite rule has been generally adopted as 

to the number of apprentices in the various shipyard trades. This is largely accounted for 

by the uncertainty of the work whereby the number of employees has varied greatly due to 

trade conditions and requirements for naval and merchant work. In slack times it is best 

to retain as many apprentices as possible, only weeding out those least desirable. 

One or two companies designate the number of apprentices in each department, as, for 
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instance, in the pattern shop the ratio of number of apprentices to number of workmen is 25 

per cent; foundry, 20 per cent; core shop, 20 per cent, etc. 

We have found from statistics that at the end of a five-year period only about 20 per 

cent of the men on the rolls at the beginning of the period remain, and at the end of ten 

years about 5 per cent remain in the employ of the company. These data are not available 

for the different trades but are for the entire force. On the basis that these data apply to 

the various trades (which they probably do not, strictly), it would appear well to employ 

apprentices approximately in the ratio of 20 to 25 per cent of the number of journeymen 

in each trade. 

Supervision.—This is handled by various methods. In one yard a supervisor of appren- 

tices has general oversight of all the apprentices throughout the yard and is the principal 

of the school work; under him are several instructors. The ratings for all of the boys, 

both in the shops and for school work, are reported by the supervisor. Courses of study are 

outlined, competitive examinations for assignment to the drawing offices are held, examina- 

tions for promotion are made and intelligence tests of Otis or Terman systems are conducted. 

In the shops apprentices are instructed by mechanics who especially look after a num- 

ber of boys, assign them work and instruct them in the correct method of performing the 

work, operating the tools, etc. This instructor arranges for a diversity of work in con- 

sultation with the foreman and the supervisor and makes monthly reports showing atten- 

dance, proficiency, character of work, etc. These reports are made in some cases on specially 

prepared forms by which each apprentice is rated. Following is such a form: 

SEHORPREPORD ON APPRENTICE: 

OW MilathyRUTes tanya tinisrimorelie se aoa een 

WiratishopenulessiasshenviGlated( (wuss uw Ne ee ee 

FOREMAN INSTRUCTOR 
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A PPrentice ss 21202 SURE Nea NMR SANDUNGES LSA at A Ae e 

TRADE ABILITY CHARACTER 

WORKMANSHIP INTEREST 

O Excellent O Enthusiastic 
O Good O. Interested 
O. Fair O Willing 
O Poor O Indifferent 

ACCURACY INITIATIVE 

O Accurate O Excellent 
O Careful O Good 
O. Fair O Fair 
O. Careless O Poor 

APPLICATION JUDGMENT 

O Very Industrious O Excellent 
O Good Worker O Good 
O Fair O Fair 
O Lazy O Poor 

APTITUDE CONDUCT 

O Quick to learn O Excellent 
O Medium O Good 
O Slow O Fair 
O Dense O Unsatisfactory 

SKILL MORAL SENSE 

O Adept O High 
O Skilful O Good 
O Fair O Medium 
O Awkward O Low 

Check Your Opinion Under Each Heading 

Promotion.—Promotion is based on the rating from the monthly reports from the vari- 

ous shops and for school work. 

school. 

In some cases the shop work counts double that in the 

School Work.—There is no uniform practice in regard to school work for apprentice 
boys in the various yards, although certain requirements in schooling are made by many of 

the yards. 

One yard states that apprentices may be required to take courses of instruction recom- 

mended or provided by the company and their rating in such studies and progress in work will 

be used as a guide for promotion. 

Another company expects apprentices to attend evening school unless their previous edu- 

cation renders this unnecessary. Here the apprentice committee cooperates with the city 

educational authorities in outlining the course of study to assist the apprentice to understand 

the fundamentals of the trade to which he is apprenticed. Some of the yards make use of 

the night schools entirely, sometimes with indifferent success. 
In one yard a school is established having six daily sessions per week, during the regular 

working hours beginning the second Monday in September and ending the last Saturday in 
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May. Each apprentice is required to attend the school two half-days each week during the 

school session for three yearly sessions, unless excused by the supervisor or on account 

of taking equivalent subjects in which instruction is given. Teachers are appointed under 

the supervisor of apprentices to give instruction and to prepare reports. For attendance 

on the school sessions the apprentices are paid at the regular rates. 

At one yard the classroom work is conducted through government aid under the Smith- 

Hughes Act. Under this act several teachers are obtained from the city high school, and 

classes are conducted in the plant during Saturday mornings. The salaries of the teachers are 

paid out of the fund provided by the act. It is reported that this arrangement has worked 

satisfactorily and that all of the teachers and apprentices take a great interest in the work. 

An objection to this procedure has been raised on the ground that the control passes from 

the yard. 

At another yard the classroom work is conducted by the Division of University Exten- 

sion, State Department of Education. Apprentice classes are held, on the apprentices’ time, 

from four o’clock to six p.m. No expense for instructors is borne by the company, which, 

however, provides the building, light, heat, etc. Apprentices under this course are credited 

with two hours on their apprenticeship for each hour of classroom work. On completion 

of the course an additional bonus of one hour per week is allowed for good attendance 

and application. A similar arrangement is also in vogue in another yard of this corporation 
in a vocational night school with corresponding credits. 

The one constant problem confronting the yards in connection with apprenticeship work 

is that of maintaining the interest and devotion of the boys. It is more difficult to hold the 
enthusiasm of the boys where studies are taken outside of the working hours than where 
the school work is a part of the daily or weekly shop schedule. Some of the more ambi- 

tious boys will, in addition to their apprenticeship work, voluntarily join, at their own ex- 

pense, night school classes, but the number of such boys is small. 

Drawing-room apprentices are selected from shop apprentices after having had at least 

two years’ practical experience. Competitive examinations are held in selecting these can- 
didates, who must have had two years of high school work. 

Pay of Apprentices.—This varies in the different yards, ranging, as compared with first- 

class journeyman wages, from about 30 per cent for the first six months to 80 or 90 per 

cent for the last six months. It is usual to increase the pay on the completion of each six- 

month period so that for a four-year course there are eight grades. At some yards the pay 

ratio is higher at the beginning and less at completion than given above. 

It is advisable, and most companies so provide, that the pay is subject to change as 

the rates of journeymen in the trades are varied. Several companies provide that no boy 

under nineteen years of age, or some other specified age, shall receive, in any department, a 

rate higher than he would receive as an apprentice in that department. This requirement 

was important during the war period in order to prevent dissatisfaction among the 

apprentices. 

Pay for lost time is not usually allowed, except in special cases recommended by the 

foreman and the head of the department. Overtime is usually paid at the same proportional 

rate as is paid other workmen, but only the straight time worked is allowed to apply on the 

apprentice term. Some companies reserve the right to pay an apprentice on piece work, con- 

tract or on a premium scale of wages, and the hours worked, so paid for, are counted in the 

number of hours constituting a year or half year. 
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Bonus.—At the end of the apprenticeship course it is usual to provide a bonus, varying 

from $50 to $100, for satisfactory completion. In some cases where the apprentice is 

obliged to leave before the completion of this time, otherwise than due to the neglect of duty, 

disobedience of rules or other improper conduct, the apprentice is paid such portion of this 

sum as the time served bears to the total term of apprenticeship. 

The yards reserve the right, in their discretion, to terminate an apprenticeship and dis- 
charge the apprentice for cause or improper conduct, and some of the yards reserve the right 

to suspend or change the hours of labor as commercial conditions render advisable, or, when 

necessary to reduce the working forces, to dispense with the services of the apprentices by 

suspension or dismissal. 

It is becoming a practice to provide for a regular and frequent change of occupation 

for each apprentice in order to give a varied experience. 

With a further view to increasing the apprentice’s general knowledge of shipbuilding 

and marine engineering it has been suggested that small divisions of the apprentices, accom- 

panied by an instructor, spend a portion of one school session weekly in visiting the various 

shops, divisions and departments of the yard to observe the important operations of work. 

At the completion of the term it is usual to present the apprentice with a diploma, which 

should be attractively and suitably engraved and signed by an official and the superintendent, 

certifying that the apprentice has completed his course as an apprentice in such and such a 

trade. (See Plate 74.) 

Owing to the large increase in interest in the American merchant marine during the last 
few years, it has seemed advisable to make the apprenticeship courses more attractive and 

more valuable as a means of training men for shipbuilding and engineering work. There has 

therefore been an increase in the opportunities given to the apprentices in the yards as a means 

of providing better satisfied, more skillful workmen. It is usual and well to take apprentices 

largely from the families of the employees, which tends to reduce the turn-over. 

The courses are therefore becoming more inviting to the boys, both from an educational 

and social standpoint. The apprentices are encouraged to organize themselves into associa- 

tions with duly elected officers, which of itself adds considerably to the education of the ap- 

prentice and to his general knowledge of affairs. A large number of questions are settled by 

these associations, as they are self-governing to a considerable extent. The apprentices 

thereby, if properly supervised, learn many of the essentials of good citizenship. They pro- 

mote sports and athletics and the spirit of rivalry throughout the organization and with 

other employees of the yard in games, such as football, basket-ball, baseball, etc. The value 

of such work is seen in the splendid physique, bearing and manliness observed in many of the 

boys. 

As will be noted, there is a growing endeavor to stimulate interest and good work by 

means of competition and prizes or credits for meritorious work. 
Evening Schools——In addition to the apprenticeship schools some yards in conjunction 

with the industrial Y. M. C. A. of the community or with other organized bodies or vocational 

schools, conduct evening classes to which the apprentice boys may or may not be eligible. 

These classes are not usually self-supporting. They should have the highest grade of talent 

in the director and in the teachers; and frequently this is easily obtained in large yards by 

drawing on the trained, technical college graduates, who are willing to give their time for a 

reasonable remuneration. Such schools are largely attended by workmen and young women, 

and some of the apprentices also take advantage of them for advanced work and for 

fitting for college. Their success depends upon the character of the director or supervisor. 
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With the right man to inspire and lead and with cooperation and interest evinced by the 

officials of the company, great encouragement is given employees for such work. The studies 

" include the ordinary grammar-school subjects and others such as electrical work, bookkeep- 

ing, French and Spanish, public speaking, hull construction, machine work, forge work, pipe 

installation, engine installation, steam engineering, joiner work, electrical work and sheet 

metal work. 

In speaking of the regular apprentice course, one of the large electrical companies expresses 

it thus: “One of the problems facing most boys of sixteen who are trying to choose a pro- 

fession is, ‘If I start work now, I cannot get a good education. If I get a good education, 

I cannot start work now.’ As a matter of fact they can do both. Many boys feel discour- 

aged because they cannot go to college for four years. It is a mistake for them to think 

that such an education is absolutely necessary in order for them to get along in the world. 

“These apprentice courses enable a boy to obtain a four-year job, and at the end of the 

term, in addition to having received a good practical education, he will have earned approxi- 

mately $3,000. What is perhaps more important still, he will have learned three important 

things which are not taught in college, viz., the value of a dollar, the independence which 

comes from earning one’s own living, and the strength of character developed by working 

with men. 

“In addition to these things apprentices come out possessed of a trade, and they are in 

line for promotion to higher positions. As someone has remarked, ‘Four years is a long while 

for a boy to look forward to, but it is a mere trifle for a man to look back upon.’ ” 

Scholarships—Some employees welcome an opportunity for advancement dependent 

upon their individual efforts and competition. In line with this it is suggested that large ship- 

building companies give consideration to the establishment of a small number of scholar- 

ships as follows: 

(a@) A four-year course covering work in language, mathematics, physics, chemistry, 

metallurgy, electricity, marine engineering, naval architecture or allied subjects in an ap- 
proved university, technical school or institute, granting the degree of Bachelor of Science. 

(6) A two-year course covering similar work in several of the above subjects in an ap- 

proved university, technical school or institute. 

(c) A one-year course covering similar work in several of the above subjects in an 

approved university, technical school or institute. 

(d) A home correspondence school course in an approved correspondence school 

or a course of thirty-six weeks in the Industrial Y. M. C. A. Evening Preparatory School 

of the city. 

Examinations for these scholarships to be held at suitable intervals. 
Provided candidates pass the requirements appointments to scholarships should be made 

yearly. It is suggested that the number of appointees be small during the first year that the 

scholarships are offered and gradually increased for the next three years, after which the ap- 
pointments would follow the maximum number allowed for the fourth year. This number 

of appointees is on the basis of a shipyard employing approximately 10,000 men with about 

200 to 225 regular apprentices in the various trades. 
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NUMBER OF APPOINTEES. 

Scholarships (q@) and/or (6) and/or (c) (da) 

First Year 2 4 

Second Year 3 8 

Third Year 5 8 

Fourth Year 6 8 

If in any year no candidates meet the requirements for a scholarship no appointment 

should be made for that year. Candidates for appointment to scholarships (a), (b) or (c) 

to have had the equivalent of a thorough high school course, which may be acquired by 

attendance at evening preparatory schools or otherwise. 

No apprentice should be eligible to more than four years of scholarship work or 

more than two successive scholarships, (a), (b) or (¢) or more than three successive 

scholarships (d). 
The company should reserve the right to revoke a scholarship at any time on evidence 

that the recipient is not making a satisfactory record, and to change the number of ap- 

pointees or to discontinue the plan at its option. 
In connection with scholarships (a), (b) and (c) the company should pay the neces- 

sary fees and tuition and provide a reasonable sum annually to cover subsistence for each 

school term and to defray the cost of technical books, instruments, etc., which should be- 

come the property of the apprentice. It is suggested that an allowance for traveling expenses, 

equivalent to one round trip annually, be made. An expense account in detail on proper 

form to be submitted monthly for approval. 
In connection with scholarship (d) the company should pay the necessary fees or tuition 

in the school selected and provide a reasonable sum to defray the cost of books, instruments, 

etc., which should become the property of the apprentice. 

On the above basis the cost to the company for the first year would amount to about 

$1,900; second year to about $3,400; third year from $4,500 to $5,000 and for the fourth 

year, and each subsequent year thereafter, from $4,400 to $5,950. 

Fifty per cent of the time spent away from the yard engaged on scholarships (a), 

(b) or (c) to count as part of the student’s apprenticeship. No time from the term of ap- 

prenticeship to be deducted for scholarship (d). 

During attendance on scholarships (a), (b) or (c) the apprentice should not receive 

the regular apprenticeship pay. He should serve in the works of the company during vaca- 

tions, for which service he should be given the regular apprentice rate of pay. 

Some people object to the establishment of scholarships for apprentices on the ground 

that the apprentice course is established primarily for the purpose of supplying skilled me- 

chanics and that the offering of scholarships will tend to cause dissatisfaction among the 

apprentices. It should be remembered, however, that in any large yard with, say, 200 ap- 

prentices, there are found yearly some of marked ability and that such boys, while they may 

serve out their apprentice course, will not continue as mechanics. Often these boys with 

brilliant minds are without means and sometimes in our own experience we have known 

them, after having served their apprenticeship, to enter college or technical schools under 

handicapped conditions and still make good. It is believed that, if wisely conducted, the 

granting of a few scholarships to the apprentices will attract a better class of boys to the 

apprentice courses and will lead to the discovery, by the company, of a much larger num- 
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ber of young men who will develop into valuable quartermen, foremen and officials, of even 

greater responsibility. 

With companies employing several thousand men it should be the aim to recruit both 
their technical staffs and managerial staffs as largely as possible from their own employees. 

The shipbuilding companies under the present business conditions and outlook for marine 

construction cannot offer a large number of extensive practical testing courses to technical 

graduate students as is done with such marked success by the large electrical manufactur- 

ing companies, and hence the technical graduate sometimes becomes discouraged and leaves 
the employ of the shipbuilder after only a short term. 

It is believed that a trial of the scholarship plan will greatly assist the shipbuilder in 

keeping up the quality of his construction and technical staff. 

The common cause of failure of home correspondence school courses is the lack of en- 

couragement and assistance to the student and his desire to begin advanced courses without 
suitable preparation. Where such a course is won as a scholarship the boy has the constant 

incentive to maintain his apprenticeship record and he also has the guidance of the supervi- 

sor or instructor to assist and encourage him. 

The establishment of scholarships (b), (c) and (d), as outlined aborel has been au- 

thorized by one large American shipbuilding company, and the details of this work are being 

developed with the intention of announcing these scholarships so that a few of them may be 

competed for and granted within the next year. 
In solving this problem of supplying our shipyards with men possessing manual skill, 

as well as technical and theoretical ability and knowledge, it is well not to overlook home 
talent familiar with the work of the home yards and whose ties are largely there. Such 
young men are in line for more valuable service to the company than those who are only 

highly technically educated or manually skilled or without the community ties. The combi- 

nation of these qualifications is a step in the direction of efficiency and progress. 

In making general promotions in the yard consideration must be given to the effects on 

the general morale. It is sometimes evident that men who have worked for most of their lives 

at their trades do not take kindly to working under foremen who are theoretical and techni- 
cal men without practical experience. This, therefore, is a call for trained workmen brought 

up through the apprenticeship system, well educated, skilled in the trades of their choice. Such 

graduates from the apprentices may work up to foremen and even superintendents. 

The large electrical companies have given the apprentice question more consideration 

than have the shipbuilders. They employ large numbers of technical graduates and immedi- 

ately place them in positions where they gain a good degree of practical experience in what 

might be termed “technical apprenticeship courses” open to graduates from engineering 
colleges. 

A novelty i in apprentice training has been introduced by the General Electric Company at 

Lynn, known as the cooperative course at the Massachusetts Institute of Technology. By 

the cooperative plan the apprentice alternates three months with the Institute of Technology 

and three months in the apprentice shops. This course has been arranged to cover a period 

of two years. A similar arrangement is in vogue with the Westinghouse Company 

and a leading university, and I understand some of the locomotive companies have also fol- 

lowed such a procedure with success. It is quite feasible for some shipyards, advantageously 

located, to take the initiative and work out something on the principle of the cooperative 

course with an engineering college, by which the apprentices may alternate with the institution 

selected. This would not be easily adaptable for isolated yards, far distant from the vicinity 
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of technical schools, but for yards situated near such institutions the problem is not 

difficult. 

This matter of apprentice training and education is one of great human interest and, if 

properly accepted by the shipbuilding companies, it is certain to strengthen the morale, reduce 

the turn-over and benefit both employers and employees. It should not be looked upon as 

social work but as a business proposition. Many large organizations now see that business 

with service is most desirable; here will be found a field for both. 

In the preparation of this paper I wish to acknowledge valuable information and sugges- 

tions from Messrs. H. A. Magoun, C. P. Wetherbee, Harry Brown, J. F. Metten, W. W. 

Smith, A. A. Howitz, G. Guy Via, C. P. Turner, and from the General Electric publica- 

tion, “Life in a Large Manufacturing Plant.” 

DISCUSSION. 

Tue CHarrMAN :—Mr. Bailey’s paper, entitled “American Shipyard Apprenticeships, 

Evening Schools and Scholarships,” is now before you for discussion. 

Mr. Ernest H. Peasopy, Member:—I think I express the unanimous feeling of this 

Society when I say that any paper presented by Mr. Bailey must not only receive the con- 

sideration and approval of the members of the Society but will also prove a valuable contri- 

bution to our Transactions. But I think that in this paper he has given us a very unusual 

essay and a much needed impetus to stop a moment and think about a subject which 

is at the very foundation of our lives. Most men are too busy chasing the ten-dollar bill 

(we used to go after the dollar but that is not enough now) to give any thought to the funda- 

mental basis of education of the young men who must follow us in our work when our job 

in life is finished. 

If we are going to leave the world any better off than when we found it, we have got to 

see that the young men who follow us have opportunities to learn their jobs so that they can 

carry on the work better than we have carried it on ourselves. And I do not think this is 

altogether an altruistic matter either. Every employer must take young men, inexperienced 

men, into his business, and invariably for a good many years he pays these men more money 

than they are worth. 
Now it seems to me that it is likely to be a money-saving proposition if the education of 

the young man is begun in a systematic way and is properly directed. I am a great believer 

in technical education, and I see not only no objection, but every advantage, in coupling 

technical training with practical work in the shop. 

I feel, however, that there is one very important matter which should not be overlooked. 

I do not intend to discuss the curriculum offered by Mr. Bailey. I am not a trained educator 

and I am not a shipbuilder. I have just stopped a moment in the whirl of life to think about 

this subject, and I find it of very great interest. But there is just one thought I would 

like to bring out and that is, as I see it, teaching is a “fine art.” It has to be studied, and 

if the teacher is going to achieve results with the young men he has under him he must not 

think that he can merely stop a moment in his everyday work—in his work, for example, of 

directing pattern-makers in the shop—to say a few haphazard words to the student. It will 
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be necessary for him to give considerable thought and study to the subject of just how he 

is going to talk to the young men in a way which will instruct and encourage them, because 

encouragement is, I think, a most important factor. 

I feel, too, that fair and honest treatment and avoidance of even apparent discrimina- 

tion against a boy is of paramount importance. Youth is very susceptible to impressions, and 

if you discourage a boy with injustice, or what he thinks is injustice, you will not get much 

work out of him and the memory will last a lifetime. 

My point therefore is that the curriculum must be esse pp lemeuted by careful study as to 
how it shall be presented. 

Mr. SPENCER MILLER, Member:—The paper by Mr. Bailey indicates that he has a 

true understanding of the wider educational facilities of our great industrial establishments. 

If it be true that we learn by doing, our factories must be adding not alone to the knowl- 

edge of the worker but to the science of education itself. 

Mr. Bailey suggests by bold relief the need of a closer cooperation between our techni- 

cal schools and our industrial establishments. This closer contact cannot fail to be of dis- 

tinct value to both institutions. It would seem to be logical that a plan devised to meet the 

needs of apprentice boys could not fail to bring into the ranks of the American workers 

an intelligence and perspective on their own work, and the relation of their job in life to the 
community as a whole which would be most salutary. 

What is true of the shipbuilding industry is no less true of the other great American in- 

dustries. In the light of our modern understanding of our responsibilities, our concern about 

the men who work in our factories does not begin at the factory gate in the morning nor end 

with the factory whistle in the evening. The growth of personnel, managers, and the exten- 

sion of service has gone wide of the mere working hours. And it is proper that this should 
be so. 

Lord Haldane, one of England’s most distinguished public servants, recently said in the 

October Forum that “education, if it be made adequate, may be looked on with hope as a 

palliative of industrial unrest.’’ Again he said, “It is the development of the soul of de- 

mocracy in this fashion that the movement for the education of the adult worker aims.” 

