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In the following pages are compiled a number of diagrams and con-

cise tables relating to bearings, couplings, clutches, chains and crane

hooks, carefully selected from MACHINERY'S monthly Data Sheets, is-

sued as supplements to the Engineering and Railway editions of MA-

CHINERY since September, 1898. A number of additional tables and

diagrams also are included which are published here for the first time.

In order to enhance the value of the tables and diagrams, brief ex-

planatory notes have been provided wherever necessary. In these

notes a complete list of references is given to articles which have ap-

peared in MACHINERY, and to matter published in MACHINERY'S Refer-

ence Series, giving additional information on the subject. These refer-

ences will be of considerable value to readers who wish to make a

more thorough study of the subject. In a note at the foot of the

tables reference is made to the page on which the explanatory note

relating to the table appears.



BEARINGS, COUPLINGS AND CLUTCHES
Bearing-s

The design of bearings presents one

of the most important problems con-

nected with machine construction. No
general rule can be given for the di-

ameter of a bearing to sustain a certain

load, as a number of factors enter into

the design. The lubrication, in particu-

lar, plays a very important role, and

the durability of the lubricating film is

affected in a great measure by the char-

acter of the load carried. Commercial

oils will endure at low speeds, without

rupture of the oil film, from 500 to 1,000

pounds per square inch, when the load

is steady. It is not safe, however, to

load a bearing to this extent, since it is

only under favorable conditions that the

film will stand this pressure without

breaking. The approximate unit pres-

sure which a bearing will endure with-

out seizing is expressed by the follow-

ing equation:

PK

DN + K
In this formula:

p allowable pressure in pounds per

square inch of projected area,

D= diameter of the bearing in

inches,

AT= number of revolutions of journal

per minute,
P and K variables depending upon

the quality of oil, manner of lubrica-

tion, etc.

The value of P for ordinary cases is

about 200 for collar thrust bearings,

400 for shaft bearings, 800 for car

Journals, 1200 for crank-pins, and
1600 for wrist-pins. The factor K de-

pends upon the method of lubrication,

the rapidity of cooling and the care

which the journal is likely to get. The

value of this factor is as follows: Or-

dinary work, drop-feed lubrication, 700;

first class care, drop-feed lubrication,

1000; force-feed lubrication or ring oil-

ing, 1200 to 1500; extreme limit for per-

fect lubrication and air-cooled bearings,

2000. This latter value is seldom used

except in locomotive work where the

rapid circulation of the air cools the

journals.

In general the diameter of a shaft is

determined with relation to its strength
or stiffness. Having obtained the proper

diameter, the next step in designing the

bearing is to make it long enough so

that the unit pressure shall not exceed

the required value p. This length is

found directly by the equation:

W
L ^=^

PK
in which
L= length of bearing in inches,

W= load upon bearing in pounds,

P, K, N and D denote the same quan-

tities as before.

A bearing, however, may give poor

satisfaction because it is too long as

well as because it is too short. It is,

therefore, of importance that the di-

ameter and length of the bearing be

properly proportioned in relation to

each other. On pages 4 to 7, inclusive,

are given dimensions of pillow blocks

and general proportions of bearings for

shafts from 1 to 12 inches diameter.

These dimensions will be found very

convenient for determining the propor-

tions when the diameter of the shaft

has first been determined. If the load

placed upon the bearing is known, how-

ever, a calculation should be made to

make sure that the diameter and its

(Continued on page 2.*>.)
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DIMENSIONS OF BEARINGS I

No. 8

DIMENSIONS OF PILLOW BLOCKS.

Machinery, A.I.

Contributed by P.. II. Reddy, MACHINERY'S Data Sheet No. 44. Explanatory note : Page 3.
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DIMENSIONS OF BEARINGS II

DIMENSIONS OP PILLOW BLOCKS.
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DIMENSIONS OF BEARINGS III

No. 8

DIMENSIONS OP PILLOW BLOCKS.
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DIMENSIONS OF BEARINGS IV

DIMENSIONS OP PILLOW BLOCKS.
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DIMENSIONS OF BEARINGS V

No. 8

STANDARD BABBITTED BEARINGS.
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BALL AND ROLLER BEARINGS!