It is for this reason that I say that Mr. Bailey conceives of this plan with a true vision. 

The details of his classification (a), (b), (c), (d) provide a systematic way in which the 

varying demands of the apprentice group may be wisely met. It might add to the general 

honor conferred upon the different apprentices if the democratic machinery of self-govern- 

ment as outlined on page 334 were utilized and the candidates for these scholarships nominated 

by the apprentice group and selected by the educational adviser in the shipyard or industrial 

establishment. 

To the leadership of men like Mr. Bailey in the shipbuilding industry, we as engineers 

are indebted for showing the way to a better and more harmonious industrial relation. In- 

dustrial unrest is not inevitable unless we think it is. The application of intelligence, of 

understanding and good will, will do much to foster the real spirit of cooperation which is 

needed in our democratic commonwealth as well as in our industrial establishments. 

PRoFEssoR HaroLtp A. Everett, Member:—It is very refreshing to have a paper on 

education given before this Society, because such papers are not so very frequent in our 

proceedings, and I thoroughly agree with what Mr. Peabody said—that the life of the indus- 
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try rests with the young men you are training. It is not a question of altruism, it is purely a 

question of self-preservation of the industry, and any industry is by no means any stronger 

than the young men it has in training for taking positions in the industry later in life. 
The outline which Mr. Bailey has made here for apprentices presupposes, to a certain 

extent, that it is for the trades, and I believe that is the main object of the paper. As such, 

it seems to me admirable, and there is only one suggestion I have to offer, and that is with 

reference to his scholarship, Grade A. For this he is suggesting that the apprentices be sent 

to an engineering school for a four-year course. If this is meant as a reward of industry, 

I think it is admirable. If it is meant as a method of supplying applicants for second-line 

positions in the industry, it seems to me as if it would be better to get at it in another way, 

namely, to enter into cooperation with the technical colleges and get the men from the techni- 

cal colleges on some sort of contract basis. These men can be put through any course in 

practical training desired and then put into the positions they are heading for. We have 

worked out a scheme something like this, and it has been tried out with fair success. Our 

scheme was this—we took young men fresh from college on a two-year contract basis. We 

offered them $25 a week and started them with the full knowledge we would lose money on 

the men at first. They were to be stationed in various departments of the plant, and we were 

to keep tabs on them as they went from place to place, the stationing was to rest in our hands 

and not to be decided by their preference. The question of increase of compensation was 

arranged on the basis of an increase of $1 per week for every two months’ service they ren- 

dered, and that was an increase amounting to $6 a week during the course of a year, and at 

the end of the contract—the two years—the man either remained with us or did not at our 

option. As it happened, the cessation of activity put a crimp in our work, and we were 

compelled to part with many of the men we would like to have retained. 
We made compensation for experience in this way—we started a fresh graduate at $25 

a week. The man who had been out of college for a year received $30 a week, and if he 

had been out of college two years he received $35 a week. The man who had been out more 

than two years was not eligible for the corps. 

I believe the industrial companies agree with the educational institutions that this is the 

best way of supplying the second line of offense and are willing to cooperate with them, and 

it has been my experience that the technical colleges are not the ones who hang back on such 

an agreement as that. They are always willing to regulate the courses in any way they can to 

meet individual needs, without positively rearranging them, as some organizations seem to 

wish. You hear complaints from some of the short-sighted industrial organizations that 

these men are “no good,” and you analyze the matter carefully and find they are “no good” 

because some man, when the superintendent has asked him, has failed to know how to care- 

fully adjust a lathe or how to install certain piping, or some other bit of detailed knowledge. 

It is not that the colleges have failed, for they are not supposed to teach details but to give 

a sound, fundamental training. The industrial organizations should realize this. 

Mr. Benjamin G. FERNALD, Member:—Mr. Bailey’s paper discloses a recognition of 

the absolute necessity of thoroughly training, in the crafts, sufficient men to furnish a nucleus 

for the continuation of a high standard of workmanship, and he has met the difficulties 

squarely by offering sufficient incentive to attract and hold boys of the right sort. 

The technical college has brought about a condition with which I am not in sympathy. 

I do not believe that it works for the ultimate good of any business or industry to separate its 
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man power into two groups, namely, one group which does all of the actual work with little, 

if any, hope of promotion to an executive position, and another group consisting of the 

graduates of technical schools to whom the first group impart a smattering of practical 

knowledge in order that the second group may then do all the superintending and execu- 

tive work. 

As I see Mr. Bailey’s plan, it would eventually render any company following it able to 
man its executive staff with trained men and educated from the start to finish in and by the 

company. It might be argued that some of the men would leave the company and carry their 

knowledge to a competitive company. I do not consider this important as compared with the 

advantage of having executives who have a thorough comprehension of and sympathy with 
the duties and life of the workmen in the shop and yards. 

I know of a recent instance where a man who served an apprenticeship in a plant and 

went elsewhere, was brought back to it in an executive capacity and accomplished a decided 

improvement in production over the best efforts of many highly trained and specially edu- 

cated executives. Undoubtedly the results accomplished can be attributed primarily to the 

bond between the workmen and the executive because he had been and was still one of them. 
At the time this man served his apprenticeship no collateral educational advantages were 

offered by his company, and he had to acquire them in his own time and independently. 

The average success in after life of the graduates of technical schools would be very 

much increased if a larger percentage of them were recruited from such apprenticeship 

courses as outlined by Mr. Bailey. 

The only suggestion that I have to offer is that all concerned in putting such a plan 

into effect must guard against losing sight of the fact that its fundamental purpose is to 

make competent workmen, and that the educational features are in the nature of a reward 

for effort on the part of the apprentice beyond that merely necessary to secure his jour- 

neyman’s certificate. Where such a system is in vogue, little, if any, preference should be 

shown to technical graduates. If the education acquired by the latter before entering 

practical work is of any merit to them or their employer, that merit should be demon- 

strated and not conceded. 

ProFEssOR LawRENCE B. CHapman, Member:—I am greatly delighted to hear this 

paper by Mr. Bailey this afternoon, and as a college professor I can assure you all that the 

universities will be very glad, indeed, to cooperate to the fullest extent in such a plan as he 

proposes. 

Most of our students in college come to us without a clear vision of the field they pur- 

pose to enter, and many of them depend upon the advice of students or others in choosing 

their course at college. They generally are certain that they wish to study engineering, but 

their mind is not made up whether they should take the course in civil, mechanical, electri- 

cal engineering or naval architecture, etc. If we could have a class of men coming from the 

shipyards who have had practical experience and a clear idea of what kind of work they would 

be called upon to do, we could turn out a much better type of graduate. 

Careful attention should be given to the man’s high school training and preparation, 

however, so that he will have the proper preparation to enter college. 

I want to endorse the idea of practical training paralleling the theoretical training. The 

course in naval architecture that we have recently started at Lehigh University has for one 

of the requirements for the degree that the men must spend eight weeks in a shipyard on 
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actual construction work, and eight weeks at sea, during the summer months. We now 

have our first senior class of eleven men who have completed the requirement of practical 

experience of eight weeks in a shipyard and who have come back this fall after eight weeks 

at sea in the engine room. The shipowners have cooperated to the fullest extent in placing 

these men, some going to the west coast, others to Europe, and others to Mexico and Cuba. 

This present senior class is the best I have ever had the pleasure of teaching, as they have 

had enough practical experience to take great interest in their theoretical studies; and they take 

hold of their work in ship design with some first-hand knowledge of the sea and ships. 

Mr. Hueco P. Frear, Member of Council:—There is probably more information in 

Mr. Bailey’s paper on American shipyard apprenticeships than available from any other one 

source. It seems to cover the field both concisely and comprehensively. Those who have 

not given the subject special attention will note that as much progress has been made in the 

methods of training and encouraging apprentices as in the methods of teaching in our — 

public schools and universities. 

As the world progresses, the demands on the profession, the educator, the artisan and 

apprentice are more exacting. Opportunities for the deserving must be afforded for the 

attainment of greater proficiency in a shorter time than formerly. It is, however, difficult 

to say how far the education of the average apprentice should be carried in addition to 

making a good workman. Increased opportunities are to be recommended to the extent that 

they do not effect a decrease in personal effort. Fundamentally any system of apprentice- 

ship is to afford a boy an opportunity to learn a trade to make his living. The majority must 

work at productive labor or we would all lose our jobs. 

It seems to me that a grammar school education is sufficient for one who always expects 

to follow his trade, and that he certainly should have acquired this before arriving at the age 
of sixteen. The educational features of an apprenticeship should, of course, be open to all 

and not compulsory, but rather planned for the brighter boys who have the ambition to 

become something more than tradesmen. While this may not be precisely the idea expressed 

in the paper, it is perhaps not so dissimilar. The system of credits, reports and marks as out- 

lined by Mr. Bailey is well calculated to segregate the boys into their respective classes. 

While there seems to be some difference of opinion on scholarships, it seems to me an 

excellent idea. They should be awarded to only those who deserve them on account of their 

ambition, ability and personal effort. This, also, is in line with the thought expressed by 

Mr. Bailey. 
Local conditions would, in some measure, influence apprenticeship activities. Where 

there are good night schools they seem to fill the requirements and may be more permanent. 

They, at least, require effort and sacrifice on the part of the boy. The boys who will be 

most benefited will make the effort to go to a night school. I have known of about one 

hundred boys from one yard going to night school at their own expense. The same thing 

applies to correspondence home courses, but not to the same extent. 

The apprentice should learn the value of money and thoroughly understand that his 

pay and the privilege of learning a trade are compensation for work performed. No other 

money should be paid him except in the nature of a prize for completing his apprenticeship. 

Scholarships, correspondence courses, night schools, and other advantages, if paid for in 

part or in full by the company, should be regarded as prizes subject to more or less com- 

petition. 
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Mr. Bailey has the right idea about keeping up the interest of the boys. Individual 
attention has a great influence in keeping up interest. This individual interest should be 
dominated by the foreman who is always on the job, rather than by the professor, who may 
be able to render great assistance but, on account of other duties, cannot be everywhere at 
the same time. 

Mr, Witi1Am W. Situ, Member:—Mr. Bailey has covered this subject so well that 
there is but little to say except to express my agreement with the author’s views. 

The proper training of men, and especially the younger ones, is vital to the efficiency 

of an organization, and especially so to a complicated one such as a shipyard. 

As we all know, the training of men costs in time and money. Consequently, after 

a man has been trained in a certain line in a certain organization, reasonable effort should 

be made to keep him a permanent part of the organization. This applies especially to the 

more skilled trades and professions. 

It seems to me that more attention should be given to the training of technical 

graduates. Suitable courses which will give these men the varied practical experience re- 

quired will, I think, amply repay shipyards. Some of our most successful industries de- 

pend on technical schools for their most important supply of men. 

In general, I think that the training of personnel should be an official responsibility and 

function of a company. If it is not regarded as such, it cannot meet with success. 

Mr. H. C. TowLe, Member:—I have a few remarks to make on the principal features of 

the apprenticeship system, but I cannot resist the opportunity to say first a few words to my 

college professor friends. I am a college graduate myself, and for the last few years I 

have endeavored faithfully to put college graduates to work. I would urge you to make 

all the students understand that their college education is mainly useful to them as a back- 

ground for their activities. Of all the college graduates who have been under me, I only 

know of three who were conspicuously successful. They became successful because they 
forgot the theory taught in the college, and became (to use the vernacular) “roughnecks” 

with the gang. 

Many schemes for training employees have been discussed in the technical press and 

many books published on the subject in the last few years. With this mass of ideas avail- 

able it seems essential to me that each shipyard management shall: 
First, select the object that they wish to obtain by training. 

Second, select the students capable of accomplishing the desired object. 

Third, select material which, when taught to the employee, will accomplish the desired 

object. 

Fourth, select a method of teaching. 

It is further necessary in our judgment to “sell” the idea of training to the executives 

and staff of the plant; and sell the idea to the employee himself. In the case of an appren- 

tice it is also necessary to sell the idea to the parent of the apprentice. 

Under the first heading we wish to point out that, broadly stated, there are only two 

objects in view: 

(a) Training in the “art and technique” of the shipyard trade chosen. 

(6) Furnishing the opportunity for the highest possible development of each individual. 

Second, we think that more attention needs to be paid to the selection of boys or men 
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for training. Undesirable or unsuitable material which, in spite of careful selection, may 
be enrolled should be dropped promptly. The probationary period of six months usually ac- 
complishes this. 

By the end of the first year apprentices should be classed as to trade, the boys with design- 
ing or technical ability separated, and the “natural-born” leader identified. As soon as these 

qualities are determined the boy should probably be placed under training especially adapted 

to his individual ability. 
Third, we think that much training suffers from lack of definite, detailed objective. 

Whenever the training is successful someone must have, first, analyzed each trade into its 

constituent parts; second, determined how to present each elementary part to the apprentice; 

third, made sure that the boy comprehends the information presented. 

Fourth, whatever methods of teaching are adopted, we would call attention to the fact 

that the utmost flexibility in training courses is required, so that the apprentices may always 
have a task that requires their utmost ability and application. The habit of mental and 

physical activity is by far the most valuable asset a young boy can acquire. 

We find that the selling of the idea is most difficult and is an element that requires a 

broad-gauged, sympathetic understanding of the problems of the boys or men who may 

be under training. Particularly for boys the opportunity for advancement must be clear- 

cut and definite in order to arouse the boy’s ambition and clearly show the steps that 

must be taken in the future. Ten or fifteen years in a subordinate position when one 

is fifty years old appear as but one step on the ladder of promotion, but to a sixteen-year- 

old boy it is a lifetime, overwhelming and discouraging. 

One or two detailed experiences in the administration of a training department may be 

of interest : 

Some years ago apprentices for one or two years usually did the work of helpers, clean- 

ing shops and machines and other work of like character. While we believe this is per- 

missible for a few weeks, if long continued it results in disgust with the job and loss of inter- 

est. In one shop the evil was effectively corrected by fitting out a section of the shop with 

a complete line of the smaller sizes of machine tools—15-inch and 18-inch lathes, 24-inch 

planer, 8-inch slotter, 48-inch boring mill, universal milling machine, and radial and post 

drills and other tools. Practical instructors were assigned in charge of this division, and 

machinist apprentice courses were laid out so that they would spend their first two years in 

this shop, after which they were transferred to the larger tools of the main shop. The 

special instruction this furnished resulted in a more rapid development of whatever latent 
mechanical ability the apprentices possessed. 

Shortly after the above method was inaugurated the instructors reported that they were 

having trouble in keeping the boys interested because the work assigned to this division was 

usually of a repetitive character, very limited in variety. Remembering certain crude boilers 

and engines built in youthful days with small skill and great enthusiasm, the shop was di- 
rected to turn over the construction of all small machinery such as turning engines, circulating 

pumps and engines, and the like, to the apprentices. At present such small machines are com- 

pletely assembled, adjusted, run by air, and delivered complete and ready for operation. This 

method not only furnished a large variety of machine work, but it was found that if there was 

any mechanical aptitude at all in the boy, working toward a definite completed object aroused 

enthusiasm and sustained his interest. 
Several years ago courses in mathematics, drawing, strength of materials and similar 

studies were introduced. One incidental result is particularly worthy of mention. The six 



EVENING SCHOOLS AND SCHOLARSHIPS. 345 

months’ probationary period is supposed to result in weeding out incompetent and otherwise 
undesirable boys, but we found that sons of men holding supervisory positions were seldom 
dropped during this period, due, no doubt, to the disinclination of the shop foreman to pos- 

sibly offend his immediate assistants. As soon, however, as the independent educational di- 

vision began making reports of progress of the boys, we discovered the true conditions and 
corrected them. Today to be continued as an apprentice a boy must show ability both in his 
practical work and in his studies. 

Mr. C. S. CoLer (Communicated) :—Mr. Bailey in his excellent paper has pointed out 
many of the modern phases of industrial training. 

We are not awakening to the need for industrial education too soon. If America would 

build ships, we must have skilled artisans. If America would operate a merchant marine, we 

must have trained seamen. If America would have cargo to export, we must have economi- 
cal production and distribution. 

Broadly speaking, the main costs which enter into all these enterprises in which we are 

so vitally interested are labor costs. Trained men, if properly trained and directed, reduce 

the unit costs of production to a point where higher wages can economically be paid. 

In the past we have depended on Europe for much of our skilled labor. In order to 

meet the rigorous competition there it was necessary for the men to be carefully trained. We 

now enter a competition here which will reward the well-trained individual and the well- 

trained organization. If we are to compete in the markets of the world, we shall have to 

train our own men to a greater and greater extent. 

The following observations are made from experience in trades training with the West- 

inghouse Electric and Manufacturing Company. 

Work should be the backbone of industrial training. It must be dignified to a greater 

extent in our homes, schools, and also in our industries. 

Incentives should be established in order to attract, hold and encourage the proper 

young men. Apprentice rates should advance faster during the latter part of their course 

than in the earlier periods. The best apprentices should be enabled to materially reduce 

their length of training. The compensation after completing the course should be based on 

merit, as exhibited during the training period. Trades courses should be looked upon as one 

of the best means to prepare men for supervisory and planning positions. Opportunities for 

promotion to work of this kind should be offered those exhibiting executive characteristics, 

within a reasonable time after completing their course. 

As pointed out by Mr. Bailey, scholarships should be awarded those men who should, 

in justice to themselves and society, be given an opportunity for more advanced college 

training. 

The interest and assistance of parents should be solicited in connection with the training 
of their sons. 

The boys should be given increasing responsibility during their training period and the 
opportunity to meet and know some of the capable men of their trade. 

The future progress in industrial training, as in industry, lies in a quality rather than 

a quantity standard—fewer men, better trained. 

Mr. Maxwe tt W. Day, Associate:—The General Electric Company is not a shipyard, 
but it was mentioned in Mr. Bailey’s paper, and I would like to present a few comments on 

the part of our educational committee. 
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We do not attempt, in any of the plants of the General Electric Company, to maintain 

a definite ratio of apprentices to journeymen in any trade, but the figures given in the report, 

suggesting 20 to 25 per cent, seem high. This may be due to the difference in classification, 

as we have comparatively few trades reported in the apprentice course compared to those 

outlined in the report. We believe that special efforts should be made to retain graduate ap- 

prentices in the employ.of the company and, if that is done consistently, it will cut down 

the percentage an appreciable amount. 

We believe that a well-equipped training room gives an apprentice a better start in his 

trade than he could obtain in the open shop under the supervision of a mechanic. At all 

of the large plants of our company where apprentice courses are maintained we have train- 

ing rooms which are fully equipped with all types of modern machinery. All apprentices 

begin their work in these training divisions under competent supervision and are given thor- 

ough instruction on machine operation in addition to their classroom work. The length of 

time spent in the training room varies at the different plants but in general covers from nine 

to twelve months. After the boy has demonstrated his ability he is placed in the shops, where 

his training is completed. 

We heartily approve of the scholarship features and hope, eventually, to have something 

similar in our own industry. There is a growing demand for technically trained men in the 

shop, and we believe that a young man who has been trained in the shop and then sent to 

college for advanced training will prove a good investment. We have endeavored to em- 

ploy students during their vacation periods, especially between their junior and senior years, 

with the idea of familiarizing them with our organization and the opportunities available in 

the various lines of work. This, however, is in no way comparable with the full-time scholar- 

ship arrangement. 

In addition to the apprentice course for the shop we have a student engineering course 

for graduates of technical schools, selected by a representative of the company who visits 

the various technical schools. 
f | ee 

Mr. L. C. Brooxs, Member:—In connection with Mr. Bailey’s very excellent paper re- 

garding the training of apprentices, I wish to emphasize the idea of cooperation between the 
school and shop. 

In the year 1917 the A. S. M. E. devoted considerable time to the discussion of this 

subject, especially as applying to machine shops. As large machine shops and shipyards 

are somewhat parallel in their activities, no doubt the results of one would be helpful to 

the other. 
I believe that the University of Cincinnati and the machine tool builders of that city 

have carried out a scheme similar to that mentioned by Mr. Bailey as applying at Lynn, and 

with very good results. 
The best workmen of a generation ago, both in this country and Europe, were appren- 

tice graduates. The basic principle of those days was work. But today, as Mr. Peabody 

stated, too many are looking for the dollar, and possibly trying to escape work. It is a 

question whether this tendency can be overcome with the present generation. The offering 

of rewards, etc., no doubt, will help a great deal. 

But I firmly believe that we must go farther back if we wish to have the boy in the 

proper state of mind when we begin with him as an apprentice. We must begin with the 

primary school. 
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As we read our local papers and note the tax rates, and comment on the increase or de- 
crease, do we stop to think how much better prepared our boys would be to meet the problems 

of life if our taxes were increased a few more cents so that we could pay the primary school 
teacher a sufficient salary to attract an efficient person as teacher? 

Mr. W. M. McFaruanp, Honorary Vice-President:—My good friend Bailey asked me 

to say a few words on this paper. I think he was under the impression that there would not 

be much discussion concerning it—on the contrary, the paper has had more discussion than 

any other paper presented, and almost every point that occurred to me has been made by 
other speakers. 

I have read the paper several times, and I want to compliment Mr. Bailey on the care 

with which it has been prepared. I agree heartily with practically everything he says in it. 

I think that one point he has looked out for was not stressed in the discussion, namely, that 

the main object of the apprenticeship course is to train skilled workmen and not designing 
engineers. He makes the point that in the course of the training of these boys to be skilled 

workmen, some very brilliant ones may come along, and an opportunity should be given to 

let these boys develop to the very best of their ability, and with that I am in hearty accord. 

I remember some years ago when Professor Goldwin Smith, the famous historian, who 

was in Cornell in the early days, made an address before a Cornell alumni banquet in Wash- 

ington. Mr. Cornell’s idea in starting the college was to make it easy for everybody to get 

a college education. They had a machine shop where boys were supposed to earn a living, 

and also a farm and a printing shop. It was found, in the working out of the plan, that the 

two things did not go together, and they had to go to straight education. I am telling you 

this to show what Professor Smith had been through. He said he had been a believer in 

higher education, but that he had come to the conclusion that it was a mistake to make higher 

education too easy, or, in other words, offer a bonus to encourage large numbers of people to 

go to college. He thought, on the contrary, it was better to make it a little difficult to get 

the higher education, so that the ones who did get it would be persons of real stamina and 

real value. 

In another part of the world, in an entirely different way, I had my attention called 

to this same thing, and that was in connection with Greece. I became acquainted with a 

Scotch engineer in Smyrna who had a works of his own, and he told me that the Greek 

people were so impressed with the value of education that the shepherds in the farming part 

of the country would deny themselves food in order that their boys might go to the college 

in Athens and get a college education and become lawyers. He said: “What was the 

result? After so many of them became lawyers there was not enough work for them, so 

they got into politics, and the ‘outs’ are always trying to turn out the ‘ins’ so that they could 

get in, and that is the reason why they have so much trouble there.” 
Dr. Smith said: “I am afraid in making the higher education too easy we have spoiled 

a good many good clerks and good mechanics and people of that kind to make a lot of people 

who seek higher grades of activity with indifferent success.” I think Mr. Bailey’s plan is 

well laid out with regard to this matter of training boys to be skilled mechanics, with the 
chance that the brilliant ones, when they are discovered, will be encouraged to go on and 

qualify themselves for the higher work. 
I am connected with a little school myself, and this is the proper place to speak of it, as 

Mr. Webb, the founder, was a charter member of our Society and one of our early vice- 
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presidents. As most of you, I hope, know, Webb Institute of Naval Architecture provides 

an education free of expense. The only expense upon the boys is to provide their own 

clothing—the institute provides the teaching, board and lodging, medical attendance if they 

are sick, books, instruments, and everything of that sort. The entrance is by competitive 

examination, and I speak of it in this connection, because while many of the large and 

wealthy corporations (if there are any now, in view of present circumstances) might be 

able themselves to pay for the education of boys whose families could not afford it, I will 

say that we admit some twelve or fifteen every year at Webb, and it is a wonderful oppor- 

tunity for a bright boy whose people are not able to send him to one of the larger institutions 

where he would have to pay. 

I hope that all the people connected with our shipyard and engine building concerns will 

bear Webb Institute in mind, and, when any of their men have bright boys who have a high 

school education, will tell them that we will be happy to have them make application to Webb, 

and will give full information about where to take the examination. 

Tue CHAIRMAN :—It is unfortunate that clocks go on, and if there were more time 

available I am sure we would all like to discuss these subjects further. There are two 

communicated discussions which we will not have the time to have read here, but they will 
be incorporated in the Proceedings. They are by Mr. Macalpine and Mr. Cathcart. 

Mr. Joun H. Macatprne (Communicated) :—I have read Mr. Bailey’s paper with the 

deepest interest and cannot commend too highly the enlightened and altruistic service which 

will be rendered by the institution of the proposed scholarships. 

In the eighty’s on the Clyde, and possibly other shipbuilding centers in Britain, the plan 

of selecting by written examination the apprentices to enter the drawing office was initiated. 

But there was no thought of a school in the works to train all the apprentices. The more 

ambitious of those, who had no opportunity of university training, flocked in large numbers 

to excellent technical schools which had both day and evening classes. But long hours in the 

works and then evening classes made a very exhausting day and left little time for adequate 

study. Nevertheless, this system gave great results. 

The opening of schools in the works, as is now common in this country, was a great ad- 

vance in several directions. While the equipment and teaching force of such schools must 

always be far below that of a good technical school, it can take in all the apprentices, reduce 

the working day to a proper length, and give opportunity, to those who are earnest and am- 

bitious, for study and preparation in the evening. This, with the daily practical shopwork, 

will not only give us again the excellent mechanics which were the product of the old ap- 
prenticeship system, now fallen into desuetude, but new men of broader training and 

intelligence. 
Those works’ schools are not intended to replace institutions of higher learning, and 

could not possibly do so. Thus there was a step missing. But, as Mr. Bailey points out, they 

make it possible to discover the brilliant minds and, by scholarships, supply the opportunity 

which, frequently, want of means has withheld. In many cases the desire for learning will 

be aroused for the first time. It is perhaps becoming too common for parents in good cir- 

cumstances to believe that their sons should go to college whether ardent students or not. But 

the plan proposed has none of this danger. Every day shipbuilding and engineering are 

leaning more and more on science, and it is necessary for the advancement of these profes- 

sions, and, through them, of the country, that those who are capable of attaining a mastery 
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of chemistry, physics, mathematics or allied subjects should be given the opportunity to do so. 
I intentionally write “a mastery,” for we frequently hear the expressions “engineering- 
mathematics” or “engineering-physics” which are as objectionable as other hyphenates. A 
man’s power in engineering will grow with his knowledge of such subjects, and he cannot 
advance too far—his studies should be limited only by his capability and his required atten- 
tion to other necessary duties. But with the growth of his theoretical knowledge he should 
earnestly strive to acquire what is much more elusive—engineering judgment and common 
sense. For instance, if a physical problem in connection with engineering has to be solved, 
the proper assumption and data for his equations can only be determined by a sound knowl- 
edge of practical conditions such as the practical part of his apprenticeship course can sup- 
ply; not, as has so often been the case, by some imaginary conditions, only remotely resem- 
bling fact, which perhaps allow the equations to be solved more easily. 

There is one condition which is proper and probably laid down, but which Mr. Bailey 
does not mention. It would only be fair that, in return for receiving a scholarship, the ap- 
prentice should bind himself to give the company his services for a term of years after the 
apprenticeship is completed or to pay back the money received. The remuneration would 
have to depend on the position he could hold and his ability. (Since writing the above 
I was interested to learn that the Westinghouse Electric and Manufacturing Company has 
instituted War Memorial Scholarships, four each year for not more than four years. The 
value is $500 per annum. The first four were awarded in 1919. There is no condition, 
such as I suggest, attached. ) 

The arrangement between the General Electric Company at Lynn and the Massachusetts 
Institute of Technology is probably the same as that now adopted by several universities and 
originated as the Cincinnati plan fully fifteen years ago. For instance, “every student of the 
School of Engineering of the University of Pittsburgh during his course is required to work 

four terms of three months each, in some of the engineering industries of the Pittsburgh 

district.” The quotation is from a pamphlet entitled “The Cooperative Plan of Engineer- 

ing Education,” giving details, which can be obtained from this university. While in the 

works the students are kept under the observation of their professors. 

ProFEssor W. L. Catucart, Member (Communicated) :—This paper has marked in- 

terest and value, both in its comprehensive review of the present training of apprentices in 

American shipyards and in its suggestion of changes in the methods of their education which 

would attract a better class of boys to these positions and act also to strengthen the morale and 

increase the loyalty and permanence of the whole force of shipyard workers. 

The author states: “We have found from statistics that, at the end of a five-year period, 

only about 20 per cent of the men on the rolls at the beginning of the period remain, and at 

the end of ten years about 5 per cent remain in the employ of the company. * * * On 

the basis that these data apply to the various trades (which they probably do not strictly), 
it would appear well to employ apprentices approximately in the ratio of 20 to 25 per cent 

of the number of journeymen in each trade.”” From these statements it is clear that, to main- 

tain the full efficiency of a shipyard force, the adequate training of a relatively large force of 

apprentices is essential. 

With regard to present systems of training, the author states that apprentices are usually 

given a four-year course which includes, in addition to shop and yard work, a considerable 

course of study in sessions during working hours or at evening school. He adds: “The one 
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constant problem confronting the yards in connection with apprentice work is that of main- 

taining the interest and devotion of the boys.” 

To stimulate that interest, the author suggests that large shipbuilding companies estab- 

lish—to be won by competitive examination—a limited number of scholarships for marine 

engineering, naval architecture, and their allied subjects, in technical schools or untversi- 

ties, and leading, in the case of a four-year course, to the degree of Bachelor of Science. 

The establishment of such scholarships would, in my view, go far toward stopping a 

waste of brain power and money which seems inherent in the present system of training ap- 

prentices. In every class of them there will be found a few boys abler mentally than the rest, 

and stirred by a desire for a higher education than the yard schools can give. The money 

spent on their training in the usual apprentice course is lost to the company, since these boys 

will not remain in the yard as mechanics but will inevitably seek other fields giving them 

better educational facilities. On the other hand, these scholarships would, in most cases, 

bring these boys, after graduation, back to their home yards and make them available there 

for service in responsible positions. 

As training for mechanics only, the four-year apprentice systems now in operation in 

our shipyards would seem to be adequate, especially since, as the author notes, “it is becom- 

ing a practice to provide for a regular and frequent change of occupation for each apprentice, 

in order to give a varied experience,” and, further, if “small divisions of the apprentices, ac- 

companied by an instructor, spend a portion of one school session weekly in visiting the shops, 

divisions and departments of the yard to observe important operations.” 

This training would serve admirably also for boys who win scholarships, since they would 

have a general acquaintance with the main operations in marine engineering and shipbuilding. 

If, at the expiration of a two-year practical course in this line, these ambitious lads had also 

acquired, at evening preparatory schools or otherwise, the equivalent of a thorough high 

school course, they would be better fitted than the average student for a course in marine 

engineering or naval architecture at a technical school or university. 
Since the object of this expenditure by shipbuilding companies for educational purposes 

would be purely to train men for their work, a special two-year course devoted wholly to ma- 

rine engineering or naval architecture and their allied subjects should, in most case, be pref- 

erable to the full four-year science course leading to a degree, since in this special course 

and the preliminary practical course at the yard the student apprentice would spend but four 

years in obtaining a good technical education. 

In his admirable exposition of present conditions in this matter, and the suggestion of 

methods of improvement, the author has made marine engineering and shipbuilding his 

debtors. 

Proressor H. C. Sapter, Member of Council (Communicated) :—The subject of train- 

ing for all classes and types of men who intend to follow the business of shipbuilding, or, to 

use a somewhat comprehensive term, marine engineering, is one which should occupy the at- 

tention, not only of the professional educator but also of those actively engaged in the prac- 

tical end. Mr. Bailey’s paper is therefore a timely one, and the author is to be congratulated 

in presenting to the Society, not only a general outline of the methods adopted by his com- 

pany but also in giving actual data in the way of what might be called quantitative results. 

With modern developments there is a great danger of the disappearance of real “crafts- 

manship” and a strong tendency towards scanty and inadequate training in the different 
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trades. The methods adopted by Mr. Bailey’s firm, therefore, aim to counteract this deficiency 
and are well worthy of application by everyone interested in the same line of work. The 
author has, however, dealt mainly with the training given for the actual operations of ship- 
building, and I venture to suggest that, with a few modifications, his method might be easily 
applied to those who are aiming to fit themselves for the higher positions either in the execu- 
tive, financial or design departments. 

I would refer especially to the young men who have decided to take a regular four-year 
course at some recognized university or technical school. It would seem most desirable that 
there should be the closest possible cooperation between the two institutions in these cases. 
I think that it is probably well understood that engineering curricula in colleges cannot possi- 
bly cover “practical” work, and that the aim of such institutions is to give the student a 
thorough groundwork in the theory of his profession, together with a certain amount of the 

application of the same. In the past there has been somewhat of a tendency to expect too 

much from the college graduate, mainly because of the misunderstanding relative to the 

“type” of work and experience which he has gained. Perhaps in some cases the young man 

has been somewhat to blame. 

I would suggest, therefore, that a regular course of practical work, comprising experi- 

ence in the important branches or divisions of the shipyard, and covering a period of from, 

one to two years, would be a good thing to establish. The men could be watched and graded 

during this time and at the end of the course placed in the department to which they seemed 

best fitted, or in such positions as are deemed advisable. A student could start such work 

during the summers, even while he was attending the university, and in many ways this is 
the most desirable method and is commonly known as the “Sandwich” system. 

One important point that is often overlooked, and which has been the cause of the loss 

of a number of men to the shipbuilding business in this country, is that the young man 

should be made to feel that there is a future for him if he makes good. With the establish- 

ment of some regular system of training, and taking care of the men as far as possible at 

the end of the same, this question is largely answered; but with a lack of the same there is a 

strong tendency for the college man to look around to other branches of engineering where 
advancement may appear to be more assured. 

The cooperative plan between the technical school and the industry has already been es- 

tablished by certain institutions and firms in other branches of engineering, and I feel it is 

time that such a scheme should be introduced in marine work generally; perhaps not only 

with the shipyards but with shipowners and others associated under this category. 

So far as the University of Michigan is concerned, I can promise the heartiest cooper- 
ation, and I feel that in this way the best results may be secured for obtaining a nucleus from 

which the future personnel for important positions may be drawn. 

Mr. H. T. Herr, Member (Communicated) :—In the main I think Mr. Bailey has cov- 

ered the situation very well indeed. We have one practice which is not touched on in the 

paper and which I think is quite important: We have the heads of our different depart- 

ments lecture to the regular apprentices, and especially to the fourth-year men, on the func- 

tioning of our different departments to make up a comprehensive organization and to pass 

the work through the shop to completion in the most efficient manner from the standpoint of 

engineering, production, accounting, etc. For instance, the head of our Production Depart- 

ment will lecture to the boys on the functioning of his department, the head of our Turbine 
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Department will tell them something of the engineering methods in preparing designs for 

the shop; our Pattern Shop man will talk on the construction of patterns, the relation of the 

Pattern Shop to the Engineering Department and Foundry, and so on down to the Foundry, 

Forge Shop, Machine Shop, Erecting Shop, Scheduling Department, Rate Setting Depart- 

ment, etc., the object being to give the apprentice a comprehensive idea of what it means to 

actually bring through a, piece of machinery in a large organization such as we have and 
to do it in such a way as to keep the records straight and the operations coordinated to the 

finish of the job and its final shipment from the works. All these men who lecture to the 

apprentices are thoroughly acquainted with their departments and their relation to the whole 

organization and are practical men in every way; consequently the boy gets what we want 

most to give him: the practical end of the manufacturing business. 

Our apprentice work is divided into two general classes, the regular or trade apprentices 

and the special or technical apprentices, the distinction being that the latter class must come 

to us with a technical training. Their courses are naturally very different from the trade 

apprentices, but I understand Mr. Bailey’s paper deals only with the latter class. 

Our company has instituted in recent years, as a memorial to the boys who left our ser- 

vice during the war, five scholarships open to trade apprentices and shop men, which scholar- 

ships call for training in any university or technical school properly selected, on the order sug- 

gested in Mr. Bailey's paper. We pay a very great deal of attention to the training of young 

men, both trade and technical apprentices, and thoroughly believe in the expenditure made 

in doing so; in fact, it seems absolutely necessary to do so in order to replenish the supply 

of men from year to year. 

THE CHAIRMAN :—1 will ask Mr. Bailey to close the discussion. 

Mr. C. F. Barrty:—Mr. Chairman and gentlemen, time and space do not permit of 

replying to all of the many interesting points raised in this discussion. 

Mr. Peabody’s point relative to the encouragement of the apprentices is very important. 

Mr. Spencer Miller’s suggestion that consideration be given to the selection of candidates 

for scholarships from nominations made by the apprentices is a very worthy one. 

The purpose of the scholarships, referred to by Professor Everett, might be summarized 

as follows: 
To attract the more intelligent class of boys as apprentices; 

To develop the best efforts of each boy and to fix in his mind the fact that the company 

believes in him and thus appeals to his sense of loyalty; 

To enable the boys to see the fine possibilities and the interesting opportunities in the 

trades in which they are apprentices; 

To recruit continually a force of skilled and satisfied mechanics and from this force to 

draw for quartermen, foremen and others. 

It is not contemplated that all of the technical staff be brought in through the apprentice- 

ship system. All large shipyards must rely to a great extent upon the technical schools for 

stich men, but at the same time an opportunity should be given the leaders in the apprentice 

classes to also attain to such positions. 

Mr. Fernald’s comment as to the bond between the workmen and the executives is one 

of vital importance. 

We must all appreciate the point made by Professor Chapman as to the training of the 
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apprentice to prepare him thoroughly before entering college and the importance to the college 

student of the experience in practical work gained in the shipyards and at sea. 

Mr. Frear’s statement that individual interest should be inspired by the foremen directly 

over the boys is excellent. The encouragement of the apprentices by the foremen, the super- 

intendents and the executives is much to be desired. 

The subject of training engineering graduates in shipyards, as referred to by Dr. 

Sadler, Professor Everett, Mr. W. W. Smith and others, is admirable in principle and is 

practiced to a limited extent in most yards. The uncertainty attaching to marine construc- 

tion is delaying the establishment of systematic courses of training such as are in vogue in 

the large electrical manufacturing companies, but if an aggressive merchant marine policy is 

inaugurated this subject should be given renewed consideration, and, as Dr. Sadler suggests, 

such men should be made to feel that there is a future for them in this work. 

The discussion submitted by Mr. H. T. Herr, vice-president of the Westinghouse Elec- 

tric and Manufacturing Company, is of great interest, especially his reference to their prac- 

tice of having the heads of the various departments lecture to the apprentices, explaining and 

describing the work of the different departments in order to give the boys a general idea of 

the activities of the company, and also his statement as to the establishment of scholarships 
for trade apprentices and shop men. 

Mr. Towle’s reference to the increase in interest brought about among the apprentices 

by employing the boys upon miscellaneous work and tools in the shops is suggestive and 

valuable; it is only natural that boys should be interested and encouraged by such oppor- 

tunities for training. Our experience with technical graduates, I am glad to say, has been 

more fortunate than that referred to by Mr. Towle. We have a large number of such 

young men, trained since leaving college, who are now occupying very responsible positions 

and with the greatest credit. 

The comments of Mr. Coler are very helpful. His suggestion that an opportunity be 

given for the boys to meet and know some of the capable men of their trades is excellent. 

Mr. Day’s point that the number of apprentices suggested seems high would be well 

taken if the shipyards were able to continue their employees in steady work. The large labor 

turnover in shipyards is, to a considerable extent, the result of the lack of any national 

policy for the upbuilding of our merchant marine. Mr. Day’s statements relative to the 

training of the General Electric Company’s apprentices are very valuable. It is encour- 

aging to hear his comment as to his company’s belief in the scholarship feature and their 

hope of incorporating something of this idea into their own industry. The student en- 

gineering courses, to which Mr. Day refers, should also develop in shipyards when marine 

work takes its proper place among the industries of this country. 

Mr. Brooks’ reference to the qualifications of the boy who enters the apprenticeship 

courses is important. Many boys fail through lack of this preparation and their apprecia- 

tion that hard work is necessary for great success. At this point I wish to call especial 

attention to the mental tests, as referred to in the paper, employed in selecting apprentice 

applicants for the trades. Comparison between these tests and the shop and school records 

has demonstrated in this work the great value of such tests in selecting and classifying the 

boys. These tests also when properly given will frequently save the company from admitting 

boys to apprenticeship courses who later will be found incapable of carrying on the work. 

I am glad to hear Captain McFarland’s remarks as to the main object of the appren- 

ticeship course: to train skilled workmen and not designing engineers; and further that in the 
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course of training these boys some very brilliant ones may come along and that an oppor- 

tunity should be given such boys to develop. The object is distinctly not to furnish a liberal 

education but to stimulate the worthy, deserving, promising boys. For this reason we con- 
sidered the establishment of scholarships of such a range as to furnish an incentive to the 

brightest boys and also to the average boys, hence the different scholarships suggested as 

follows: 

(a) Four years of college work. 

(6) Two years of college work. 

(c) One year of college work. 

(d) Thirty-six weeks of correspondence school work or night school work. 

We feel that scholarship (d), in correspondence school work and night school work, 

of which there are the larger number, will be of great advantage when taken under the guid- 

ance of the supervisor of apprentices. It is well known that the correspondence schools fur- 

nish courses of great value in many trades and boys who follow these courses are so bright- 

ened and stimulated that they see many things in their trade to interest and encourage them 

which would otherwise go unnoticed; for instance, we have had during the past year a night 

school course of instruction in foundry work, taught by one of our college graduate engineer- 

ing draughtsmen, Mr. F. R. Benson. This class proved a most remarkable success, and I 

wish the members might have seen the splendid work and development which took place 

among the men and quartermen who followed this work. 

The communication from Dr. Macalpine is full of important suggestions. 

We have intentionally made no claim on the future service of any apprentice who may 

be appointed to a scholarship, as we believe that the young man’s feeling of loyalty and appre- 

ciation will naturally lead him to desire employment with the company who may have granted 

him the scholarship, and further, the scholarships are intended as incentives and rewards 

for ability and excellence of service while in the employ of the company and, therefore, we 

think the company can afford to make the contribution without attempting to control the re- 

cipient after his term has been completed. This point of the boys returning to the yard is 

brought out by the communication of Professor Cathcart. We have felt that the two-year 

course in marine engineering and naval architecture, suggested by Professor Cathcart, could 

not be taken without first having the foundation gained by the science studies, and there- 

fore naval architecture and marine engineering are included as only part of Scholarship (a). 
Since the preparation of this paper the owners of the Newport News Shipbuilding and 

Dry Dock Company, Mr. and Mrs. Henry E. Huntington, have approved of the granting of 

scholarships corresponding to (b), (c) and (d), providing for an annual total number of 

appointees as given in the paper for the four scholarships there mentioned. The president, 
Mr. H. L. Ferguson, the directors and the other officials are interested in making this the 

means of encouraging and helping the young men serving apprenticeships. We believe that 

here is a field for development, and we should be glad to cooperate with shipbuilding com- 

panies or other large business concerns in outlining practicable working plans. 

It is most encouraging to note the interest shown by the Society in this subject. 

Referring again to Captain McFarland’s comments, I believe there is a general desire 

to find and help the boy who may be our apprentice today and who has the mind and heart 

to become what another apprentice boy became, an Admiral Melville, or what still another 

apprentice boy became, a Stevenson Taylor, the Society’s beloved former President. 
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THe CHAIRMAN :—If there is any subject which is more important in the upbuilding 

of our great American industries than that dealt with by the present paper, I am sure I do not 

know what it is. We are to be congratulated on having this very stimulating paper, with its 

attendant discussion, brought before us on this occasion. I am sure that you will wish me 

to present our thanks and appreciation to the author on this occasion. 

Tomorrow is the day for visiting the Victorious and Leviathan, should your engages 

ments permit, and tickets may be obtained in the rear of the room which are self-explana- 
tory as to the ways and means of making these visits. 

I am asked to announce that an insufficient number of visitors from out of town took 

the necessary form of railroad certificate to permit taking advantage of the possible reduc- 

tion in railroad rates on the return trip, so that no reduction will be possible, so far as rail- 
road rates are concerned. 