No. 8
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BALL AND ROLLER BEARINGS II

11

FORMULAS FOR BALL AND ROLLER BEARINGS. (Continued.)
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BALL BEARINGS I

DIMENSIONS FOR
TWO- POINT BALL BEARINGS

D = Diam. of

ff = ffadius of Race

*-*-%
B = A Cos, 26

= J Sin 26

5 = 2 (ff-B)

5-D= Clearance of Ball

in = Number of Balls

y Pi-, 003

Sin /80

n

S-D S-D

,175 ,050 ,045 ,022 ,260 ,010 m ,354 ,073 ,065 J03Z .577 .0/5

205 ,049 .044 ,021 ,322 ,010 ,394 ,082 ,073 .036 .641 .0/6

.240 ,053 .047 .023 .386 ,011 .433 .080 .039 ,705 .0/8

.275 ,056 .051 ,025 .449 ,011 ,473 .098 ,088 ,043 .770 .020

.0&5 ,058 ,029 ,513 .0/3 .558 .121 ,109 .053 .89$ .023

Contributed by Herbert C. Snow, MACHINERY'S Data Sheet No. 56. Explanatory note : Page 23.
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BALL BEARINGS II

13

TWO -POINT BALL BEARINGS
Continued
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BALL BEARINGS III
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TWO- POINT BALL BEARINGS
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BALL BEARINGS IV

15

TWO- POINT BALL BEARINGS
Continued
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CLAMP COUPLINGS
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Contributed by B. H. Reddy, MACHINERY'S Data Sheet No. 47. Explanatory note: Page 30.
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FLANGE COUPLINGS
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DIMENSIONS OF CAST-IRON TOOTHED CLUTCHES
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Contributed by Albert Gottschalk, MACHINERY'S Data Sheet No. 96. Explanatory note : Page 30.
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corresponding length, as given in the

table, are sufficient to prevent excessive

unit pressure. On page 8 are given di-

mensions for standard babbitted bear-

ings, the diameter A of the shaft being

the basic dimension. On page 9 propor-

tions for plain bearings are given; the

formulas upon which the more impor-

tant dimensions are based are given

beneath the table. [MACHINERY, Decem-

ber, 1906, January and February, 1907,

Design of Bearings; November, 1907,

Causes of Hot Bearings; MACHINERY'S

Reference Series No. 11, Bearings,

Chapters I and II.]

Ball Bearings

The permissible load to which two-

point ball bearings having one row of

balls may be subjected is given by the

following formula by Prof. Stribeck:

in which formula

P= load in pounds,
K= constant depending on the prop-

erties of the material, the form of the

ball race, and the angular speed of the

bearing,

2= number of balls,

d= diameter of ball in units of y8
inch. (For example, if the diameter of

the ball is % inch, then d= l. If the

diameter of the ball is 7-16 inch, then

d= 3.5, etc.)

For ball bearings made of high-grade
material and accurately machined, K
has the following approximate values

for steady loads and uniform speeds:

Revolutions
per Values

Minute of K
10 .................... 20

150 .................... 18

300 .................... 15

500 .................... 10

1000 .................... 7.5

1500 .................... 5

On the basis of these figures, it is ap-

parent that the given bearing will carry

only one-fourth the load at a speed of

1500 revolutions per minute that it will

carry at 10 revolutions per minute. The

table and the formulas given relate to

radial bearings. For determining the

permissible load on a thrust bearing,

we have the formula:

P= 2.2 Kd2
z,

in which the various letters denote the

same quantities as before. This for-

mula applies to steady loads and uni-

form speeds. The values of K to be

used for thrust bearings are given in

the following table:

Revolutions
per

Minute

10
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PROPORTIONS OF CAST-IRON FRICTION CLUTCHES

25
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PROPORTIONS OF UNIVERSAL JOINTS

No. 8

For SJz.es Nof

a J.8 D

b - 2.0 D

C - LOO
e - /.6D

g - 0.6 D

These proportions ho/d good
or 3 fee/ castings.

Given Be/ow.

h - 0.6 D

i - 0.2SD

H - 0. ^ Z?