I am sorry that the Acting Secretary has found it necessary to leave before the close 

of the session, and I hope that the reporter will make a minute on the record of the appre- 

ciation of the Society for his services as Acting Secretary on this occasion, Captain W. J. 
Baxter. 

Also, I am requested, on behalf of the President, to say that the exigencies of preparing 

for the program this evening made it necessary for him to leave before the closing of the 

session, much to his regret, and unless there is further business to come before us on this occa- 
sion, I shall declare the professional session adjourned without day. 

Mr. Ernest H. PEasopy, Member:—Gentlemen, I have just learned that Chairman 

Durand has not been here at a meeting of the Society for seventeen years. I move a vote of 

thanks to him for the efficient way in which he has presided at our session this afternoon. — 

The motion was seconded and carried unanimously with loud and prolonged applause. 
The meeting then adjourned. 
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After the service of the dinner, the President, Admiral W. L. Capps, acting as Toast- 

master, called the company to order, and said: 

“Gentlemen, on the program the President is usually put down for some remarks. This 

evening he thinks it is advisable to reduce them to a minimum. We are now passing 

through a very serious stage in the history of shipbuilding and ship designing. There area 

great many clouds on the horizon, but I feel perfectly sure that your attendance here this 

evening shows that you are not cast down, and that whatever the future has in store for us, 

engineers, shipbuilders and naval architects will do their duty, even though it may not be in 

shipbuilding always. 

“As all of you doubtless know, our program has been rather seriously interfered with 

by the exigencies of public affairs in the city of Washington. The last day or two have been 

signalized by the receipt of several telegrams of regret and withdrawals of previous accept- 

ances for this evening. Incidentally, in this same city at this same hour, is being held a ban- 

quet of a sister society. This, undoubtedly, has attracted a great many. But as this room is 

already as full as possible, I think we are starting off very well. 

“Now, gentlemen, you have some interesting addresses in store for you so I will imme- 

diately proceed to the business of the evening. At all of our gatherings it is our very high 

privilege and honor to begin our proceedings with a toast to ‘The Health of the President of 

the United States.’ ” 

THE TOASTMASTER:—‘“The President.” 

The company rose and drank the toast, the orchestra playing the Star Spangled Banner. 

THE TOASTMASTER :—Gentlemen, it is also invariably our custom to follow with a toast 
to the senior arm of the National Defense—“The Army.” We had an acceptance of our 

invitation to this banquet from one of the most distinguished officers of the United States 
Army, who would have responded to that toast. A few days after receiving his acceptance, 

however, it developed that, on the same evening, in New York, was to be given a banquet to 

a most distinguished foreign military officer, thus necessitating General Bullard’s withdrawal 

of his previous acceptance. This particular foreigner is the most illustrious military figure 

which has emerged from the great world war. His name and fame are known to all of you. 

It also so happens that he has had under his command the largest number of American sol- 

diers ever commanded by any one commander. It, therefore, would seem unusually appropri- 

ate that, in giving this toast to the “Army,” we couple with it the name of that distinguished 

general, who commanded all of the allied forces in France, including two million officers and 

men of the United States Army. I give you, gentlemen—“The Health of Ferdinand Foch, 
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Marshal of France.” (Great applause and “hear, hear,” all guests standing and the orches- 

tra playing the Marseillaise. ) 

THE TOASTMASTER :—It is with the greatest regret that I have to announce that the Sec- 

retary of the Navy, who was to have been one of our most honored guests this evening, has 

found it impossible to be with us. A few minutes before entering this hall, I received the fol- 

lowing telegram from him: 

“Up to the last moment I had hoped to be with you tonight, but urgent public business has 
prevented me. I regret my inability to be present. May I add that the Society of Naval 

Architects and Marine Engineers has an opportunity to exert a beneficent influence over 

the maritime affairs of this country, and in so doing will do more to preserve a sound policy 

than almost any other agent. You have my best wishes.—Edwin Denby.” 

(Great applause. ) 

Just before leaving Washington on Tuesday, I made a last visit to the Assistant Secretary 

of the Navy, who bears a name which is revered throughout this land, and who, in his own 

right, is fully entitled to the high office which has been intrusted to him. (Applause.) Colo- 

nel Roosevelt assured me he would do everything humanly possible to get here tonight. 1 

would not have been surprised had he turned up at the last moment by airplane. His not 

having come makes it very evident that the very important duty committed to him in connec- 

tion with the International Conference now sitting in Washington made it quite impossible 

for him to leave. 

Colonel Roosevelt was to have responded to the next toast—‘‘The Navy.” The Navy, 

however, is never without a successor in command. A short time ago I warned the Com- 

mandant of the Navy Yard that in these days we never knew who would be the next in 

succession. He is here with us tonight. The Navy, as you well know, is always ready for 

emergencies. Therefore, it gives me the greatest pleasure to give you the toast “The Navy,” 

and to couple with it the name of one of our most distinguished officers, who is now in com- 

mand of this naval district, Captain Carl T. Vogelgesang, United States Navy. (Applause. ) 

Captain Cart T. VoGELGESANG, U. S. Navy :—Mr. Toastmaster, distinguished guests 

and gentlemen, I feel quite sure that the Society of Naval Architects and Marine Engineers 

will not expect very much from a last-moment substitute for a real orator. We know, as was 

intimated by our presiding officer a few moments ago, that matters of great concern are 

now being deliberated in Washington. It therefore behooves us of the Navy, and of 

the sister branch of the service perhaps, not to be overindulgent in things that we give to our 

tongue. I wish to say, however, that while it is not given to us poor mortals to climb the 

skies and pierce the councils of the Almighty One, and while we are unable to penetrate the 

screen which obscures the future, I know that I voice the sentiment, the spirit, and the morale 

of the Navy, as exemplified in its entire history, when I say that whatever is disclosed 

when the veil is rent aside, whatever the future may have in store for us, your Navy will be 

as it has always been, undaunted and undismayed. (Applause.) 

Tur ToAsTMASTER :—Gentlemen, there are in this country at this time, in connection 

with the Washington Conference, many distinguished foreigners, and among them many offi- 

cers of great distinction representing several foreign armies and navies. There are two, how- 
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ever, who stand out with special preeminence. One, now in this city, you have just had an 

opportunity of honoring. The other is detained in Washington on most important duty 

as a member of the Committee on Reduction of Naval Armaments, of which Colonel 

Roosevelt is chairman. This officer represents the highest naval ideals. In the grind- 

ing test of war he showed that he exemplified, in his own personality, the highest tra- 

ditions of the service which he adorns. We had hoped that he would be our guest of 

honor this evening. He was first constrained to decline our invitation, because he was sched- 

uled to leave this country on November 15. Subsequently his reservations were cancelled, 

as he was detained in connection with the work of the Conference now in session in Wash- 

ington. The invitation was renewed by your President in person, and I was told that nothing 

would have given this officer greater pleasure than to attend our annual banquet, but that he 

feared his duties in Washington would absclutely prevent his coming to New York at this 

time. 

Today I received the following letter: 

“Tt is a great regret to me that my duties in Washington have prevented me from at- 

tending the dinner of the Society of Naval Architects and Marine Engineers. The wonder- 

ful results achieved by the United States in the building of both naval and mercantile vessels 

in large quantities and in an incredibly short time, during the war, did so much to assist the 

cause of humanity. I am glad to have this opportunity of paying my small tribute to them 

for their skill as naval architects and marine engineers. 

“BEATTY, 

“Admiral of the Fleet.” 

(Great applause. ) 

THE TOASTMASTER :—I now ask you to drink the health of Admiral of the Fleet, Lord 

Beatty. 

The company rose and drank to the health of Lord Beatty, the orchestra playing the 

British National Anthem. 

THe TOASTMASTER :—In these days of great tasks there is no one agency under this 

government which has a greater task, a greater responsibility, than that committed to the 

U. S. Shipping Board. We all know the tremendous eftorts made during the war to increase 

our merchant tonnage. We are prone, I fear, to place too much stress upon the money 

spent, and too apt not to give full weight to the very great things which are accomplished— 

psychologically, at least, if not always physically. 

The opportunities and the duties of the Shipping Board are as important now as they 

were, even during the war. The very life of the American merchant marine hangs largely 

upon the wisdom and success of its undertakings. 

It is, therefore, a very great privilege to have with us tonight the man who has been re- 

cently selected by our President to head this organization. I have, therefore, the very great- 

est pleasure in proposing the toast—‘‘Overseas Commerce and Its Relation to American Ship- 

ping,” and to couple with that sentiment the name of the Hon. A. D. Lasker, chairman of 

the United States Shipping Board. (Great applause. ) 
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ADDRESS BY HON. A. D. LASKER, CHAIRMAN OF THE UNITED STATES 

SHIPPING BOARD. 

In the thirty odd years since the birth of the Society of Naval Architects and Marine 

Engineers, I am told, no single year has passed when speakers at this annual dinner have 

failed, in well-rounded phrases, to clamor for an American merchant marine and to hold 

forth the hope of the dawn of a new day in American over-sea shipping. When the war, as 

one of its vital problems, thrust on this nation the necessity for the creation of an over-night 

merchant marine, it seemed as if the vision of shipbuilder and shipowner was nearly an ac- 

complished fact. When month after month showed mounting records of tonnage launched 

and vessels completed, until peak production was reached in 1919, at nearly double Great 

Britain’s maximum yearly production, to many the American merchant marine appeared an 

accomplished fact. When demand for ships continued, so that every vessel could find a cargo 

in every trade, when America’s 10,000,000 tons flew the flag on every sea, to many of those 

nearest the business the dream of a merchant marine seemed close to achievement. Then came 

the anti-climax. 
In the spring of 1920 began the softening of freight rates, the falling off of demand for 

tonnage, which, on an ever-increasing scale, continued well into the present year. Today this 

country finds between one-third and one-fourth the privately owned vessels of its fleet and 

two-thirds of its government-owned fleet are swinging idly at anchor or moored with smoke- 

less funnels at their docks. Falling freight rates have again stressed all of the disadvantages 

under which American ships must operate in competition with their rivals. Greater carrying 

charges due to higher first cost, higher bills for wages and for living expenses, greater upkeep 

cost, higher insurance, and more stringent government laws have all made the lot of the 

American shipowner a conspicuously unhappy one in a market where the shipowners of the 

entire world are crying out for better times. 

Confronted by this situation, a new Shipping Board took office some five months ago, 

and at the end of this short but busy period is just now ready to settle down as an organiza- 

tion, and for the first time to begin functioning as contemplated by the Merchant Marine Act 

of eighteen months ago. 

It is idle to explain to this audience the magnitude of the problem that confronts the 

board. It is useless to paint to you who have spent your lives in shipping and shipbuild- 

ing the picture of the difficulties that surround the problem and that must be overcome if 

sound principles are to be enunciated and a foundation laid upon which can be erected a per- 

manent structure of American-built, owned, manned, and operated merchant marine sufficient 

to carry the greater part of this country’s foreign commerce. Nor can the board today re- 

port that it has made more than a first beginning in the study of these mighty problems or 

that it has seen more than the first blush of the coming dawn, before the daylight that we 

hope will soon flood out the darkness that now surrounds this situation. 

It has seemed good to me tonight to present to this body some of the first facts that 

have been gathered in the study of our foreign commerce, an understanding of which must 

form the beginning of our knowledge of the lines along which to proceed; indeed, in the 

study of these facts many things have already become clear that have changed our precon- 
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ceived picture and that I believe form food for the serious thought of you who are here 
tonight. 

A great difficulty surrounding any study of our merchant marine lies in the fact that 
no reliable basis of comparison can be found in the past. 

Because of the war, no single year of the past ten can be here marked as normal, while 

conditions more than ten years ago are too dissimilar to those existing today to form as accu- 

rate a comparison as could be wished. 

The study of the water-borne export and import trade of the United States must, there- 
fore, be made from basic facts. Opinions as to the future will, of necessity, be largely matters 

of judgment and belief. Minor fluctuations must be ignored or assigned to their true causes, 

while general trends of broad and basic conditions must be picked out clearly from the con- 
fusing background of less vital facts. 

In attacking this broad problem, we have not considered whether or no certain indus- 
tries can be fostered in the United States, but only whether or no the sea-borne commerce 

of the United States, measured in terms of tons, as used by the shipowner, is growing; in 
what direction this commerce chiefly moves; how it is likely to change in the future; what 

ratio, from the standpoint of quantity, is carried by American ships and what under foreign 

flags; and more than all, how an increase in the number of American-flag ships can be made 

to go hand in hand with an increase in American trade and, therefore, increase the wealth 
and prosperity of the American people. (Applause. ) 

Man’s first requirement is the air he breathes, then food, then clothing and shelter and 

then luxuries. These have resulted in a natural cycle of progress for civilized countries which 

have passed in order from the grazing to the agricultural and then to the manufacturing stage 

of their development. Progress has naturally been more rapid where the necessary raw ma- 

terials to permit a country to become a manufacturing nation have been most easily availa- 

ble. Sparsely populated countries must raise the food supply for the densely populated man- 

ufacturing territories, and this broad principle, to a very wide extent, underlies the general 

commerce of the world. 

In these United States, with thirty-six persons to each square mile of our continental ter- 

ritory, we are generally considered a food-producing nation. Our output of grains and meats 

is enormous, but so is the population which it must sustain. We still export large amounts 

of food and necessarily did so during the war, and will continue to do so until the deficiency 

caused by the Russian cataclysm has been made good from other sources. Now, here we 

come to the first, to me, startling fact in our study. The peak of the United States develop- 

ment as an exporter of raw foodstuffs was passed as far back as 1880. By this, I mean 

that in 1880 the percentage by value of foodstuffs to the total value of exports reached its 

maximum. In 1880, foodstuffs constituted close to 60 per cent of exports. In 1920, this 

had fallen to 25 per cent of exports. The United States of seventy-five years ago may be 

compared to the Brazil, the Argentine, the Australia and the Canada of today. 

It is of vital interest to compare the percentage by value of exports of raw materials and 

manufactured articles over the last seventy years. In 1850, manufactured articles were less 

than 20 per cent by value of our exports; raw materials other than foodstuffs, about 60 

per cent; and foodstuffs, crude and manufactured, about 20 per cent. In 1920, after many 

years of quite uniform growth, the per cent by value of raw materials has dropped to 20; 

the export of manufactured and crude foodstuffs constitutes about 25 per cent by value; 

and the export of manufactured articles has risen to 55 per cent, so that today, without giving 
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any credit for manufactured foodstuffs, our manufactured exports comprise the major por- 

tion of this branch of our trade. 

Turning now to imports, in 1850, 70 per cent by value was manufactured material; less 

than 10 per cent was raw material; partly manufactured material about 15 per cent; and the 

balance manufactured foodstuffs. The partly manufactured materials and foodstuffs have 

maintained a curiously.constant percentage, while raw materials have steadily risen, and totally 

manufactured material has nearly steadily decreased, until in 1920 the percentage by value 

of importations of raw material has risen to 40, while totally manufactured material has de- 

creased to 30 per cent. This represents an increase of nearly 500 per cent in the percentage 

of importation of raw material and a decrease in the percentage of totally manufactured ma- 

terial of over 100 per cent; as startling a change in three and one-half generations as can 

be found in the history of the world. 
America today, with unparalleled resources, is dependent for its growth and progress on 

importation of raw materials necessary to supplement its own vast stores. 

Of our raw-material exports in 1920, bituminous coal ranks first; then grain, crude oil, 

cotton, phosphate rock, and lumber. Of the nineteen million tons of coal exported, ten mil- 

lion went to Europe, a market largely closed to us today. Of the balance of these raw com- 

modities, some twelve million tons of exports, a large part was grain produced in this country 

because of the failure of the Russian supply. On the other hand, our greatest single import 

is crude petroleum from Mexican fields, which in 1920 amounted to no less than sixteen mil- 

lion tons. Next to oil comes sugar, of which nearly four million tons, mostly from Cuba, was 

imported in 1920. Then come iron ore, nitrates, potash, and potassium salts ; then bananas, 

of which no less than eight hundred thousand tons were imported in 1920; then coffee, copper 

ores, sissal, jute, and kapok. 

Our exports of manufactured articles are nearly as varied as our industries, with refined 

petroleum at the head of the list by tonnage, then manufactured steel, dairy products, flour, 

machinery of all kinds from automobiles to phonographs. 

Our export of cotton for twenty years has remained practically stationary, the actual in- 

crease of output being absorbed in American mills. In 1920, no less than eight hundred and 

fifty million yards of cloth were exported. Today we consume more cotton than we export, 

and import 10 per cent of our consumption from Egypt to make good our own immediate 

insufficient supply of long staple cotton. 

The shoemaking industry affords an interesting example of the changes going on around 

us. In 1920, nineteen million pairs of shoes were exported. This business was founded on 

our supply of cheap and excellent hides. Today the bulk of our hides comes from Argentine; 
while the exhaustion of our local supply of oak bark necessitates the importation of quebracho 

also from Argentine, so that much of the foot-gear of Argentine travels in the form of raw 

materials some seven thousand miles to our tanneries and factories and back again to the 

feet of the ultimate consumer. 
Our imports of manufactured material cover a wide variety, principally of specialties; 

German and Japanese toys, coal-tar dyes, optical glasses, special silks, Irish linens and Eng- 

lish worsteds. These rank high in value because of their character, but low in tonnage. 
Geographically, the United States may be divided into the raw material and foodstuff 

exporting localities covered by the Central, the Gulf and the Pacific sections, and the manu- 

factured-article exporting district, the North Atlantic district, which may be roughly consid- 

ered as including the territory east of the Mississippi and north of the Ohio River; together 
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with the New England and North Atlantic states. Since water hauls are cheaper than rail 

hauls, shipping will attempt to get as close as possible to the source of manufacture in the case 

of exports and to the center of consumption in the case of imports. Trade of the central region 

seeks its outlet by the line of least resistance; western grain through Portland, Seattle, Van- 

couver, Kansas and Nebraska, wheat by way of Galveston, northern grains by Canadian rail- 

ways, by the lakes, the St. Lawrence, or the canals and railways to the Atlantic. Other raw 

materials have fairly definite points of export, generally so located as to give the shortest rail 

haul. Our Atlantic, Gulf and Pacific coasts have offered unequaled opportunities for coastwise 

shipping, with the result that before the war our sea-going merchant marine was largely 

limited to vessels in this trade. With the outlying possessions assumed to be included under 

coastwise laws, the ship that runs from Hawaii to New York, or from the Philippines to 

San. Francisco, is not the kind of ship that in other countries is known as a coasting vessel. 
Should the President include the Philippines under our coastwise laws, as contemplated by 

section 21 of the Merchant Marine Act of 1920, there will be developed under our flag 

a truly ocean-going traffic of no mean proportions. 

Of the traffic of our great fresh-water lakes, and of the bulk oil carriers between Mexico 

and the United States, little need here be said. The bulk of both of these traffics is in 

special ships which form almost as much a part of the business of the manufacturer as do 

the hammer and chisel of the mason. They can be more nearly considered as tools of the trade 
than the ordinary floating carrier. Tankers are almost exclusively limited to the bulk oil trade. 

Leaving these specialized businesses, we come to that trade which is of most vital import- 

ance to the United States. The islands of the Caribbean offer what is today almost the only 

voyage permitting full cargoes in both directions, although even here trade is to a large 

extent seasonal. Our exports to these countries are made up approximately of 50 per cent 

coal; 10 per cent foods; 10 per cent lumber; 7 per cent steel; 5 per cent cement; and the bal- 

ance general merchandise. Our import tonnage, which over the year practically balances 

our exports, includes sugar, 55 per cent; bananas, 14 per cent; oil, 15 per cent; and the bal- 

ance general importation. American capital is heavily interested in the West Indies and, 

_ therefore, controls products exported from the islands, together with the ships which carry 

them, as in the case of the United Fruit Company, the primary purpose of whose vessels is to 

transport bananas to the United States, and the ore-carrying vessels of the Bethlehem Steel 

Corporation, whose business is to transport the Cuban ores to Sparrows Point. 

There is little or no excuse today for our letting any third party share with us any part 

of the West Indian trade. To the South, the entire continent of South America requires 

coal, and this market should largely belong to us. This coal, added to the balance of our ex- 

ports for the first eight months of the present year, has closely approximated by tonnage the 

importation from South America, comprising such materials as tannery products, linseed and 
nitrates. 

Our trade with the South Pacific, Australasia, Dutch East Indies and India is varied to a 

considerable extent, in the transition period; practically 70 per cent of our exports were 

petroleum products, a trade that has been well maintained since the war. In return for 

these products, one-half of our inbound cargoes is jute, but all of our business with these 

Pacific countries is negligible in comparison with the Central American and South American 

business previously mentioned. South. Africa has been little developed as a trade possibility 

for the United States, but to the Orient we have exported large quantities of oil products, 

manufactured articles, cotton cloth, automobiles, and steel. In return for these, silks, grasses, 
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rice and sage; and before the opening of the Panama Canal, coal and manganese ore have 

made up the bulk of our imports. 

This leaves, then, for consideration the great Mediterranean and European countries, to 

which the vast bulk of our exports goes, and from whom, in return, we receive relatively in- 

significant tonnage of imports. The exports cover practically the entire range of our produc- 

tion. Here we are met by one of the most remarkable results of these studies. From the 

United Kingdom, North Europe, and the Mediterranean, we import, in tons, less than one- 

quarter of our exports, a_situation that clearly illustrates one of our difficulties, in that full 

cargoes for the return voyage are very difficult in this trade as it exists today. 

A study of the total tonnage imported and exported from the United States, omitting 

tonnage on the Great Lakes, and tonnage of oil carriers, is interesting in the extreme. Over 

the last year, the average monthly tons of imports are about one million, while the average 

tons of exports are a little over three million. 

If we take out from these totals the commerce of middle America, that is, the West 

Indies and Central America, this discrepancy is even more astonishing. With these figures 

excluded, imports have reached little more than half a million tons per month, while exports 

have averaged slightly under three million tons, or six to one, a readily understandable rea- 

son for the large number of ballast homeward voyages. 

It is interesting to study the change that has taken place over the last year in the per- 

centages of cargoes carried in American vessels. To find out exactly what is going on 

this study has been made to exclude the Great Lakes, the Mexican oil and the West Indian 

trades, so that the comparison would only show those routes in which our ships might move 

in competition for market. On those routes, comprising all the rest of those world-trade 

routes in which the United States shares, one-quarter of the exports in January last was 

carried in American ships. These rose to a peak of 40 per cent in June, when many car- 

goes of coal were moving because of the British strike, and fell back in September to 25 

per cent, showing a practically constant percentage, at the beginning and end of this period, 

of largely diminishing traffic. In the case of imports, however, the story is quite different. 

In January, nearly 75 per cent of the imports were carried in American vessels. This per- 

centage fell by April to about 35 per cent, and had fallen by June to a minimum of little more 

than 30 per cent, from which date it has ascended to about 40 per cent for the month of 

September. For a nation with ten million tons of idle shipping, this is not a record to be proud 

of, nor one that will satisfy any red-blooded American. (Applause. ) 

Such is the inventory of current tonnage operations on export and import with which 

the present Shipping Board finds itself confronted at the inception of its term. With a fleet in 

magnitude beyond any dreamed of by Americans a decade ago; with a fleet, if total tonnage 

alone were to be considered, far beyond the world’s immediate absorbing power, the new 

Shipping Board finds the use of its other American tonnage currently decreasing. In measure 

this can be attributed to Great Britain’s releasal of its government control over its own ship- 

ping which has given flexibility to British tonnage that it did not possess during the period 

when the government set the routes which its ships must follow. 
In measure, the decrease in American tonnage carried in American ships is due to the 

difficult economic times the world throughout, which make for keen competition by other na- 

tions which America, with its standards of living, cannot meet. In measure, but very small 

measure, this condition is due to the government’s retirement, under the present Shipping 

Board, of many trips so unprofitable as to find no warrant, even with a view to building 

up for the future. 

a 
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But the present Shipping Board, confronted by this condition, far from being discour- 

aged, feels encouraged, because it realizes that we are now dragging bottom. It feels that now 

we are going through the lowest period that American shipping will go through. The pres- 

ent Shipping Board feels that, with the physical assets we have, with the inspiration that will 

undoubtedly be given to American shipping by President Harding in his administration, 

American ship operators, bankers and manufacturers will work at one with the Shipping 

Board in a constructive policy to make solidly for our carrying our full share of our world’s 

trade. Rather than being dismayed by the picture, we feel that we know the worst and are 

experiencing the worst; we feel that courage and vision must and will solve our problem, 
since what we are going through is the worst. 

Modern nations must pass through certain well-defined stages in their development: first, 

the grazing or live-stock stage; second, the agricultural stage; and third, the manufacturing 

stage. In our vast country, certain parts are today represented in each of these stages of 

development. We have expanded industry to a geometric ratio; our manufacturing industry 

has been increased to meet the demand of an increasing population, not alone Dy continuous 

output, but by the additions to manufacturing plants. 

The lack of adequate export markets was beginning to rest heavy on us at the outbreak 

of the war. With this same war, however, came the truly abnormal demand on our facili- 

ties, which resulted in a badly ordered, but enormous, expansion of our already top-heavy 

manufacturing structure; still further augmented by the period of inflation that followed the 

short period of depression of the early months of 1919. 

Then the bubble burst, and today we are left with enormous manufacturing capacity in 

many lines far beyond any possible domestic need, and with such a surplus of food products 

that the Secretary of Agriculture talks of the possibility of burning corn in place of coal in 

certain parts of the country as an economically defensive proceeding. 

Through the war period cost played little part in foreign trade. Goods could be mar- 

keted as manufactured ; foreign markets became available because of the fortunes of war far 

more than through individual effort and energy. Too little attempt was made to hold them 

by good-will, with the natural consequence that in many directions we have lost ground, until 

today, except for the export of foodstuffs, we are nearly back on a 1913 basis. 

Now these same exports of foodstuffs are, for us, a temporary stage. Canada, Aus- 

tralia, Argentine will, in the not distant future, absorb this business, while the nations that 

fought shoulder to shoulder with us in the war owe us some ten billions of dollars, interest 

upon which can only be paid in goods or through the extension to them of further credit; 

and practically all of these debtor countries are in the manufacturing stage of their develop- 

ment. It follows that their very attempts to pay their debt to us must make them the keenest 

of competitors, both in our home and in our foreign markets. In order to pay for our imports 

of raw materials and of foodstuffs and for the increasing number of valuable articles, many 

mere luxuries, and to reduce the overhead of our enormous manufacturing establishments, it 

will be of the utmost importance that we produce industrially to capacity. 

This means strenuous work to develop new and permanent foreign markets for our own 
surplus of these exports must go to a very considerable extent to undeveloped countries with 

whom, heretofore, we have not enjoyed a large export trade. 

Even to balance our imports of raw materials, a bulk low-grade outbound commodity 

cargo must be available. This is our export coal. Its normal market is South and Central 

America, which not only has no adequate supply of coal, but which must furnish us with the’ 

raw materials, nitrates, or linseed and hides necessary for our manufacturers. 
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South America must also be a great field for our domestic and foreign export of manu- 

factured articles. With the increase of exports to South America and to the Orient, the de- 

velopment of our commerce may lie in the so-called triangular voyage. Our ship, with cargo 

of coal to Buenos Aires, may find it necessary to return to Hampton Roads via Europe, trans- 

porting a grain cargo to that continent and returning in ballast across the North Atlantic. 

Today, transportation is available at nearly pre-war rates. In quantity, far more is 

waiting to the exporter’s hand than existed before the war. Cheap and plentiful ocean car- 

riage is assured. The development of markets waits on the united effort of shipowner, manu- 

facturer, banker, exporter; all under the eye of a government that has adopted the model of 

more business in government and less government in business. (Applause. ) 

Under the mandate of the Jones Act, and because it is the spirit of the Harding ad- 

ministration, the Government as quickly as possible wants to retire from government opera- 

tion and ownership, that private inspiration and private initiative may conquer the almost in- 

superable obstacles that seem to face us in all forms of world trade. (Great applause.) 

With this in view, aside from the development of American shipping, if American pros- 

perity as a whole is to be insured through the development of American foreign trade, an in- 

spired interest for group action must be born among bankers and manufacturers as well as 

shipowners. The Edge law, in constructive statesmanship, provides for such combinations 

among manufacturers in the foreign trade. In time, such groups should be a bulwark for 

our merchant marine. 

But, recognizing the need of strong groups of united manufacturers and bankers in 

our country to meet the competition of strong groups of united bankers and manufacturers 

in other countries is not enough. 

We must come to the realization that the great North Atlantic and Pacific trade routes, 

so far as passenger service is concerned, are in the hands of a few strong foreign groups. 

Germany, with all its great effort between the wars of 1870 and 1914, was able to build up in 

the North Atlantic only two strong companies. Great Britain, with hundreds of years on the 

seas, has but two major passenger carrying lines in the North Atlantic. 

It is this competition that we must meet—not domestic, but foreign—and we must meet 

it in kind. This in nowise means that the small operator and the new operator of many 

types of ships shall not be encouraged. Indeed, he will be fostered to the utmost by the Gov- 
ernment. But it does mean that we must interest all the strength of our people, not only 

government but private concerns and individuals, in a united effort to win our place on the seas 

in competition with the united power of individual nations of the world. (Great applause. ) 

I would like to address to this body, which has, possibly, as large a direct interest in 

shipping as any group in America, a few words as to the interest of President Harding in 

a merchant marine, that interest being to many of you a matter of great concern at this par- 

ticular time. I remember in the course of the campaign, in the early days, last July, when I 

was trying to secure his attention to another subject, he turned to me, who was then in no- 

wise interested in shipping, and said: “One of my major ambitions is to be the President 

who aids in putting back the American flag on the seas.” (Great applause.) At present, 

President Harding’s attention and that of most of the members of the Cabinet is centered 
in the Limitations Conference in Washington, and I know the hopes of all of us are for its 

success. In the declaration to other countries at the conference our government has stated 

that, in the event of Naval Disarmament, the Merchant Marine becomes of increased im- 

portance in an inverse ratio, and this must be so, if we are to keep our flag on the seas. To 

a 
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the American merchant marine must the American shipyard look for future business, and 

without an established merchant marine the art of shipbuilding in America will be lost. 

The total tonnage owned by the Government includes five million tons of as fine a ton- 

nage as exists in the world which was created as a war condition, and its production is a 

record of which our country will ever be proud. The purpose back of it was to build, as 

expeditiously as possible, a bridge over the ocean to the battlefields of Europe. The pontoon 

bridges which were put on the Marne have been destroyed and lost, but we glory in the part 

played by every man and every tool they handled. The pontoon bridge which we built to 

cross the Atlantic, our great steel fleet, is still with us, and instead of that fleet disappearing, 

as did the other tools of war, it should be our purpose and our inspiration, if we are to 

assure America’s prosperity in peace, and ensure her balanced strength in times of national 

prosperity, that it be the nucleus of a merchant marine, enduring and lasting. (Applause. ) 

This fleet is an unbalanced one, it is necessarily such because of the manner in which it 

was built, and our government, and our people, if they are to ensure domestic prosperity, must 

augment that fleet with the types that are needed. This cannot come merely through the 

genius of America, as so many would have us believe—genius is not alone in America, proud 

as we are of our country—it must come by the recognition of the inland dweller as well as the 

coastal dweller that America must own its vehicles of transportation on the seas. Being new 

and young, if we are to compete with the nations of the world, it must come through a govern- 

mental policy, which must soon be arrived at or originated, for by such aid only will ship- 

building and ship operation, an industry which is comparatively new and reborn with us, be 
enabled to exist. (Applause.) This must mean education and recognition on the part of 

our people in all parts of the country. With such aids and with our needs, none of us need 

look but hopefully to the future, and it is within the coming year that America will undoubt- 

edly be called on to decide whether or not in our generation we shall be restored to our proper 

place on the sea, or whether once more the American flag shall retire practically to coastal 

service. 

My hope and belief is that, and I can, in a measure, speak for the President, but I have 
no right to speak for Congress—my hope and belief is that with the recognition of Congress, 

our people will do that which is necessary to attract American capital, American genius, 

American interest, to a merchant marine. Such is my hope and my prayer. Another year 

we may know. (Great applause.) 

THE TOASTMASTER :—Gentlemen, our cloud has a decidedly silver lining when the Chair- 

man of the Shipping Board gives voice to such sentiments as we have just heard. We are 

under great obligation to him for having come to us tonight, and for having expressed his 

views in so terse and lucid and compelling a manner. I think we can begin to be optimistic 

again. I thank you, Mr. Chairman, for your address. (Applause.) 

In these days we must not forget that America, during the last century, occupied a 

most prominent place in the shipping world. At one time, in fact, she led the world in ship- 

building and ship operation. We are fortunate in having present tonight a gentleman who 

has been very closely identified with the development of the American merchant marine, prac- 

tically throughout his life. He was closely associated with that prince of men, the first pres- 

ident of this Society, the late Mr. Clement A. Griscom. He is now a colleague of the gentle- 

man who has just spoken with such convincing prophecy. 

I have great pleasure in proposing the sentiment, “The Shipping Spirit of America,” and 

even greater pleasure in coupling with that sentiment the name of the Hon. E. C. Plummer, a 

Commissioner of the U. S. Shipping Board. 
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ADDRESS BY HON. E. C. PLUMMER. 

Mr. Toastmaster and gentlemen, it is with feelings that some of you gentlemen readily 

will appreciate that I address you tonight, for it was here thirty years ago that I first was 

granted the privilege of becoming associated with those strong men who then were under- 

taking a real work for the establishment of an American merchant marine; and the little 

part I, a young man, was permitted to play in making possible the American Line, with its 

then magnificent Atlantic greyhounds, is to me a cherished memory that the swiftly passing 

years have left undimmed. 

Few of the men who were associated in that original undertaking are with us now; 

and through the failure of essential legislation then attempted, their more elaborate plans, 

which contemplated such a development of our shipping as would have meant much to this 

country, became as they are now. 

But the passing of a generation has brought back to us the maritime opportunities which 

those men then so clearly saw; a greater merchant fleet than that of which those men even 

dared to dream has been flung to us by the tempest of war—a fleet belonging to the people 

whose sacrifices made it possible and which must, and shall be, preserved, and therefore to- 

night I can speak with a confidence born of an assurance that the American flag is again on 

the seas and that it is there to stay. The fact that, including American shipping under foreign © 

flags, our people now own more tonnage than any other nation should not be overlooked; 

neither should the fact based on normal growth that it is not a case of too much world ton- 

nage that is causing the fleet tie-up of today, but a falling off in cargoes of which Germany’s 

change from 130,000,000 tons in 1913 to 30,000,000 tons in 1921 is but one illustration. 

Therefore it is not inappropriate that one whose home is by the river where, thirteen 

years before the Pilgrims landed, there was built the first ocean-going vessel the New World 

had produced, the historic Virginia, should speak of this country’s shipping spirit—a spirit 

which sometimes has slumbered, but which did achieve so much that was glorious in the past 
and which now is in position to renew its triumphs wherever ships may go. 

The measureless losses from which our people suffered during those awful years of the 

World War have impressed upon this generation that unchanging truth so clearly understood 

by our fathers, that merchant shipping is one of the four cornerstones upon which the per- 

manent prosperity of this nation rests—a stone that cannot be removed without imperiling the 

whole structure. In this our education is not unique. These established facts have not only 
been taught to, and recognized by, other countries, but they were emphasized by the ex- 

perience of our own people long ago. The cruel trials and losses of the Pilgrims, sustained 

while their helplessness compelled them to trust their humble, but to them vital, cargoes 

to the vessels of others who should have been their friends, so pitifully pictured in Brad- 

ford’s simply worded narrative, is one which no American who reads the record can forget; 
and the fact that the first commercial act of the Massachusetts Bay Colonists was to construct 

a then great ship, the Blessing of the Bay, that they might have tonnage which should enable 

them to handle their own products and not leave them at the mercy of men across the sea, 

has the same significance now as it had in those early days. 
Fresh in the minds of those men was the knowledge that the ablest statesmen ever 



BANQUET. 371 

gathered around the throne of Britain, those advisers of Elizabeth who made the name of 

England immortal, had established the policy of paying liberal bounties from the national 

treasury to British merchants that England might have a commercial fleet to dominate the 

seas—and they followed that example. They exempted from military service shipwrights in 

those days when prowling savages made the musket an inseparable companion of the settler. 

They knew what such exemption from military service really meant—that this aid to 

merchant shipping was a concession that might call for payment in their life blood; but 

they paid it. The result was that shipping in the colonies developed so rapidly that poli- 

ticians of Europe soon saw in it a peril to England’s maritime supremacy, and Sir Joshua 

Child in his discourse on trade presented in 1668 made this comment, the truth of which 

was to be so many times re-emphasized: “Of all the American plantations His Majesty 

has none so apt for the building of ships as New England.” Every student of maritime his- 

tory knows how the colonists developed the shipping industry; how they broke away from 

old established types and gave the world such merchant craft as had been before un- 

known. When the Revolutionary War came on the colonists were without a navy; but they 

had shipping men, men accustomed to challenge all the dangers of the ocean; men to whom 

the tumbling breakers had. been playmates in their childhood days; and when Paul Jones 

made his historic advent to the British Channel he found there had been before him many 

a little colonial privateer, bravely assailing Britain’s proud shipping in its home waters. When 

the United States had won its independence, but before the government had been formed, 

there was a period when American shipping was an outcast upon the sea. Those vessels had 

no national protection; each had to depend upon its own powers to preserve its existence. 

Yet in those days between 1873 and 1789 the fearless ships of the colonists ventured into 

every sea in increasing numbers, and in 1789 there were more than forty ships of this feeble 

country trading beyond the Cape of Good Hope; venturing half-way around the world to 

China, defying the Barbary pirates and those merciless Malays of the eastern waters. Dur- 

ing this period there went out from the port of New York the little ship Experiment, built 

on the Hudson, measuring but 80 tons. Every man in her crew knew not only the sailor’s 

art but he had learned to handle the cannon, the musket and the cutlass; and with her crew 

of fifteen men she made the voyage to Canton and return. During that same period, still un- 

protected, the Columbia of but 200 tons, and her consort, the Lady Washington of but 90 

tons, ventured around deadly Cape Horn, into the Pacific and circled the globe; finally dis- 

covering the majestic river which took the Columbia’s name, and helped to give this country 
that marvelous country of the great northwest. 

Such was the spirit of the American shipping men of those days. You know their subse- 

quent triumphs. How those pioneers in ocean traffic achieved their success is clearly set forth 

by the British historian of shipping, Lindsey, when he states that the masters of American 

ships were greatly superior to the British masters. The Americans had the training of mer- 

- chants; they had the inspiration of ownership and initiative; they had the boldness that knew 

no fear; they demanded of the ocean its treasure as if it was rightfully theirs—and the ocean 

responded to their dauntless demands. Some of you will remember that way back in the 

old clipper days, many a time the crew of a foreign vessel, lumbering along under lower top- 

sails, would see a cloud of snow-white canvas come over the horizon, and soon a “Baltimore” 

clipper would go booming by, royals flying, rigging singing in the wind, and the lee rail 

resting in the waters. (Applause.) The men of New York were among the maritime leaders 
of those days. 
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It was in New York that the great steamers of the then unmatched Collins Line were 

built; and the business men of New York and the engineering skill of New York made those 

Marine marvels possible. The wealth of the Morgans, the Ogdens and their associates pro- 

duced the unmatched Dreadnought, that theme of song and story whose memory will be cher- 

ished so long as men go down to the sea in ships; and it was from New York that there 

went out the tiny vessel greeted by British shipwrights with such careless scorn, but which, 

when the trial came and America’s marine skill was pitted against the best that England 

could produce, carried the Stars and Stripes to triumph on that day when to Her Majesty’s 

inquiry “What yacht is second?” for she knew then that America was first, the answer came— 

“There is no second.” 

Some political somnambulists have argued, and a few still argue, as if it were an open 

question, the proposition of whether or not our government should aid its merchant ship- 

ping. (Applause.) This chatter should have been ended long ago. Every maritime nation 

that has achieved success upon the ocean has achieved it by giving direct and powerful assist- 

ance to its shipping. (Applause.) The record is completely unbroken and unchallengeable 

on this point. 

Perhaps it is because those people have come to realize the hopelessness of any attempt to 

destroy our shipping by direct assault that some of them now seek to accomplish the same 

end by distracting attention from the real issue through citing changes in laws and rules 

which unquestionably have a material effect upon our merchant marine, and by proclaiming 

the wonders which American genius sometimes performs. But this is no time to lose sight 

of the main and absolutely essential fact that by government aid alone can American shipping 

remain in the foreign trade. So to those people I say: “First, make the position of our ship- 

ping secure upon the sea. Experience will show what minor matters must receive attention. 

First make sure that you have a baby; the little stranger itself will then aid you in deter- 

mining whether you should name it George Washington or Dolly Madison. It is poor judg: 

ment to stand considering whether you should employ cedar or spruce shingles for patching 

the roof of your house when the house itself is on fire.” 

Another method employed to shake the confidence of our citizens in the possible success 

of an American merchant marine is seen in the phrase so brazenly coined and given such 

wide circulation by many innocent parties, that the people of the United States are not ship- 

minded. Not ship-minded! When we still have with us the old frigate Constitution which 

in her day was the unmatched flyer of the seas. Not ship-minded! When in the glorious 

days of the sailing craft our vessels took and held and hold every record upon all of the 
great race courses of the oceans. Not ship-minded! When in the fifties, before foreign in- 

fluences had secured their strangling hold upon this great industry, this country produced 

the largest, fastest, finest and most efficient ocean-going steamships in the world. Not ship- 

minded! When the first transatlantic greyhounds built in this country took, held and still 

hold the record for number of round trips across the ocean made in any one year. (Great 

applause.) And they still hold the record, so significant to every shipping man, of never hav- 

ing been sea-swept. 

Not ship-minded! When, during that closing year of the World War, in response to the 

despairing cry of Europe for help, the chosen ships of all the world were racing across the 

ocean to put our boys upon the battlefields of France, before the fateful hour should strike, it 

was the Great Northern, designed by Americans, built by Americans, and manned by Ameri- 

cans that, challenging the best that England, France and Germany could produce, set and held 
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and still holds that wonderful time record for a round trip across the Atlantic. Not ship- 

minded! ‘Where do they get that stuff?” They get it from the enemies of an American 

merchant marine. (Great applause. ) 

But the descendants of those whose humble homes were on the seacoast, and who, in the 

Pilgrim days, depended so much upon the water for sustenance of life, the children of those 

strong men and noble women, who subsequently crossed the sea to cast their lots among 

those who were so triumphantly performing the great miracle of changing a savage wilder- 

ness into the richest and most blessed land the world has ever known, feel the ocean heritage 

is a part of every true American life—that rush to the ships at duty’s call in the epochal years 

just passed has proven this again; and now we may with confidence look forward to that 

day, already dawning, when the many-faced opponents of an American merchant marine 
shall find their subtle efforts unavailing, and the ships that bear the Stars and Stripes shall 

brighten again the waters of the world, even as in those days when every sunrise upon every 

ocean revealed the shimmering sails of an American ship, the silver ripple beneath her bow, 

moving in fearless pride along the liquid highways of commerce, a queen upon the sea. 

(Great applause. ) 

THE ToasTMASTER :—I am sure, gentlemen, you wish the Toastmaster formally to ex- 

press your thanks to Mr. Plummer for his words of cheer and hope, even though you have, 

by your applause, already voiced them much more effectively than he can. 

Now we have finished the formal numbers on our program of speeches. There are two 

gentlemen, however, that I wish to present to you—I will not detain you long and you should 

meet them or renew your acquaintance with them. The first is an officer of the Navy, who 

has just been assigned to one of the highest technical posts in the gift of the Government— 

a very great and responsible post. 

I take great pleasure in presenting to you the engineer-in-chief of the Navy, Rear Ad- 

miral John K. Robison. 

ApmiraL J. K. Ropison :—We have the same job ahead of us. It is new to me, but you 

are more or less used to it. I have forty cents next year to do—per horse-power, that is— 

what they had a dollar to do with ten years ago. I do not know how to do it yet. I need 

your help. We in the Navy have been taught from the beginning that when you get in 

trouble we take you out. We are up against exactly the reverse side of that proposition 

now. I have to get the help of some A No. 1 he men, because I do not know how to make 

forty cents go as far as a dollar did ten years ago. Prices have not gone down that much. 