W - 1.0 D

f = 0. 075D Approx.

p = 0./2SD

for forq/ngrs

a w
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Contributed by Alex Theuerkauf, MACHINERY'S Data Sheet No. 99. Explanatory note : Page 33.
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PROPORTIONS OF KNUCKLE JOINTS

27

for *s/ze^ not g/ren be/on

h - 2 D

/ - aSD
J - 0.2SD

K = O.SD

1 - LSD
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b /./ D
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Contributed by Alex Theuerkauf, MACHINERY'S Data Sheet No. Explanatory note
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STRAIGHT LINK CRANE CHAIN
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CABLE CHAIN
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ball bearings. On pages 10 and 11 are

given formulas and tables for deter-

mining the dimensions of the envelop-

ing and enveloped cylinder in ball bear-

ings, when the diameter of the ball and

the number of balls are known. This

table is, of course, equally applicable

to roller bearings, when the diameter of

the roller and the number of rollers are

known. The formulas required for de-

termining the dimensions are given at

the head of the table on page 10, and

in the body of the tables are given the

values of the constants entering in

these formulas for number of balls vary-

ing from 5 to 40.

On pages 12 to 15, inclusive, are given

dimensions for two-point ball bearings.

The table in the lower part of page

12 gives the dimensions relating spe-

cifically to the shape of the races when
the diameter of the ball is known, while

the dimensions in the tables on pages

13, 14 and 15 give the diameters of the

ball races as determined from the num-

ber and diameter of the balls.

Assume as an example that it is re-

quired to find the dimensions of a two-

point ball bearing having 20 balls of %
inch diameter. From the table on page

12 we find:

Radius of race #= 0.240 inch,

Dimension A= 0.053 inch,

Dimension B= 0.047 inch,

Dimension (7= 0.023 inch,

Dimension 8= 0.386 inch,

Clearance (/SfD) =0.011 inch.

From the table on page 13 we find

that for 20 balls of % inch diameter,

diameter X, or the diameter of the in-

ner ball race, equals 2.031 inches; di-

ameter Y, or the diameter through the

center of the balls, equals 2.416 inches,

and diameter Z, or the diameter of the

outer ball race, equals 2.802 inches.

[MACHINERY, December, 1907, and Jan-

uary, 1908, Ball Bearings; May, 1909,

Some Notes on Ball Bearings; MA-

CHINERY'S Reference Series No. 56, Ball

Bearings.]

Shaft Couplings

The types of shaft couplings in gen-

eral use vary greatly in appearance and

construction. The method of construc-

tion is often dependent upon the space

allowed for the coupling. When the

coupling must be limited to its di-

ameter, the clamp coupling, a type of

which is shown on page 16, is especially

suitable. When there are no limitations

on the diameter of the coupling, plate

or flange couplings, as shown on pages

17 and 18, are often used. Another sim-

ple form of coupling is shown on page

19. This coupling consists of a sleeve

or muff, split on one side, which is

placed over the shafts and their key;

the outside of this sleeve is tapered at

both ends, and it is clamped upon the

shafts by means of two taper rings

firmly held together by bolts. The crab

coupling shown on page 20, dimensions

for which are tabulated on page 21,

should be classified as a clutch rather

than as a coupling, a clutch, in general,

being understood to mean a coupling

which can be disengaged at will. Di-

mensions for the various classes of

couplings are given beneath the illus-

trations referred to.

Clutches

Clutches, as already mentioned, may
be defined as disengaging couplings.

Clutches may be divided, in general,

into two classes, toothed clutches and

friction clutches. The crab coupling,

shown on page 20 and already referred

to in the previous section, is an ex-

ample of a toothed clutch. In this

clutch one part, that to the left, is fast-

ened to its shaft laterally, as well as

keyed to the shaft to prevent turning.

The part to the right is free to slide

back and forth upon its shaft, but is,

of course, also prevented from turning

on the shaft by a key. The sliding

motion for engaging or disengaging the

clutch is accomplished by a forked lever

(Continued on page 33.)



No. 8 CHAINS AND HOOKS 31

TS

TABLE

FOR

EYE

B

(Contributed

by

H.

A.