That is what 1 am up against. I have not the most remote doubt in the world that we are 

going to do it. I do not know all the details. 1 do know some of them, but I have not the 

most remote doubt in the world that you are going to have the Navy, what there is of it, fit 

and ready when you need it. (Applause.) 

THE ToOASTMASTER:—Now, gentlemen, one more introduction and a most important 

one. Yesterday the Society elected a new president. He is here tonight. He needs no in- 

troduction whatever from me to an audience of this kind, but it is my privilege to say that, 

after long, faithful, devoted service, having always the best interests of this Society at heart, 

sparing no time or trouble, there has come to him the highest honor in the gift of the Society, 

and he richly deserves it. 
I take great pleasure in presenting to you the president-elect of this Society, Mr. Walter 

M. McFarland. (Great applause.) 
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ADDRESS BY PRESIDENT-ELECT WALTER M. McFARLAND, 

Mr. President, honored guests and fellow-members of the Society, such an introduction 

as Admiral Capps has just given me, and such a reception of it as you have tendered, is 

enough to make any man very proud. As the Admiral has truly said, I have worked faith- 

fully and devotedly in the interest of the Society. It has always been very near my heart. 

I do not think that I can hope to make such a record as he has made, because he was one of 

the charter members and one of the organizers of the Society. I was one of the early mem- 

bers, and I have worked faithfully ever since. It has always been a great delight to me. 

Many of my best friends are members of this Society, and at one time, when I had gone 

beyond the Allegheny Mountains and supposed I was cut off, in large measure, from marine 

affairs, it was always the greatest pleasure of the year for me to come back here and attend 

our annual banquets, so as to be able to see all these dear, familiar faces and to have the old 

ties of association renewed. 
Now, as has been pointed out, and as is in everybody’s mind, this is a time when things 

look somewhat blue for the marine interests, but, while sitting here, I was thinking about 

what our boys said on the other side when things looked blue—they said “Are we dis- 

couraged?” The answer came—‘No,” and I believe in my heart that is the way all 

of us feel. Americans are not the kind of people to be thrown down. We will face 

the situation, and we will do our very best to go forward. I only ask all of you, who 

have the interests of the Society at heart, just as much as Admiral Capps and Mr. Taylor 

and all the rest of us who have been working for it all these years, to give me the same hearty 

support in carrying out my duties as your president that you have given to those very dis- 

tinguished gentlemen who have preceded me. With such support I know that we can con- 

tinue to make the Society, as has already been remarked tonight by a distinguished for- 

eigner, one of the greatest instruments for the advancement of the maritime interests of the 

United States. (Prolonged applause.) 

4 

At this point Commander Stevenson Taylor arose amid great applause. 

CoMMANDER TAyLor:—Gentlemen, I arose not to make a speech, but to say that 

tonight practically ends the term of a president than whom no man has given, since the 

organization of this Society, more careful thought for its advancement and for the culti- 

vation of its interests. The past three years’ service has only added to our obligations of 

all of the previous years, and I ask you to rise and with our best wishes drink the health, 

the perfect health, if such is possible, of President W. L. Capps. (Long and loud applause. ) 

PRESIDENT CaApps:—Gentlemen, I greatly value the words of appreciation uttered by 

our former president, and the way in which you have received them. You well know how I 

cherish such sentiments, but at this hour I shall surely not detain you by saying anything 

further. 

We are now at the end of a very successful annual meeting and, in spite of the many 

unexpected obstacles, I believe we have had also a most enjoyable and a most successful ban- 
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quet, thanks to those who took the trouble to prepare the addresses which you have heard, and 

who came long distances to deliver them. 

I think we really can be optimistic of the future, in view of the very positive statements 

made by those gentlemen who have spoken this evening and who are in a position to trans- 
late words into deeds. And I feel assured that, so far as the power lies with them, they will 
make these words deeds in fact. 

Now, gentlemen, it only remains to thank those who made possible the success of this 

evening, especially our Entertainment Committee, and to thank the Secretary and his staff 

for all their work, which we may not see, but of which we experience the benefits. Let me 

wish you all a very, very happy fulfillment of your hopes during the next year, with many 

pleasant rays of sunshine to illumine the clouds that have hovered over our professional 

affairs in recent times. 

I now declare our meeting adjourned sine die. 
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ELLSWORTH PRICE BERTHOLF 

MEMBER 

Commodore Bertholf was born in New York City, April 7, 1866. He was educated 

at the Naval Academy and the Revenue Cutter School. He was appointed a 3rd Lieu- 

tenant, and was advanced through all grades of the Revenue Cutter Service, during which 

time he saw service on nearly all of its stations. His most conspicuous services were in 

Alaska and the Arctic. In December, 1897, he volunteered as a member of the overland 

expedition to go to the rescue of 300 whalers, whose vessels had become icebound and 

wrecked in the vicinity of Point Barrow, the northernmost land on this continent. With- 

out sufficient food it was almost certain that the entire number would be doomed to star- 

vation during the long winter. President McKinley accordingly directed the Revenue Cut- 

ter Service to rescue the unfortunate men. Such an expedition into the Arctic in mid-winter 

had never before been undertaken, and it was successful only because of the indomitable 

courage of Bertholf and his two associates, who, with the aid of natives, drove a large herd 
of reindeer across the barren and frozen wastes of Alaska and arrived in time to furnish 

food and save the lives of the famishing sailors. For this heroic duty Congress awarded 

each of the three officers a gold medal. 

In 1911 the then Captain Bertholf was selected as the Commodore Commandant of the 

Revenue Cutter Service, a position which he filled with marked ability for eight years. Dur- 

ing his incumbency of the office, and largely due to his efforts, the Coast Guard was created 

by the merging of the Revenue Cutter and Life Saving Services. 

Retiring from government service on June 30, 1919, he was at once appointed as a 

vice-president of the American Bureau of Shipping, a position which he filled with distinc- 

tion until his untimely death. 

He was elected a member of this society at the annual meeting in 1914. He died sud- 
denly in New York on November 11, 1921. 

MARTIN CORYELL ERISMANN 

MEMBER 

Mr. Erismann was born in Lambertville, N. J., in 1877, his mother being one of the 

Coryell family, of Coryell Ferry on the Delaware, and his father a native of Switzerland who 

came to this country as a young man. An inborn love for everything which floats led to a 

course in naval architecture at Glasgow University as the finish of an education, after which 

followed some twenty years of professional work in both commercial and yacht designing. 
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His first work as a draughtsman was with Stearns & McKay, the yacht builders of Marble- 
head, followed by a term at the Fore River Shipbuilding Co., with Maryland Steel Co., Spar- 
row’s Point, and Marine Construction and Dry Dock Co., Shooter’s Island, N. Y. About 

ten years ago Mr. Erismann settled in Seattle and engaged in commercial work. During the 

war he had charge of the designing for the Craig Shipbuilding Company at Long Beach, 

Calif., and more recently he was associated with Eads Johnson, Inc., in New York. His ex- 

perience covered every line of work from small racing yachts and power cruisers to the 

largest sea-going vessels, dredges, fishing craft and dry-docks. 

Visits to Europe in early youth afforded an opportunity for the study of foreign types 

and of access to the works of the early writers on naval architecture, and above everything 

else Mr. Erismann reverenced the traditions and conventions of the craft; he knew Chap- 

man by heart, and though progressive and even radical in his everyday practice, he would 

turn for inspiration and suggestion to this and other of the ancient authorities. 

With an intimate knowledge of marine artists and writers, he devoted much time to the 

collection of their works, and in addition he always found time for the study of local 

types of all kinds. When engaged in yacht work about Boston he unearthed one of the last 

of the now extinct Block Island boats and refitted her for a study of the type; he took off 

her lines and built a replica for further experiment. For many years he had collected the 

lines of similar local craft such as the Friendship sloops and the Hampton boats of the 

Maine coast, and at the time of his death he was at work on a book in which, under the 

comprehensive title of “Boats,” he proposed to cover the whole subject of American small 

craft, following the comprehensive work of Admiral Paris on the boats of the world. While 

always an indefatigable worker, the recent death of his father left him in a position to with- 

draw largely from commercial practice and to devote himself to the study of books and 

boats for the benefit of others, and his love for the subject, his thorough familiarity with it, 

his skill as a draughtsman and his supply of material afforded ample guarantee of 

what the result would have been. Apparently in the best of health and in the prime of life, 

a sudden attack of pneumonia ended a career of achievement in the past and promise for 

the future. 
Mr. Erismann had been a member of the Society since 1903. He died in New York 

City in November, 1921. 

FRANK LYSANDER FERNALD 

HONORARY VICE-PRESIDENT 

Frank Lysander Fernald was born at Kittery, Me., November 11, 1835, the son of 

William Salisbury and Sarah A. (Hanscom) Fernald. He was educated in the public schools 

until 1853, being engaged during a portion of that time and until 1854 in shipbuilding work. 

In 1854 he entered the service of the Government as a draughtsman, and by reason of 

his aptitude and efficiency was promoted through successive grades until he reached that 

of chief draughtsman at the Navy Yard, Boston, in 1868. On May 4, 1871, he was ap- 

pointed an Assistant Naval Constructor in the Navy, with the rank of Lieutenant. On 

March 12, 1875, he received his promotion to Naval Constructor, his rank in this grade 

being increased in due course to Lieutenant Commander, Commander and Captain, the last 

named rank being attained in June, 1896. 

Se a 
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From 1871 to 1882 he was on special duty at Chester, Pa., and at the Navy Yard, Phil- 
adelphia, in connection with the rebuilding and completion of double-turreted monitors, in- 
cluding the U. S. S. Miantonomoh. During this period he was also ordered to duty abroad 

in connection with the manufacture of armor for naval vessels, and made an extensive pro- 

fessional tour in England, France and Germany. 

In October, 1882, he was assigned to duty as a member of the Naval Advisory Board. 

This board was organized under the presidency of Commodore R. W. Shufeldt, under the pro- 

visions of the Act of August 5, 1882, his other associates on the board being officers who 

had gained distinction as experts in ordnance and engineering. The work of this board was 

an important element in the early development of our modern steel navy. In fact, it deter- 
mined the technical features of the designs of the Chicago, Boston, Atlanta and Dolphin, the 
first vessels of our so-called new navy, and until its dissolution about five years later it exer- 

cised important functions in connection with the designs of U. S. naval vessels. 

In January, 1887, Captain Fernald was relieved from duty with the Advisory Board 

and ordered as superintending constructor of naval vessels building at the Union Iron Works, 

San Francisco, Calif. While so serving he superintended the construction of the cruisers 

Charleston (first steel vessel of this name) and San Francisco; also the double-turreted mon- 

itor Monterey, a vessel whose design called for the heaviest battery installed up to that time 

on a U. S. naval vessel. The unusual professional ability and experience of Captain Fer- 

nald while on this duty were of special value not only to the Navy Department but also to the 

shipbuilding yard, since few naval architects in this country, either in civil life or the naval 

service, had had his opportunity for such extensive practical experience in work of this kind. 

The high quality of workmanship on the vessels built under his supervision at this time 

amply attested the efficiency of his performance of duty. 

In 1891 he was detached from duty as superintending constructor at the Union Iron 

Works and ordered to the Navy Yard, New York, in charge of the Department of Construc- 

tion and Repair. While serving as head of this department he supervised the building of the 

armored cruiser Maine (subsequently destroyed at Havana, Cuba, in 1898) and the cruiser 

Cincinnati, the last named having only recently been stricken from the navy list. Aside 

from interruptions of additional duty as a member of various boards, he continued on duty 

at New York until 1895. 
One of the most important boards on which Captain Fernald served during this period 

was the so-called Stability Board, of which Rear Admiral John G. Walker, U. S. N., was 

president. This board was charged with the general investigation of the stability of vessels 

of the U. S. Navy, and had in its membership some of the most experienced officers of the 

naval service. Captain Fernald was the senior of those representing the Construction Corps. 

Extensive alterations subsequently made in the gunboats Machias and Castine, with a view 

to increasing their efficiency and seaworthiness, were directly due to recommendations sub- 

mitted by Captain Fernald while a member of this board; and these alterations were carried 

out subsequently under his personal supervision at the Navy Yard, New York. 

In 1895, in connection with his duties as a member of the Board of Inspection and Sur- 

vey, he was ordered to proceed to Southampton, England, for the inspection of the mail steamer 

New York and other vessels of her class, with a view to reporting upon their seagoing and 

structural qualities in connection with their possible use for naval purposes in time of war. His 

reports were of great value to the Navy Department, and it is a matter of history that these 

vessels performed efficient service a few years later as armed cruisers in the naval service. 



380 OBITUARY. 

During the period from 1895 until his retirement in November, 1897, Captain Fernald 

served on various important naval boards, and also as superintending constructor at the Bath 

Iron Works, Bath, Me. At the time of his statutory retirement for age he had had a total 

service of twenty-six years and seven months on the active list of the Navy, being unemployed 

less than three months of this period. 

In March, 1901, Captain Fernald was again placed on active duty and ordered to proceed 

to the Asiatic Station and to report to the Commander-in-Chief for special duty. In January, 

1902, upon the completion of this duty, he was detached and ordered to proceed to Washing- 

ton via Rangoon, Burmah. 

After a short period of service in Washington, he was assigned to duty as superintend- 

ing constructor at the works of the Gas Engine and Power Company, Morris Heights, New 

York; the Crescent Shipyard, Elizabethport, N. J.; and the Columbian Iron Works, Balti- 

more, Md. Also, during the period from June, 1902, until May, 1906, he was a member of 

various departmental boards, one of the most important of which was that under the presi- 

dency of Rear Admiral Thomas O. Selfridge, U. S. N., this board being charged with the 

very important duty of appraising the value of work performed on various naval vessels, 

contracts for which had been forfeited. In May, 1906, he was detached from all duty, 

ordered home, and returned to an inactive status on the retired list. 

The connection of Captain Fernald with the Society of Naval Architects and Marine En- 

gineers was especially notable. He was a Charter Member, an Incorporator and one of 

the original Members of Council. In due course he became one of its Vice-Presidents and 

was also one of the first to be accorded the distinction of being elected an Honorary Vice- 
President. Up to the very end he manifested great interest in the development of his pro- 

fession and was constant in his attendance at the annual meetings of the Society, where his 

presence was always warmly greeted, not only by his former professional associates but 

also by the rising generation of shipbuilders and engineers, all of whom held him in high and 

affectionate esteem. 

The foregoing summary recital of the principal duties performed by Captain Fernald 

while an officer of the Construction Corps of the Navy, with brief allusion to his connection 

with this Society, gives only a meager outline of the character and extent of the professional 

activities of that very able officer during his long and distinguished service. 

He was an officer of unusually sound professional judgment, broad experience and high 

ideals, and he has left to his former colleagues, and especially the younger generation, an 

example of efficient and loyal performance of duty worthy of highest admiration and all 

possible emulation. 

Captain Fernald died on May 29, 1921, while on a visit to California. He is survived by 

a son, Chester Bailey Fernald, an author of note, now living in London, England. 

WILLIAM DUNDERDALE FORBES 

MEMBER 

Mr. Forbes was born in Perth Amboy, N. J., on July 10, 1854. He was educated abroad 

and while a student in France served in the Franco-Prussion War as a franc-tireur in the 

French Army. Before returning to this country he worked with the famous gunsmiths of 

Switzerland and for a time was on the editorial staff of Engineering of London. OO 
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Upon returning from Europe in 1872, Mr. Forbes began his professional career with 
the Delamater Iron Works, at that time located on West 11th Street, New York City. Fol- 

lowing this, he became engineer of the Gould Sprinkler Company, 237 Broadway, New York. 

He then spent two years in Kingston, Jamaica, as operating engineer for the Watson Sugar 

Plantation Company, and in 1878 was appointed by Governor Palmer of Colorado as chief 

engineer of the Gunnison Division of the Denver and Rio Grande Railroad Company with 
headquarters at Gunnison, Colo. 

Returning east after two years, he became superintendent of the Eaton, Cole & Burnham 

Manufacturing Company, Bridgeport, Conn. At this time he invented the Forbes patent die 

stock and, forming a partnership with Roderick P. Curtis of Bridgeport, took up the manu- 

facture of this specialty, selling his interest to the Curtis family in 1888. 

As Mr. Forbes was chiefly interested in the development and manufacture of high-speed 
marine engines and other marine machinery, he came to New York and, entering into partner- 

ship with the late Col. E. A. Stevens, established the W. D. Forbes Company in Hoboken, 

N. J., for the manufacture of marine engines and ice machines for the Government and for 

owners of private yachts. For sixteen years this plant, known to many as the “gun shop” 

on account of Mr. Forbes’ interest in the development of rapid-fire machine guns, was in 

active operation in Hoboken, after which it was moved to New London, Conn., where later, 

owing to unfavorable business conditions, the business was discontinued. 

In 1914 Mr. Forbes was stricken with brain fever, resulting in total blindness. During 

the last years of his life, although deprived of sight, Mr. Forbes continued his professional 

activities in the design and development of mechanical devices, including a successful auto- 

matic rifle, and in contributing to the engineering press. 

Mr. Forbes was an active member of the Society of Naval Architects and Marine En- 

gineers since 1898, serving several terms as a member of the Council. He was also a mem- 

ber of the Engineers’ Club of New York, an associate member of the American Society of 

Naval Engineers, and a life member of the American Society of Mechanical Engineers. 

Apart from his professional career, his interests were many and varied. For nine years he 

was a member of the Board of Education of New Jersey, and for several years was in 

charge of the colored school at Bordentown, N. J. He is survived by a wife, a daughter, 

widow of Lieutenant Murray E. Cramer, of the 107th Infantry, and a son, Reginald D., who 

is State Forester of Louisiana. 

To those who were privileged to know and work with Mr. Forbes, his life will always be 

an inspiration, not only because of his ability and achievements, but also because of the brave 

and generous spirit which marked his cheerful and helpful association with his fellow-men. 
Mr. Forbes died on February 17, 1921, at his son’s home in New Orleans, La. 

WILLIAM EDMOND FRANCIS 

MEMBER 

Mr. Francis was born in Wales, July, 1875. He served an apprenticeship at Millbrook 

Engineering Co., Swansea, South Wales. He then entered the sea service of the B. C. S. N. 

Co. and China Mutual S. N. Co. He obtained an extra first class engineer’s certificate and 

-was later assistant manager of the Mercantile Pontoon Dry Dock, Cardiff, South Wales, 
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and engineer and assistant superintendent of Williams & Robin Sons Water-Tube Boiler 

Works, Queens Ferry, South Wales. Mr. Francis came to this country in 1912. He first 

took a position with the General Electric Company and later assumed charge of the engi- 

neering department of the Barnet Leather Works in Little Falls, but returned to the General 

Electric Co., and during the war he had charge of installation of marine geared turbines 
for that company. Mr. Francis died December 21, 1920, leaving a wife and four children. 

He had been a member of the Society since 1918. 

EMILIO SEVERO GODOY 

_ MEMBER 

Emilio S. Godoy was born in Santiago October 15, 1872. He graduated from the 

Institute of Havana in 1889 and two years later entered the street railway field as manager 

of the city system of Lima, Peru. He projected the first electric railway in Peru, a 20-mile 

interurban line from Lima to Chorrillos, and managed its construction in 1904. He under- 

took, soon after, the electrification of the Lima system, comprising about 20 miles of track. 

and completed the work in 1906. He was one of the organizers of the Empresas Electri- 

cas Asociadas of Lima, which was founded in 1906, and served on the Board of Managers 

till 1913, when he accepted the appointment of general manager of the Santiago system. 

While in Santiago de Cuba, Mr. Godoy was also a manager and director of the Compania de 

Urbanizacion y Ensanche de Santiago y Caney, a land development company, fully developing 

and building what is the most modern part of the city. He held both positions until the latter 

part of 1916, when he was appointed general manager and vice-president of the Standard 

Shipbuilding Corporation, of Shooter’s Island, Staten Island, N. Y., which he reorganized, in- 

creasing its personnel during the war to approximately 7,000 men, and launching 27 ships. 

He was elected a member of this Society in 1918 and died January 12, 1921. 

MAURY POLK GREGG 

MEMBER 

Mr. Gregg was born April 20, 1892. He was a graduate of the Blight School and the 
course in naval architecture in the Franklin Institute of Philadelphia. He served an appren- 

ticeship in the Cramp’s Shipyard, 1910-1914, and was later employed as draughtsman by 

J. Murray Watts, New York Navy Yard, and Chester Shipyard, 1914-1917. He served as 
surveyor in the American Bureau of Shipping from 1917 until his death in San Juan, P. R., 

January 27, 1921. Mr. Gregg had been a member of Company B, Philadelphia Engineer- 

ing Corps, National Guard of Pennsylvania, and left surviving him a mother and a sister. 

He had been a member of this Society since 1917. 
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PETER COOPER HEWITT 

MEMBER 

Mr. Hewitt was born in New York City, March 5, 1861; son of Abram Stevens and 

Sarah Amelia (Cooper) Hewitt. His father was a prominent iron manufacturer and mer- 

chant of New York, member of Congress from New York and mayor of that city, and his 

mother was a daughter of Peter Cooper, founder of The Cooper Union for the Advance- 

ment of Science and Art, manufacturer and philanthropist of New York. 

Mr. Hewitt was educated in Stevens Institute of Technology, Hoboken, N. J., and Co- 
lumbia University, New York City, making a specialty of economics, physics, electricity and 

chemistry. Inheriting a taste for mechanics, he devoted his attention to the improvement of 

mechanical processes and to scientific and mechanical investigations of a miscellaneous order. 
He obtained patents on improvements in glue-making machinery, invented and patented new 

forms of centrifugal machines and evaporators,and applied his inventive ingenuity to the devel- 

opment of automobiles, flying machines and electrical devices. During the war against Germany 

and Austria he invented and built a helicopter which would fly straight up without a “take off” 

and come straight down. He is best known to the public through his work in electricity, to 

which he began to devote his serious attention in 1898. On April 12, 1901, he announced the 

laws governing the electrical conductivity of gases at Columbia University, and demonstrated 

the requirements necessary to obtain a gas or vapor as a conductor having definite resistance 

characteristics and called attention to many associated phenomena. He invented the Cooper 
Hewitt lamp which creates light by causing a gas or vapor to conduct the electric current. 

The invention is utilized, by means of a specially constructed lamp made of blown quartz, 

to provide a powerful source of ultra violet rays for therapeutical use, sterilization and for 

promoting chemical reaction. 

Mr. Hewitt invented a light transformer. The light transformer receives light waves 

of one length or color, transforms the energy so received and radiates it as light waves of 

another color. It is used as a reflector in connection with the Cooper Hewitt lamp, to gen- 
erate the red rays in which the light of the Cooper Hewitt lamp is deficient. 

Another important invention is a device called by Lord Kelvin “Static Converter,” but 

more popularly known among engineers as the “Cooper Hewitt Converter.” It is used to 

transform alternating currents into direct currents. He invented an electrical interrupter 

for rapidly turning off powerful high tension currents, and a vacuum, gas or vapor device for 

automatically making and breaking an electric circuit, and used it for producing alternating 

currents from a direct source, and for producing high frequency impulses and alternating 

currents such as are used in wireless telephony and telegraphy. 
Mr. Hewitt invented a vacuum, gas or vapor amplifier for relaying of telephone mes- 

sages and amplifying them and for amplifying other electric variations. 

These six fundamental inventions in the electrical field, the Cooper Hewitt lamp, the 

Cooper Hewitt converter, the interrupter, the Cooper Hewitt pulsator, the electric wave 

amplifier, the telephone relay and the wireless receiver, were all developed by Mr. Hewitt as 

the result of years of experimental study of the phenomena attendant upon the flow of an 

electric current through a vacuum, gas or vapor. 

In 1907 Mr. Hewitt constructed one of the first hydroplane motor boats. It weighed 
2,000 pounds and had four sets of gliding planes, each set consisting of several planes 

in tiers. He also devoted considerable time to the subject of aeroplanes and dirigible 

balloons and obtained patents thereon. He received the honorary degree of Science Doctor 
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from Columbia University in 1903 and from Rutgers College in 1916. Mr. Hewitt was 

first vice-chairman of the Naval Consulting Board of the United States upon the organi- 

zation of that board during the great war. 

The Elliott Cresson Gold Medal was awarded to Mr. Hewitt in 1913 by The Franklin 

Institute of the State of Pennsylvania for the Promotion of Mechanic Arts. 

Peter Cooper Hewitt was a member of numerous societies, clubs, etc., and became a 

member of this Society in 1907. He died in Paris, France, August 25, 1921. 

% 

WILLIAM NEILL HOWELL 

MEMBER 

Mr. Howell was born in Minersville, Schuylkill County, Pa., on May 8, 1860. He was 

educated in private and public schools and at the University of Pennsylvania, taking private 

instruction under his father who was then Professor of Mineralogy and Chemistry. 

Mr. Howell entered the shipyard of Messrs. Wm. Cramp & Sons on the Delaware in 

1878, as an apprentice machinist, and after three years in the shop entered the drawing room 

and worked his way up to the position of chief draughtsman in the engine drawing room. 

At the outbreak of the Spanish War in 1898 he left Cramp’s and entered the U. S. 

Navy as chief engineer of the monitor Montauk with the rank of senior lieutenant. 

Shortly before the war was over he went to the Sandy Hook Proving Ground and 

finished up the design and testing construction of the 10-inch Howell depressing gun carriage 

for Admiral John E. Howell and Mr. C. E. Creasy of Washington. This was an expert- 

mental carriage the work on which he had undertaken while with Messrs. Wm. Cramp & Sons. 

In the early part of 1899 he went to Cleveland, Ohio, as chief engineer of the Globe 

Iron Works, but left in the fall of 1900 and was for a few weeks at Sparrows Point, Md., 

in the Marine Department of the Maryland Steel Co. 

On January 1, 1901, Mr. Howell commenced his duties as superintendent of the Phoenix 

Iron Works Co., of which Mr. Samuel Dick was president, and remained with them until the 

spring of 1903, when he resigned to accept the position of superintendent engineer of the 

Eastern Shipbuilding Company, of Groton, Conn., who were building the two large steam- 

ers Minnesota and Dakota of the Northern Pacific R. R. Co. These two ships were finished 

in the summer of 1904 and he stayed in New London until January 1, 1905, and then went 

to Philadelphia and entered into a partnership with Robert Snyder as consulting engineers, 

under the name of Howell and Snyder, until May 9, 1905, when he sailed for Germany 

to take charge of the Berlin office of the Lake Torpedo Boat Co., which was building a num- 

ber of submarines for the Russian Government. 

After about two years in Berlin the company moved the office to London ane he 

spent two years. During this time he went to St. Petersburg, Russia, for four months. 

Finally, when the Russian and Austrian work was finished in the latter part of March, 
1909, he left London and came back to America and continued with the Lake Torpedo Boat 

Co., in charge principally of experimental work on heavy oil engines of the Diesel type 

until October, 1913, when the Lake Company shut down. 

On July 15, 1914, he accepted a position with the Patterson, Allen Engineering Co., of 
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2 Rector Street, New York, as superintendent of their Jersey City plant and lived in Jersey 

City until September 25, 1915, when he was appointed superintending engineer for the New 

London Ship and Engine Co., of Groton, Conn. He went to Quebec, Canada, for this 

company to supervise the construction of 400 80-foot motor boats for the British Admiralty, 

and on completion of the order returned to New London. 

On July 1, 1919, he accepted a position as senior naval architect with the Emergency 

Fleet Corporation, 140 North Broad Street, Philadelphia, in the Cost Review Department, 

with whom he remained until March 3, 1920. 

On April 28, 1920, he was transferred to New Orleans, to finish up work for the Emer- 
gency Fleet Corporation in connection with the Gulf Shipbuilding plants, remaining until 

November 3, 1920, when he accepted the post of surveyor for the American Marine Insur- 

ance Syndicate for the Gulf District, with offices at 203 Orme Building, New Orleans, where 

he was employed at the time of his death, June 26, 1921. He had been a member of the 

Society since November, 1904. 

SAMUEL SPRING JORDAN 

MEMBER 

Mr. Jordan was born in Cape Elizabeth, Me., on June 26, 1862. He was graduate in 

mechanical engineering of Worcester Polytechnic Institute. He spent about a year as a 

machinist with the Star Match Company and the Portland Company, Portland, Me., and 

another year setting up marine engines in the works of the latter company. He returned to 

the Star Match Company, where for two and a half years he designed, built and ran special 

machinery. During part of that time he had supervision of the machine shop and auto- 

matic machinery. 

In March, 1886, Mr. Jordan entered the employ of John Roach of Philadelphia in 

charge of the engine work and draughting in his shipyard. The following year he accepted 

a position as first-class draughtsman to work on designs of triple-expansion engines for 

cruisers 4 and 5. These engines were built at the Union Iron Works in San Francisco, 

Calif. Later Mr. Jordan was employed at Cramp’s shipyard, and during his stay there the 

eruisers New York and Brooklyn were built. He resigned from this position to become 

superintendent of the Quintard Iron Works, New York, N. Y., where he was located until 

1903, when he opened offices as a consulting engineer and naval architect. For the past fif- 

teen years Mr. Jordan was managing the family estate in Scarboro, Me. 

Mr. Jordan was a member of this Society since 1896. He died January 5, 1921. 

HENRY LYSHOLM 

MEMBER 

Mr. Lysholm was born November 30, 1865, in Trondhjem, Norway. During a number 

of years of his youth he lived at the Navy Yard at Horten, Norway, of which his father, 

David Lysholm, was at that time the commandant. Thus at an early age his thoughts 

became associated with the work which he later followed. 
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After completing his studies in civil and mechanical engineering at the Trondhjem 

Technical Institute, he served an apprenticeship in practical shipbuilding in the Horten Navy, 

Yard. 
In 1888 Mr. Lysholm came to America. His first employment was in New York with 

Cooper, the prominent bridge designer of that time. Later he engaged in general civil and 

mechanical engineering, engine and boiler building, and wooden ship construction. 

In the later nineties he became associated with the Harlan and Hollingsworth shipyard 

at Wilmington, Del., where he began the templating system based on that employed in bridge 

construction. | 

When in the latter part of 1899 Mr. Henry G. Morse, an official of that company and 

himself a bridge builder, left to organize the New York Shipbuilding Co., Camden, N. J., 

he, recognizing Mr. Lysholm’s ability, asked the latter to come with him as his technical 
assistant. Mr. Lysholm worked on the preliminary plans of the lay-out of the New York 

Shipbuilding Co., and, when the construction of the first vesel was started, took charge of the 

fabrication, including the development of the loft template system which was to be one of 

the main features of the work at that plant. How well he succeeded is shown by the fact 

that this system, considered impossible and almost foolish by so many shipbuilders of twenty 

years ago, has been adopted by all the leading yards of this country and by many abroad. It 

was this successful development under his direction at the New York Shipbuilding Co. that 
blazed the way for the possibility of the fabricated ship during the war. Mr. Lysholm re- 

mained at this plant for sixteen years as superintendent in charge of the structural draw- 

ing room, mold loft, plate and angle shops, etc. 

In 1916, Mr. Lysholm was one of the organizers of the Pennsylvania Shipbuilding Co., 

at Gloucester, N. J., and became its general manager. The original intention was to build 

the hulls only of small vessels, the propelling machinery and much of the equipment to be con- 

tracted for outside, as done in many European countries. 

In 1918 the Pusey & Jones Co., of Wilmington, Del., took over the Pennsylvania and 

New Jersey shipyards at Gloucester, and Mr. Lysholm became the vice-president of the com- 

bined plants. 

Contracts were undertaken for larger vessels than originally planned for, and, owing to 

the conditions existing then, it became necessary to manufacture more and more of the 

parts other than hull structure. The constant strain of attempting to meet new and rapidly 

changing conditions, together with that impased by this country entering the war, caused 

Mr. Lysholm to suffer a severe physical break-down from which he never recovered. It 

became necessary for him to give up active shipyard management in the summer of 1918. 

In November, 1918, he opened an office in Philadelphia as consulting engineer and naval 

architect, in which work he was engaged up to the time of his death. In this capacity his 

Services were retained from time to time by a number of the larger shipbuilding firms of this 

country. A notable case was that of advisory engineer for the torpedo boat construction at 

the New York Shipbuilding Corporation. 

Numerous valuable inventions relating to ship construction were made by him, the most 
important being the Lysholm plate punching table, whereby the complete control not only of 

the punch but also of the movements of the plate itself was brought under the hands of one 
operator. This invention, eliminating the labor of several men per punch, and at the same 

time greatly increasing the output of a machine, contributed much in the speed-up program 

during the war. 

Mr. Lysholm was of a very retiring nature, very generous, loyal to his friends and 
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adopted country, and, above all, exceptionally devoted to his family, consisting of his wife 

and four daughters. He was greatly respected and admired by the thousands of men who 
have worked under him. 

Mr. Lysholm died September 20, 1921, and had been a member of the Society since 

November, 1904. 

JOHN McINNES 

MEMBER 

Mr. McInnes was born in Port Glasgow, Scotland, December 29, 1867. 

After attending the public schools in Port Glasgow he became a ship draughtsman ap- 

prentice with the firm of Blackwood & Gordon of that city in 1882 and completed this ap- 

prenticeship in 1887. From 1887 to 1888 he was a shipfitter with Russel & Co., Greenock, 

Scotland. From 1884 to 1888 he attended classes in mathematics and naval architecture in 

Port Glasgow and Greenock. From 1888 to 1891 he was a ship draughtsman at Palmer’s 

Shipbuilding & Iron Co., Ltd., Jarrow-on-Tyne, England. 

In 1891 Mr. McInnes came to the United States, which country he made his home for 

the rest of his life. He began as chief hull draughtsman at the Columbian Iron Works and 

Drydock Co., Baltimore, Md., in 1891. In 1893 he went to the Wm. Cramp & Sons Ship 

& Engine Co., Philadelphia, and remained there until 1895 when he returned to the Colum- 

bian Iron Works and Drydock Co. in Baltimore as naval architect. He remained there until 

he took the position of superintendent of construction at the Bath Iron Works, Ltd., Bath, 

Maine, in 1900. He held this position until his death. He was also a director of the above 

company from 1905 until his death. During his connection with the Bath Iron Works, 

Ltd., he was in full charge of the design and construction of the hulls built at that plant. 

John McInnes was a man of high character and of a personality that made and held 

many friends. He became a naturalized citizen of the United States, and his efforts for his 

adopted country during the war were a constant stimulus to many born American citizens. 

His widow and three sons survive him. 
Mr. McInnes had been a member of this Society since 1916. He died in Glasgow, Jan- 

uary 22, 1921, while on a visit to the land of his birth. 

JOHAN HUGO NORMAN 

MEMBER 

Mr. Norman was born in Sweden on October 22, 1868. He was a graduate in naval 

architecture of Chalmer’s Technical College, Gottenburgh, Sweden, class 1892. Coming to 

this country the same year, he secured employment as a draughtsman with the Steel Motor 

Company, Cleveland, Ohio. In 1897 he obtained a position with the Newport News Ship- 

building and Dry Dock Company, with whom he remained one year, and in 1898 he entered 
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the employ of Wm. Cramp & Sons Ship and Engine Building Company, continuing with this 

firm until his death April 21, 1921. Mr. Norman had been a member of the Society since 

1900. 

FLORAINE JOSEPH RENZ 

MEMBER 

Mr. Renz was born January 22, 1874, in New Haven, Conn. After finishing a course 

in the public and high schools of that city, he entered the marine field, being connected with 

J. Rosenfeld & Sons for several years. He later became sales manager to Briggs Bitumin- 

ous Composition Company and sales agent for the Federal Composition Company.” He was 

a member of Whitehall and Traffic Clubs and an Associate Member of the Society since 

1917. He died December 23, 1921, leaving a wife and one daughter. 

HUGO BERNARD ROELKER 

MEMBER 

Mr. Roelker was born in Osnabruck, Germany, September 19, 1843. After obtaining 

his early education in a technical school, he served an apprenticeship in a machine shop and 

later worked in the employ of an instrument maker. He later was engaged as mechanical 

draughtsman in an engineer’s and architect’s office. At the age of eighteen he came to this 

country and after a year’s experience in getting acquainted with the language and methods 

of working, in 1861 he secured a position as draughtsman in the DeLamater Iron Works at 

13th Street and North River, New York City. He rose rapidly to become respectively, chief 

draughtsman, assistant superintendent, and in 1883 became superintendent. 

The DeLamater works were the largest general machine and repair shops in the coun- 

try. The technical genius of the works was Captain John Ericsson and practically all the 

leading engineers of the country had their work done there, and Mr. Roelker enjoyed their 

acquaintance and confidence in developing and supervising their work. He saw several ves- 

sels of the Monitor type built there, including the largest of them, the Dictator. In 1869 

thirty gunboats were equipped there complete for the Spanish government to suppress the in- 

surrection in Cuba. Marine engines for many coastwise and river vessels were built there 

and stationary engines for large industrial plants. 

These works fathered the screw propeller which Captain Ericsson brought to this coun- 

try and for years turned out more propeller wheels than all other marine shops in the coun- 

try together. The method of sweeping these wheels in loam moulds was originated there. 

Many of the large industries of the day started there in Mr. Roelker’s office—notably sugar 

mills, air compressors, ice machines, hot air pumping engines. The preliminary experimen- 

tation for the elevated roads was carried on there. 
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The first self-propelled torpedoes, torpedo boats, destroyers, submarine boats, etc., were 
all developed under Mr. Roelker’s supervision. 

When the works closed down on the death of Mr. DeLamater and Captain Ericsson in 
1889, Mr. Roelker opened an office in Maiden Lane, doing a general mechanical and marine 
engineering practice, and making in later years a specialty of the Allen Dense Air Ice Ma- 
chine, principally for the U. S. Navy. 

Mr. Roelker was most helpful in extending the facilities of the works to the students 
of Columbia College, School of Mines, Yale College, Sheffield Scientific School, Stevens In- 
stitute of Technology, etc., who came there with their professors and spent several days and 
reporting their observations in their classes later. 

He was most genial and helpful as head of his department, and many young engineers 
who served under him succeeded in after life as the result largely of his encouragement. 

He belonged to the Arion, Liedercranz, Columbia Yacht, and Engineers Clubs, and the 
American Society of Mechanical Engineers, was also the first vice-president of the Ameri- 
can Society of Refrigerating Engineers, and was a Trustee of Die Deutsche Gesellschaft 
and incorporator and director of the Maiden Lane Savings Bank. His wife survives him. 

Mr. Roelker died on April 18, 1921, and had been a member of this Society since its 
organization. 

JAMES PRENTICE SNEDDON 

MEMBER 

The untimely death of Mr. James Prentice Sneddon while at the height of his mental 
and physical vigor removed a strong personality which was widely known throughout ma- 

rine circles, and, indeed, in all engineering circles where there is appreciation of the high- 

est-class work fabricated under supervisory ability of the highest grade. 

For more than a score of years Mr. Sneddon had been identified with the manufacture 

of high-class steam boilers, at first with the Stirling Company, and for the last fifteen years 

with the Babcock & Wilcox Company, of which he was general superintendent in charge of 

manufacturing. His career is a testimony to what can be accomplished by native ability of 

a high order when backed by untiring energy and devotion to work in spite of the lack 
of early opportunities. 

He was born in Newmains, Scotland, July 7, 1863, came to the United States when 

fourteen years old, and attended school at St. Louis and Carbondale, Illinois. After some 

preliminary work on leaving school, be became satisfied that his abilities were along mechani- 
cal lines and learned the machinist’s trade with the Rankine & Fritsch Company of St. 

Louis. A few years later he was master mechanic of the Crystal Plate Glass Company at 

Crystal, Mo., but soon returned to the Rankine & Fritsch Company as its manager. 

The panic of 1893 changed his plans and he was employed with various companies until 

he joined the Stirling Company in 1899, at its plant at Barberton, Ohio. Shortly after his 

arrival he was made superintendent in general charge of manufacturing, and greatly im- 

proved the ship methods and the product of the company. In 1906, when the Stirling 

Company was taken over by the Babcock & Wilcox Company, he became the general super- 

intendent in charge of all the manufacturing plants. This position he held during the re- 

mainder of his life. 
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Mr. Sneddon was a thorough mechanic and a born executive, keenly alive to all improve- 

ments and adopting them in his own plants where appropriate. It has been well recognized 

throughout the profession that the high reputation of his company for the excellence of its 
product is due in large measure to his technical and executive ability. 

Although marine boilers are the smaller part of the output of his company, the large 

number turned out under his supervision in the last fifteen years, particularly for naval 
vessels, made him a very important factor in the marine work of this country, and he was 

well known to all of the leading shipbuilders, who thoroughly appreciated his ability. 

Probably the greatest opportunity for his efficiency as an executive and technician came 

with the enormous demand for marine boilers on account of the Great War. His company 
was called upon to build about 400 destroyer boilers, more than a hundred other naval 

boilers, and about 1,200 boilers for the Emergency Fleet Corporation. For the first time in 

the history of marine boilers this gave an opportunity to manufacture them and to apply 
the principles governing quantity production. All of these Mr. Sneddon was quick to utilize, 

with the result that the works were soon turning out three boilers per day for the Emer- 

gency Fleet, one large-tube boiler per day for the Navy, and one large express-type boiler for 

destroyers per day. This involved, of course, a great extension of the works and equipment 

and a double turn. Even more was involved, because it was necessary to duplicate some 

of the large, special tools which had been built by the company itself, both for increased 

production and to guard against any possible stoppage of work. To do this it became neces- 

sary to make some large machine tools ancillary to the fabrication of the special boiler- 

manufacturing tools, because the machine-tool builders of the country were absolutely 

swamped and could not possibly make delivery in time. A machine of the required type 

which was in the works was dismantled, working drawings made from it by the Draughting 

Department, the necessary castings made in the company’s foundry, and finished in its own 

machine shop. With such indomitable energy as a driving force no obstacle was allowed to 

interfere, j 

There had been some concern in the Navy Department, and in the Emergency Fleet, 

that the company might not be able to deliver in time the enormous program which had been 

assigned to it, but it is gratifying to record that under this untiring executive all the various 

classes of boilers were delivered before the dates stipulated, and, in some cases, a consid- 

erable period before the shipbuilders could utilize them. It is a stroke of good fortune to 

have an opportunity to make such a record, but the successful fulfillment of the opportunity 

is not good fortune but is due to ripe experience, executive ability of the highest order, and 

the further ability to inspire zeal and loyalty in the subordinates who are to carry out the 

great program. 

Mr. Sneddon died on June 11, 1921, at Johns Hopkins Hospital in Baltimore, after un- 

dergoing two operations, and thus lacked only a month of being 58 years old. There was 

every reason to anticipate many remaining years of usefulness, but he could certainly feel 

that he had made an enviable record and had thoroughly fulfilled every duty which came 

upon him. 

He was a handsome man of striking appearance, due to his prematurely white hair, and 

his personality had a charm which will long be remembered by the wide circle of those who 

were privileged to count themselves as his friends. 

He had been a member of this Society since November, 1905, and was also a member 

of the American Society of Mechanical Engineers and of the Engineers’ Club of New York. 

He is survived by his widow, a son and a daughter. 
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Yo illustrate paper on “The Internal-Combustion Engine as Applied to Marine Propulsion,” 

by John F*, Metten, Esq., Member, and J. C. Shaw, Esq., Member. 
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To illustrate paper on “The Internal-Combustion Engine as Applied to Marine Propulsion,” 

by John F. Metten, Esq., Member, and J. C. Shaw, Esq., Member. 
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To illustrate paper on “The Internal-Combustion Engine as Applied to Marine Propulsion,” 

by John PF, Metten, Esq., Member, and J. C. Shaw, Esq., Member. 
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To illustrate paper on “Reduction Gears for Ship Propulsion,” 

by Robert Warriner, Esq., Member. 
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To illustrate paper on “Reduction Gears for Ship Propulsion,” 

, Member. Esq. by Robert Warriner, 
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Plate 6 

To wlustrate paper an “Reduction Gears for Ship Propulsion,” 
by Robert Warriner, Esq., Member. 
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To illustrate paper on “Reduction Gears for Ship Propulsion,” 
by Robert Warriner, Esq., Member. 
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Plate 8 Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

To illustrate paper on “Reduction Gears for Ship Propulsion,’ 

, Esq., Member. by Robert Warriner 
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To illustrate paper on “Reduction Gears for Ship Propulsion,’ 
by Robert Warriner, Esq., Member. 
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To illustrate discussion by Benjamin G. Fernald, Esq., Member, on paper entitled “The Inter- 

nal Combustion Engine as Applied to Marine Propulsion,’ by John F. Metten, Esq., 

Member, and J. C. Shaw, Esq., Visitor, and on paper entitled “Reduction Gears for 
Ship Propulsion,’ by Robert Warriner, Esq., Member. 