JB8 !S D uiwj apew
pappnjsun jo

spunod 000*01
peajiU jo iuO}}og JB

ipu| jad spvajqx jo jaqiurtN

T 00 C3 CO 1^. C3 i COCMCOca^rooLrjr^cocnr CDLOI r^itotof^CTacMroijoooocM
T t r- r CM CM

T CM CM

in LO
CMr^i

in T ro
in
CM

un
CM

in i

cMin csiin
co CM LO i r*.
CD T CM ro 10

inmr>.
CM oo
co to

in
CM

in
r^
oo in

CM

in
r<
ro

in
CM LO

LO as r^-

in
r*-
oo

in in
CM CM

in i iCMroro
LO
r^*
ro

in
r

oo

in
CM

ininin
10
cM
co

in
CM

in
CM

in
CM

in in
CMr-
T ro

in
CM

in
r-.
ca

in incMinr>
r- CM ro in

Loroco
cM<*-co

in
r^-
oo

in
cM

in
r-~
ro

incMLo
toi>

in

ro ro ro ro

in
CM LO

in
CM LO
i CM ro in

CM CM CM CM

in

CM

in
r>.
oo

in
CM LO
r- CM

in in
r CM to
ro in co r>*

CMrororoforoioro
in
i>-

in in
cMinr*.

io co r-^ co

in
inr^
CM ro in

in
r**
co

c0i<oc3C3
COCMCSn-

CMCMro<*-incor^coooc3CMroinr>.oo CDi <*
CM CM CM

CMCMro!rinineocacocDi CMrococococnr-
^-r-r-i T T i i CM

cMCMCMCMcMCMrorororoioro



32 MACHINERY'S DATA SHEETS No. 8

i-loo TH(T)- ocloo i-ilw loloo into riHf eofco TIN cehj< t-|oo

r- i T T- CM CM CM oj CM o^j K> ro ND ro ro ro

cMCMCMCMCMCMCMCMrorororororororo

CMCMCMCMCMCMCMCMCMCM

r-|cO T-"(cC COJCO ft -r v

v ustao t-c IH|I esh* coto

ro ro ^- to 10 10 co co co r** t^i oo oo oo O3 03 er ^ es T ^ r CM

M "^ v **R
eo

'
ao ^^ "R ^



No. CHAINS AND HOOKS 33

as shown. Another form of toothed

clutch of special design is shown on

page 22.

The second type of clutches are the

friction clutches, of which the cone

clutch is the most common. There

appears to be considerable misunder-

standing, or perhaps rather lack of un-

derstanding, of the formulas for cone

clutches. A number of formulas are

given in various hand-books and treat-

ises on machine design, many of which

do not at first sight seem to agree.

While the various formulas may be cor-

rect, the difficulty met with is caused

by the fact that in cone clutch design

different formulas are developed accord-

ing to whether the clutch surfaces are

assumed to engage with or without

some slip. On page 24 is given a set

of formulas which takes both of these

conditions into consideration. These

formulas will be found very convenient

for ready reference when designing new
cone clutches or when checking designs

already made. On page 25 dimensions

for cast-iron cone clutches are given,

and formulas are added so that sizes

not given in the table beneath the illus-

tration can be proportioned if neces-

sary. [MACHINERY, November, 1908,

Clutches for Power Presses; October,

1909, Formulas for Cone Clutches.]

Universal and Knuckle Joints

Universal joints are made in many
forms. One type which will be found

suitable for ordinary conditions is

shown on page 26. A table of dimen-

sions is given, and formulas are provided
for proportioning sizes not contained in

the table. When universal joints are

used, the two shafts connected by means
of the joint do not move at a uniform

rate of motion in relation to each

other. If the driving shaft moves at a

uniform rate of motion, then the driven

shaft will have a slightly variable

motion. The variation, however, is so

slight, particularly for small angles, as

to be negligible in most cases occurring
in machine construction, where the uni-

versal joint is used merely for transmit-

ting motion without specific reference to

its uniformity. The universal joint is

used particularly for feed motions on
various machine tools; it does not work
well when the angle between the two
shafts is more than 45 degrees. Di-

mensions of knuckle joints are given
on page 27, together with formulas to

be used for sizes not given in the table.