GCOMPARATIVE OPERATING ANALYSIS 

TYPE "BY CARGO SHIP (A500 TONS DW.) 

6600 TONS D. We Length 400" - 0", Beam 53' - 0", Loaded draft 25' - 0", 11 knots, sea spead loaded, 

9 ee ey Distance. Days et sea. Waiting cargo Loading days Single trips 
days per trip. per trip. per year. 

11 Imots 
Freighc Rate:- $20.00 per ton. 264 kmota per day 
Route:- Tokyo = San Francisco. 4800 kmots 18 6 6 u 

1:= RECIPROCATING ENCHY, S:- THIN DIZSEL =NGINES DATA Ch PROPELLING EQUIPHEN?: = GEARED COMPOUND TURPRE 

Turbine:- 1-2800 SHP - 90 RPM Parsons-Compound 
Turbine with Falk Double Reduction Gear, 
(es per proposal U.S. Shipping Board.) 

Soilere:= 3 Scotch #210, SO deg. superheat, 
7,000 eq. ft. heating surface, ofl fired 
forced draft, 

Engino:-.2-1400 EHP = 1850 IHP = 115 RPM 
4 cycle, 6 cylinder, 3B, & W. 

Engins:- 1-3000 1HP ~ 2800 BHP - 89 RPM 27" x 47” 
x 78" x 48" stroke. 

Boilers:= 3 Scotch #190, 8,000 sq, ft. total heating 
surface, oil fired forced draft, 

DESCRIPTION: = 

355 Tons complete with all auxiliaries and 100 
tons additional for water in boilers and ccndenser,| 
Total 455 tons. 

795 Tons complete with ali euxiliaries. 
Fresh cooling water included in weter 
and stores. Total 795 tons. 

455 Tons complete with all auxiliaries and 10C tons 
additional for water in boflers and con‘ienser, 
totel 555. 

MACHINERY WEIGHT: = 

$687,500, installed complete and ready for sen 
(Based quotation to U. S. S. B.) 

#0.45 per BAP hr, inoluding euxilieries. 
13.5 tons per 24 hrs, 

521,000, installed complete and ready for sea. $594,500 installed complete end rondy for see 
(Turbine, as per quotation U. S. S. B.) 

COST - INSTALLED: - 

#1.00 per SIP hr, including auxiliarios, 
Water rate #12 per SHP hr, 50 tons per 
24 hrs. 

FUEL OIL CONSUMPTION: = #1225 per SHP nr, including auxiliaries. Weter rate 
#16 per SHP hr, 37.5 tons per 24 hors. 

Round trip 243 tons x 2 plus 10%:- 535 tons. Round trip 540 tons x 2 plus 10%:- 1188 tons, 
550 tons essumed, 

FUEL OIL TANK CAPACITY: = 
1200 tons assumed. 

Round trip 675 tons x 2 plus 10%:= 1495 tons, 
1500 tons assumed, 

200 tons assumed, 206 tona assumed, 150 tons assumed (Based operating date 
M "Palatria™ East Asiatic Co.) 

WATER & STORES WEIGHT: = 

Deck:- 4 officers 21 men, 
Engine Room:- 4 officere 8 men, 

fficers 21 men. 
t= 4 officers 12 men, 

Deok:=< 4 officers 21 men. 
Engine Room:- 4 officers 12 mer, 

CREW: = 

CARGO CAPACITY: = 

D.7.LLOyD's STOR 
LOAD LIME: - 

8600-240+8360 tons. 8600 tens, 8600+ 100 £8700 tons, 

700 tons. FUEL WATER & STORES:- 1700 tons, 1400 tons. 

TOTAL D.W. CARGO CAPACITY:?| 8600-1700= 6900 tons, 8700-140027300 tons 8360-700=7660 tons. 

NET D. W. CARGO CAPACITY: 
(at. 5520 tons, 5840 tons. 6128 tons, 

ANNUAL OPERATING BALANCE SHEET 

“RECIPROCATING ENGINES= = GEARED COMPOUND TURBINES - + TWIN DIESEL ENGINES = 

Cost:- $175,00, per D.W, ton (8600 D..) r= § b Te i : We ¥, poeta te eo anrepeTOOoe Cost:- $164.50 per.D.W. ton (8700 D.W.) Coat:= $215.00 per D.W. ton (8360 D.W.) 
weatment:= £1,431,500. investment i- $1,798,000, 

Re from freight: ms MED Dr. re or. cr. 
ekenti =" venue:- 11 trips @ 5840 tons:- evenue:= 11 tripe tons:= 3 MCA Raa CRED Ro 11 trips @ 5840 64240 Re lh tripe @ 6128 67,400 

+5 trips © 675 edditional:= 3375 +5 trips € 640 additional 2700 : +5 trips @ 240 tons additional:- _ 1,200 
- *” SIOUs © f20:- $1,281,200 66,940 @ $20, $1,558,800. 68,600 @ §20. $ 1,372,000 

Capital Chargo. japital Charges:= " 
Interest @ 77:- Interest @ 7£:= capital Charges 
Depreciation @ S#:= 17.5% Depreciation @ Sé:= 17.5% Interest © 7é:- 
Insurance @ 4%4 Insurance @ 4*f:- Depreciation @ 7f:= 19.5% 
Taxes © 1¢:- $263,550. Waxes © 1f:- $250,510. Rear aye $ 350,600 t 7600. 

operating Cost:= Operating Cost:= 
Puel Oil:- 11x540 tons Fuel Of1:- 11x675 tons Operating Cost; - 

Fuel Of]: 11%245 2% port consumption, 10% port consumption 8168 tons 10¢ port consumption 
54,500 Bbla, @ $1,60 87,200. 65234 tons, 44,000 Bbla, © #1,60 70,400. 2726 tons, 16,250 Bbls, @ $3.50 Bol. 64,000. 

O4l & Supplies:- 3,000. 041 & Supplies:- 2,000. 041 & Supplice:- 5,000. 

crew:= crew: = Crew: - 
Deck:- 4 officors @ $150,-600, Deck:~ 4 officers @ $150, $600, Deck:~ 4 officers @ §150, $600. 

21 men @ 630, 630, 21 men @ £30, 630, 21 men © $30, 6350. 
Engine Room:= Engine Room:= Engine Room:= 4 officers @ $150, 600, 

mapeeteete GS 600. 4 gis taete @ $150. 600, 8 nen @ eats ae 400. 
2 men 50. 560 12 men @ $30. 360, iat 25 . 

Per month: = BIO0. Per month: = Per year:= 26,700, 
Per yoar:= Per year: 26,400. 

Food:= 41 x 365 days es Food:= 41 x 565 days @ $,75 per day:-11,200, Food:= 37 x 365 daya @ $.75 per day:= 10,200, 
per day 

Maintenance: - Neintenance:= Engine Dept. @ 147% 4,800. Waintenance:= Engins Dept, @ 3% 20,600 
Engine Dopt. @ 1#%;- 

AMNUAL OPERATING COST: = ANYUAL OPERATING COST: = 5.4510 ANNUAL OPERATING COST: = 477,100 
OPERATING SURPLUS: - OPERATING SURPLUS: - 973,490. OFERATING SURPLUS: 194,900 

Ino: 4 th ino:= 88,840, Increase over Reciprocating Engine:- $10,250. 
ye BELLO EUS GCOS E MEE n! eh Decrease from Goared Turbine:= $78,590, — 

+Utilization of 1/2 bunker space on return trips. +Utilization of 1/2 bunker space on return trips! 
Fusl O11 @ $1.60 per Bbl.San Prancise: rs +Utilizetion of 1/2 bunker space on return tri: 
(Quotation Oct. 29, 1919) can Fusl O11 © {1,80 por Bol. San Francisco (Quotation | .¢T°hiit heer Dicsel” ao used U.S, "Caiifornia” and 

u H.S. "George Washington." If California srady ould bo 
used the Annual Operating Cost would be reduced $34,675. 
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To illustrate discussion by W. B. Flanders, Esq., Visitor, and E. F’. Clark, Esq., Visitor, on 

paper entitled “The Internal Combustion Enyine as Applicd to Marine Propulsion,” by 

John I’. Metten, Esq., Member, and J. C. Shaw, Esq., Visitor, and on paper entitled 
“Reduction Gears for Ship Propulsion,” by Robert Warriner, Esq., Member. 
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To illustrate discussion by W. B. Flanders, Esq., Visitor, and E. F. Clark, Esq., Visitor, on 
paper entitled “The Internal Combustion Engine as Applied to Marine Propulsion,’ by 
John F. Metten, Esq., Member, and J. C. Shaw, Esq., Visitor, and on paper entitled 
“Reduction Gears for Ship Propulsion,” by Robert Warriner, Esq,., Member. 
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To illustrate paper on “Electric Propulsion of Ships,” 

by W. E, Thau, Esq., Member. 
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To illustrate paper on “Electric Propulsion of Ships,” 
by W. E. Thau, Esq., Member. 

Three-Wire 
Exciter Set 

Control Board 

Figure 3. Diagranmatic Scheme of Connections 

Synehronous Motor Drive. 

Exciter Set ; Secondary 
S Control 

Turbine 

Control Board 

Instruments 

Figure 4. Diagrammatic Scheme of Connections C 

‘Gauges af 
Wound Secondary Induction Motor 
Drive with Phase Advancer for 
Power Factor Correction. 

Interlocking Bed 



ei sya 

we: Xo nora sey 
Saleh a - 



—- 

Transactions Society Naval Architects and Marine Engineers, Vol. 29, 192!. Plate 15 

To illustrate paper on “Electric Propulsion of Ships,” 

by W. E. Thau, Esq., Member. 
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Plate 16 Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

Esq., Member of Council, on paper entitled 

“Electric Propulsion of Ships,” by W. E. Thau, Esq., Member. 

To illustrate discussion by Charles F. Bailey, 
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Plate 18 Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

Esq., Member. W. E. Thau by 
a 

3 

To illustrate discussion by Charles F. Bailey, Esq., Member of Council, on paper entitled 
“Electric Propulsion of Ships 
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Esq., Member. 3 W. EE. Thau 

To illustrate discussion by Charles F. Bailey, Esq., Member of Council, on paper entitled 
“Electric Propulsion of Ships,” by 

B
S
B
I
N
A
L
S
'
 

A
G
 

Ni
wW
Ww
 

|
 

N
3
 

dl
da

y 
4x
3 

‘a
vn

d 
Q-

If
 

dn
ou

5 
v-
Dl
d4
 

< 

= 
S
B
o
n
i
s
l
s
 
j
 

e
i
n
e
 

"
W
O
V
E
 

3
9
1
 

Le
 

L
E
 

L
i
p
 

aoa Wve 

adléd 

NAS 

sual’ anouLls (SX
 

GL
X 

IG
KS
EX
b2
 

Cy 

“
A
G
 
W
i
t
 

W
o
O
 

S
a
A
N
V
L
 
“
A
R
S
 

dwnd 

‘Ja 9 Aly. “EWOsS 



aa anim Me heen raster. town ie 
a 

x 

. 

yD jo edu 
oti 

Peel uriee L 

Ao TENE .O% 

plagqord sivas” i 
Voth * zalwont' ed 
qd Yo x ; 

Se
 
t
e
 

ke) 
ne 

rat 

poke. 
AT AW yd oe a pe ‘ 

Yrsaro 
nsdargtt 

* 

e
e
 

ot
 

a
u
e
n
s
 

DU
I 

SI
DI
R 

SX
a 

GA
UO
 

M
O
A
N
 

Bot 
R
P
S
M
I
B
T
 S
 

haltsins xedng 10 

OX stalh 



Plate 20 Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

on paper entitled To illustrate discussion by Charles F. Bailey, Esq., Member of Council, 

“Electric Propulsion of Ships,” by W. E,. Thau, Esq., Member. 
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To illustrate discussion by Charles F. Bailey, Esq., Member of Council, on paper entitled 
“Electric Propulsion of Ships,” by W. E. Thau, Esq., Member. 
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To illustrate discussion by Charles F, Bailey, Esq., Member of Council, on paper entitled 

“Electric Propulsion of Ships,” by W. E. Thau, Esq., Member. 
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Plate 23 Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

To illustrate discussion by E. H. B. Anderson, Esq., Member, on paper entitled 

“Electric Propulsion of Ships,” by W. E. Thau, Esq., Member. 
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To illustrate discussion by E. H, B. Anderson, Esq., Memver, on paper entitled 
“Electric Propulsion of Ships,” by W. E. Thau, Esq., Member. 
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“Electric Propulsion of Ships,” by W. E. Thau, Esq., Member. 

To illustrate discussion by E. H. B. Anderson, Esq., Member, on paper entitled 
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Plate 26 Transactions Society Naval Architects and Marine Engineers, Vol. 2y, 1921. 

To illustrate discussion by Elmer A. Sperry, Esq., Member, on paper entitled 

“Electric Propulsion of Ships,” by W. E. Thau, Esq.,.Member. 
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To illustrate discussion by Elmer A, Sperry, Esq., Member, on paper entitled 

“Electric Propulsion of Ships,” by W. E. Thau, Esq.,.Member. 
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To illustrate paper on “Electric Auxiliaries on Merchant Ships,” 

by E. D. Dickinson, Esq., Member. 
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To illustrate paper on “Electric Auxiliaries on Merchant Ships,” 
by E. D, Dickinson, Esq., Member. 

New Tyrer or Evectric Carco WincH HaAvyine THE REDUCTION GEAR INSIDE THE DRUM. 
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3 To illustrate paper on “Electric Auxiliaries on Merchant Ships, 

by E. D, Dickinson, Esq., Member. 

Marine Drrect-Currenr Motor, ENciosep, ror OperATING Deck MACHINERY. 





Transactions Society Naval Architects and Marine Engineers, Vol. 20, 1921. Plate 

To illustrate paper on “Electric Auxiliaries on Merchant Ships,” 

by E. D, Dickinson, Esq., Member. 

Marine ConTROLLER FOR DECK MAcHINERY Morors, 
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To illustrate paper on “Electric Auxiliaries on Merchant Ships,’ 

by E, D, Dickinson, Esq., Member. 

Betow Deck MACHINERY. 

Marine Direct-Current Motor, ENCLOSED, VENTILATED FOR OPERATING 
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To illustrate paper on “Calculation of the Transverse Strength of Submarines by Marbec’s 
Method,” by Professor William Hovgaard, Member. 

TABLE I. 

CHARACTERISTICS OF FRAME. 

(SEE MIDSHIP SECTION - PLATE35) 

IST OF REUTR: INERTIA 
: ABOUT NEU 

FLANGE AXIS... 
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2] a = 

w > a N w 

N v o 

Alte a n oa oe 

“im WAY OF ENGINE. 

TABLE> IL 
PRINGIPAL AXES OF INERTIA , FLEXIBILITY MASS 

(See cuRVES — PLATE 36, ) 
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49.98 +26.94|+ .84 |: 

TABLE I. 

CENTER OF GRAVITY OF FLEXIBILITY MASS. 

(see cuRvES — PLATE 37 .) 
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(se€ curves — Prate39.) 
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P VALUES OF Pp, %,ANDy ARE MEASUREO IN INCHES ON PLATE 36. 
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To illustrate paper on “Calculation of the Transverse Strength of Submarines by Marbec’s 
Method,” by Professor William Hovgaard, Member. 

MABEED We 

INTERNAL RESULTANT AND BENDING MOMENT 

(See curves - PLATE 36) 
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Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

Method,” by Professor William Hovgaard, Member. 

MIDSHIP SECTION. 

UPPER PORTION SAME 

3S FOR MAIN FRAME. 

Tze 

Cad 

TYPE OF INTERMEDIATE FRAME. 

To illustrate paper on “Calculation of the Transverse Strength of Submarines by Marbec’s 

REVERSE FRAME \\ 
2fouaxt 

TYPE OF MAIN FRAME. 
EVERY THIRD FRAME. 

Plate 35 

FRAME ~ 3¢*%2$«E 

MEDIAL LINE. 
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To illustrate paper on “Calculation of the Transverse Strength of Submarines by Marbec’s 
Method,” by Professor William Hovgaard, Member. 
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To illustrate paper on “Calculation of the Transverse S trength of Submarines by Marbec’s 
Method,” by Professor William Hovgaard, Member. 
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To illustrate paper on “Calculation of the Transverse Strength of Submarines by Marbec’s 
Method,” by Professor William Hovgaard, Member. 

CURVES FOR DETERMINING 

pal_Axes 

bg 

Princi 

Horz, Scale 1- iFt. 
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To illustrate paper on “Calculation of the Transverse Strength of Submarines by Marbec’s 
Method,” by Professor William Hoyvgaard, Member. 

Nodal Circle 
CURVES FOR DETERMINING 
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Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. Plate 40 
To illustrate paper on “Design and Construction of Passenger Steamers,” 

by E. H. Rigg, Esq., Member of Council. 

eo ee 8K 
H 

r fc a= eae ne eae orca Sate ee ered — 
Se as i as a a a 

PROFILE 

AMERICAN LEGION TYPE 

535' 0” CLASS 



ot: aromapie > 0M be aaatnk: toa0¥i so 
% 

we “ 

pe 

—— 

Ua els Rene sie hard be Pencaraee Lager 
opt ae p 

"Sai CP 



P i on “Design and Con tion Passenger Steamers,” Transactions Socicty Naval Architects and Marine Engincers, Vol. 29, 1921 To illustrate paper ign Construction of J) 
by BE. H. Rigg, Esq., Member of Council. 
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To illustrate paper on “Design and Construction of Passenger Steamers,” 
by E. H. Rigg. Esq., Member of Council. 
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Plate 43 

Transactions Society Naval Architects and Marine Engincers, Vol. 29. 1921- 
To illustrate paper on “Design and Construction of Passenger Steamers,” 

by EB. H. Rigg. Esq., Member of Council. 

Speers are a a) Per en ae 
] be 3 aE B= py: E opie! |. HQ 2 Ey = ER : g of : conto? od \ 

oh ets | era Be ef a ee a, NO & 
2c J neeiat Lear z =) arse ge) dF t one AN ‘ Bas 

a — A veck — 

cAmco race = 

EY RIGERATON 
(cango) 

both 

Camco erace Gy 

—— 

aren OLD NORTH STATE TYPE 

522' O" CLASS 
— uw peck —- 



4 

) 

3 . 



Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

To illustrate paper on “Design and Construction of Passenger Steamers,” 

by E, H. Rigg, Esgq., Member of Council. 
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Plate 

MaineEN VOYAGE. 

AMERICAN LEGION CLASS:—KeEyYSTONE STATE BEING WARPED AWAY FROM PIER PREPARATORY TO LEAVING ON 
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To illustrate paper on “Design and Construction of Passenger Steamers,” 

by Ei. H. Rigg, Esq., Member of Council. 

American Lecion CLASS:—WENATCHEE. Virw rrom Arter Deck House, Looxine ForwArp. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

To illustrate paper on “Design and Construction of Passenger Steamers,” 

by E. H. Rigg, Esq., Member of Council. 

Plate {0 

AMERICAN LeGion CLAss:—AMERICAN LeEGIon, SociAL Hatt. 
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To illustrate paper on “Design and Construction of Passenger Steamers,’ 

by E. H. Rigg, Esq., Member of Council. 

Plate 

View or SoctaL Hatt, SHOWING FIREPLACE. 

AMERICAN LEGION CLASS :—WENATCHEE. 
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To illustrate paper on “Design and Construction of Passenger Steamers,” 

by E. H. Rigg, Esq., Member of Council. 

Dinine Room. 

AMERICAN LEGIon CLASs:—AMERICAN LEGION, 

RMSE OMe 
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To illustrate paper on “Design and Construction of Passenger Steamers,” 

by £. H. Rigg, Esq., Member of Council. 

AMERICAN LEGION CLASS :—WENATCHEE, SMOKING Room. 
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To illustrate paper on “Design and Construction of Passenger Steamers,” 

by E. H, Rigg, Esq., Member of Council. 

Trea Room. 
—— a 

AMERICAN Lecion Crass:—AMERICAN LEGION, 
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To illustrate paper on “Design and Construction of Passenger Steamers,” 

by Ek. H. Rigg, Esq., Member of Council. 

Trrat TRIP. 

Orp NortH State CLAss:—PAn HANDLE STATE. 





Transactions Society Naval Architects and Marine Engineers, Vol. 20, 1921. 

To illustrate paper on “Design and Construction of Passenger Steamers, 

by E. H. Rigg, Esq., Member of Council. 

Plate 52 

First-Ciass State Room. 

Ortp Nort Sratr CLAss:—PAn HAnpLeE STATE. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. Plate 53 

To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 

by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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Plate 54 

To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 
by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 

Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. ‘ 
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To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 
by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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To illustrate paper on “The Influence of Shape of Transverse Sections U pon Resistance,” 
by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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To illustrate paper on “The Infiuence of Shape of Transverse Sections Upon Resistance,” 

by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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Plate 58 

To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 

by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 

by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 
by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 
by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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Transactions Society Naval Architects and Marine Engineers, Vol. 29, 1921. 

To illustrate paper on “The Influence of Shape of Transverse Sections Upon Resistance,” 

by Professor Herbert C. Sadler, Member of Council, and Professor E. M. Bragg, Member. 
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Transactions Socicty Naval Architects and Marine Engineers, Vol. 29, 1921. Plate 63 

To illustrate paper on “Power and Speed Trials of Ten Thousand Deadweight-Ton Tanker,” 
by H. A. Everett, Esq., Member. 
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To illustrate paper on “Power and Speed Trials of Ten Thousand Deadweight-Ton Tanker,” 
by H. A. Everett, Esq., Member. 
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To illustrate paper on ‘Power and Speed Trials of Ten Thousand Deadweight-Ton Tanker,” 
by H. A. Everett, Esq., Member. 
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To illustrate paper on “Power and Speed Trials of Ten Thousand Deadweight-Ton Tanker,” 
by H. A. Everett, Esg., Member. 
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To illustrate paper on “Power and Speed Trials of Ten Thousand Deadweight-Ton Tanker,” 
by H. A. Everett, Esq., Member. 
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