CHAINS AND HOOKS
Chain for Hoisting Purposes

The only class of chain dealt with in

the following will be chain for hoisting

purposes. Chain of this character is

made with oblong or elliptically shaped
links. The best material to use for

chain is a good grade of wrought iron,

such as Swedish or Lowmoor iron,

either of which is freer from silicon,

phosphor, sulphur and other impurities

than the more common brands. The
tensile strength of the best grades of

wrought iron does not exceed 46,000

pounds per square inch, while mild

steel of about 0.15 per cent carbon has

a tensile strength of nearly double this

amount. TKe ductility and toughness of

wrought iron, however, is greater than

that of any other grade of ordinary com-

mercial steel; for this reason it is pref-

erable for making appliances subjected

to intermittent heavy strains, as it will

always give warning by bending or

stretching before it fractures or snaps
off. Another most important reason for

using wrought iron is that a perfect

weld can more easily be accomplished.

(Continued on page 38.)
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DIAGRAM OF CHAIN FRICTION

No. 8
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Contributed by R. A. Greene, MACHINERY'S Data Sheet No. 30. Explanatory note : Page 38.
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DIAGRAM OF JOURNAL FRICTION
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Contributed by R. A. Greene, MACHINERY'S Data Sheet No. 30. Explanatory note : Page 38.
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In calculating the strength of chains

it should be observed that the strength

of a chain link subjected to tensile

stresses is not equal to twice the

strength of a bar of iron of the same

diameter as the material from which

the chain link is made, but is a certain

amount less than this, due to the bend-

ing action caused by the manner in

which the load is applied to the link.

The weld also reduces the actual

strength of the chain link. The follow-

ing empirical formula is commonly used

for calculating the breaking load in

pounds of wrought iron crane chains:

W= 54,000 D*
in which
W= breaking load in pounds,

D= diameter of bar from which the

link is made, in inches.

The working load to which chains

should be subjected should never exceed

more than one-third of the value of W
,

thus determined, and in many cases not

even as high a stress as one-third the

breaking load is permissible. When
the load does not act in direct tension,

as, for example, in cases when the chain

is wound round *a heavy casting and

severe bending stresses thus introduced,

a much greater factor of safety ought
to be used. Dimensions for ordinary

straight link crane chain are given on

page 28. Besides the dimensions, this

table also gives the weight per foot of

the chain in pounds and the strength

of the chain, as ascertained by "proof"

tests for three different classes of

chain, designated as BB, BBB and

dredge chain. The "proof" usually applied

is half of the estimated ultimate load at

which the chain would collapse. On

page 29 are given dimensions for stand-

ard cable chains, both of the type known
as stud link chain, and of the type

known as close link chain. The weight

per foot and the strength as ascertained

by proof tests are given. On page 31

are given dimensions for the United

States Navy standard crane chain. As-

cording to this standard a factor of

safety of 5 is used. On the same page
are given dimensions for eye bolts of

a type that may be used in connection

with chain, and for other purposes. On
page 32 are given dimensions for the

United States Navy standard chain end
link and narrow shackle. [MACHINERY,
April, 1909, The Forging of Hooks and

Chains; MACHINERY'S Reference Series

No. 61, Blacksmith Shop Practice, Chap-
ter III, The Forging of Hooks and

Chains.]
Chain Friction

To determine by calculation exactly

the power lost through chain and

journal friction in hoisting machinery
is a very difficult, not to say impossible,

task. It is possible, however, to deter-

mise approximately the power consumed

by the chain and journal friction by

basing the calculations upon known ex-

perimental results. On page 34 is given
a diagram of chain friction showing the

resistance due to one bend of the chain

when the diameter of the sheave, in

inches, over which the chain is laid, and!

the diameter of bar, in inches, from
which the chain link is made, are

known. The explanatory note beneath

the diagram and the example given,

clearly indicate the method used for

determining the amount of chain fric-

tion. This diagram is based on the for-

mula:

d
/. = 0.04

D
in which

/c= chain friction,

d= diameter of bar from which chain.

is made, in inches,

D= diameter of sheave, in inches.

On page 35 is given a similar diagram
for determining journal friction. This>

diagram is based on the formula:

d

/a =0.15
D

in which

/ = journal friction,

d= diameter of journal, in inches,

(Continued on page 43.)
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DRUM SCORES FOR ROPE AND CHAIN

No. 8

STANDARD DRUM SCORES.
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D = diameter of circle at the peri-

phery of which the load is ap-

plied.

On page 36 formulas are given for de-

termining the total force required to

hoist a given load with different kinds

of hoisting apparatus when the chain

and journal frictions are taken into con-

sideration. On page 37 formulas are

given for determining the forca required

to move crane trolleys when a certain

load is suspended and the chain and

journal friction are taken into consid-

eration. The values of the journal fric-

tion /a and the chain friction /c to be

inserted into these formulas are obtained

from the diagrams on pages 34 and 35.

In this case the values used are, of

course, the values read off on the upper

and right-hand sides of these diagrams.

Crane Hooks

On page 39 are given proportions of

crane hooks based upon the formulas

given by Prof. Unwin. The dimensions

here given include hooks of a capacity

up to 10 tons, which is the capacity to

which tables of dimensions of crane

hooks found in hand-books usually ap-

ply. Hooks of these capacities are

largely the result of practice, and are

forged from a rod of uniform cross-sec-

tion for reasons of economy in manu-
facture. They are, however, not always
as economical as regards the use of the

material as might be desired. In de-

signing a hook of large capacity the mat-

ter of weight is of much more impor-
tance than the cheapness of production,

and it is important to distribute the

metal in the most economical manner
and to obtain the necessary strength
with a minimum of weight. The shape
of the cross-section of a hook is such
that it does not lend itself readily to

exact mathematical treatment, but ap-

proximations may be made which are

fairly accurate and which experience
has shown to be safe. On page 40 is

given a set of fundamental formulas for

the design of crane hooks of large ca-

pacities, and on page 41 a table of di-

mensions is given, by means of which
the work of determining the size of

crane hooks for various capacities is

greatly facilitated. Hooks designed by
this table have been thoroughly tested

in practice and have given entire satis-

faction. For ordinary service, a fiber

stress of from 16,000 to 25,000 pounds
may be safely used.

When using the table on page 41 for

designing crane hooks, the load P, in

pounds, which the hook will be required
to carry, is first determined. Then the

allowable fiber stress / is assumed, and
P

the quotient obtained. This quotient
/

is found in the body of the table under

the value of the radius r required in

the hook. When the nearest value to

P
in the table has been located in the

/

vertical column under the radius, fol-

low the line horizontally to the left-

hand column, which gives the dimen-

sion d directly. All the other dimen-

sions are proportioned from the dimen-

sion d, as shown in the engraving Fig.

2 on page 40.

As an example, assume that a crane

hook for a 50-ton crane is to be de-

signed, that the radius r is required to

be 3 inches, and that the allowable unit

fiber stress is 20,000 pounds. Ex-

pressed in pounds, P = 100,000 pounds.
This divided by 20,000 gives us the quo-

tient 5, which is found in the table in

the vertical column under 3-inch radius.

It will be seen that the nearest value

to 5 is 4.75, and following the horizontal

line in which 4.75 is found, to the left-

hand column for d, we find d= 7.5

inches. All the other dimensions can
now be found by inserting this value of

d in the formulas in Fig. 2, page 40.

Most of the available information

relative to hooks is better suited to meet
the needs of the designer than the

maker, and a few remarks relative to

the making of crane hooks may be of
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interest in this connection. When
hooks of either of the types shown on

page 39 are to be made, stock of the

diameter A of the hook should be used.

If a hook is made in proportion to a

chain to which it is to be attached, the

easiest and simplest manner of deter-

mining the right diameter of material

to use is to multiply the diameter of the

material of which the chain is made by
2.5. For obtaining the length of the

material for the hook, multiply the di-

ameter of the stock for the hook by 7.

Take, for example, a chain of standard

pattern made from material one-half

inch in diameter, which is generally

recognized as the proper size for a

working load of 1% ton. Thus, % inch

X 2.5 = 1% inch= required diameter of

stock for hook. In order to find the

length of the material to use, we have

114 x 7 = 8% inches. Therefore 8%
inches of material l 1^ inch in diameter

is the proper amount of stock to use for

a hook that will support a working load

of 1% ton. If properly forged, a hook
made from this material will be accord-

ing to the dimensions given for crane

hooks on page 39. The best material for

hooks is a good grade of wrought
iron. [MACHINERY, April, 1909, Crane

Hooks, and The Forging of Hooks and

Chains; MACHINERY'S References Series

No. 61, Blacksmith Shop Practice, Chap-
ter III, The Forging of Hooks and

Chains.]
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