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PREFACE

SOME years ago the author wrote a book entitled

"Aerial or Wire-Rope Tramways," which is now
out of print. Since the publication of that work
the term tramway used in relation to aerial lines

has been found by manufacturers and others to be

somewhat misleading, and these installations have

become almost universally known as aerial or wire

rope-ways. In consequence of this it has been

deemed advisable in this new work to discard the

term "Tramway
"

and substitute that of "Rope-

Way
"

in order to conform with the present

terminology.

The new book has been practically lewritten,

and those portions of the original work used have

been thoroughly revised and brought up to date.

Considerable additions to the subject matter, together

with a number of illustrations, have been made in

the chapters devoted to Details of Construction,

Electrically Driven Wire Rope-Ways, and that on

Miscellaneous Information. A number of descrip-

tions and illustrations of installations of lines on

the different systems are given by way of example

as in the former work. Much out-of-date matter

has been eliminated and replaced by particulars
iii
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IV PREFACE

and illustrations of lines of recent construction.

Additional matter and examples of lines on the

telpher system are also given. A special chapter

is devoted to wire rope-ways for hoisting and

conveying and for coaling vessels at sea, the former

type of rope-way being of great utility in building

bridges, making canal, railway and other excavations,

for dredging work, and for other purposes too numerous

to mention
;
and the latter being a subject of no small

interest and importance especially with relation to

warships when engaged in hostilities.

In the chapter dealing with miscellaneous informa-

tion will be found a method of calculating the strains

on the carrying rope of an aerial rope-way, also hints

as to the splicing, securing, preserving, &c., of wire

ropes. An addenda to this chapter devoted to general

matters gives instructions (illustrated) for uncoiling

wire ropes, removing kinks, estimating for wire rope-

ways, approximate prices for wire rope-ways of different

capacities, and a number of useful tables. The book

is provided with a sufficient Index, a Table of

Contents, and a List of Illustrations.

It is hoped that the present work will be found

of considerable more service than the former one

by those desirous of obtaining information regarding
aerial or wire rope-ways.

A. J. WALLIS-TAYLER

SUTTON, SURREY.
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AERIAL OR WIRE ROPE-WAYS

CHAPTER I

INTRODUCTORY DIFFERENT SYSTEMS OF AERIAL OR WIRE ROPE-
WAYS THE RUNNING OR ENDLESS ROPE SYSTEM THE FIXED
CARRYING-ROPE SYSTEM.

Introductory.

OVER fifteen hundred years ago wire ropes were known
to the Chinese, and were employed as rope-ways for

crossing rivers. It is also on record that aerial rope-

ways were used in the Middle Ages for the transmission

of goods. A book in the library at Vienna dated 1411

shows a drawing of a rope-way, and according to the

Danzig ''Chronicles" one Wybe Adam, a Dutch

engineer, constructed an aerial rope-way in that town
in the year 1644.

The advantages possessed by aerial or wire rope-

ways especially in mountainous countries for the

handling of materials, have now become so well under-

stood that it is unnecessary to expatiate upon them.

The system can likewise, though to a lesser extent, be

usefully employed for passenger traffic.

Amongst the more obvious general advantages
the following may be cited :

The unavoidable heavy outlay that would be

entailed in a hilly county by the necessity of making

tunnels, cuttings, and embankments for a line of rail-
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way is avoided ; and an aerial or wire rope-way can

be constructed and worked on hilly ground at a cost

not greatly exceeding that which would be called for

on a level country. Rivers and ravines can be

spanned without the aid of bridges. Gradients quite

impracticable to ordinary railroads can be worked with

ease. The lines do not occupy any material quantity

of ground, a post or standard at wide intervals being

sufficient to carry them, and the intervening land

being left free for cultivation or other use. The cost

of a line is in all cases in strict accordance with its

working capacity. Floods or heavy snows do not

interfere with the working. A line can be moved
from one place to another with comparative facility.

And finally, power can be taken off at any point along

the line and utilised for driving machinery.
The principal applications of wire rope-ways have

been already mentioned in the Preface. Of these,

that to the working of mines is one of considerable

importance, and in this connection the advantages
derived from the use of a wire rope -way arranged
to both hoist and convey, for open pit mining such

as described under the head of Wire Rope-Ways for

Hoisting and Conveying cannot be over-estimated.

The superiority of open pit mining is well known, it

saves the great outlay otherwise required for timber-

ing, shaft sinking, pumping, ore breaking, and the

extra cost of blasting, and with an aerial or wire rope-

way, the opening can usually be spanned, and the

waste carried back to a hollow, thus admitting of the

over-burden being delivered directly to its dumping
ground. Where the pit is not deep some method of

working with an incline railway is frequently used,
but no matter how the latter may be laid down, a

certain amount of ore will be covered, and, moreover,
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the tracks will have to be constantly cleared of
material thrown on them by blasting operations. The
cost of loading the railway waggons is besides far

higher than that of the shallow skips or carrier

buckets of an aerial rope-way.
In placer mining, the greatest difficulty experienced

is the handling of the earth deposits in the river beds
and streams, so as to work them to such a depth as to

get at the richest deposits, which lie near the bed rock.

This has been successfully performed by means of an

arrangement of aerial or wire rope-way on the hoisting
and conveying principle, working with special forms

of self-filling grab buckets, or of drag buckets.

Aerial or wire rope-ways have been also advan-

tageously used for stripping coal mines.

Another use to which wire rope-ways can be very

profitably applied is the carriage or removal of

produce from land. The most desirable of these

applications are perhaps those on sugar plantations

for the delivery of the canes to the crushing mills,

and on farms for the carriage of beetroot to the sugar

factories, especially the former, where the low prices,

due to the competition of beet sugar, renders the

adoption of every possible labour-saving contrivance

an absolute necessity.

An important feature connected with the use of

aerial or wire rope-ways for the above purpose, is that

the crops can be removed from the land by their

means without in any way injuring the latter. In the

case of sugar plantations, moreover, the uneven nature

of the ground is frequently such as to render the lay-

ing down of lines of railway from the cane pieces to

the works a matter of great difficulty, if not a total

impossibility, and such lines in any case demand the

erection of a greater or lesser number of bridges, are
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expensive both in first outlay and in maintenance, and

take up and waste a considerable amount of land. On
the other hand, where no railway or tramway is laid

down, the saving effected by the use of an aerial or

wire rope-way as compared with cartage by mules,

horses, and oxen, and the roads and traces and

consequent waste of land, and cost of maintenance,

would be even more marked. In such cases, indeed,

the value of a wire rope-way is very great, and that

this fact is recognised by owners of large estates is

evidenced by the many installations now to be found,

not only in Demerara, where they have been in

successful operation for a number of years past, but

also in Jamaica, where many have inclines as steep as

1 in 3, Mauritius, Martinique, St Kitts, Guatemala,

Australia, and elsewhere.*

In almost every description of factory a short rope-

way or cable-way could be used with advantage, and

installations of wire rope-ways are now in use in

numerous places for connecting the different depart-
ments of factories which are situated at too wide a

distance apart to allow of being spanned by a bridge, or

where the intermediate space is occupied by buildings,

water, roadways, &c., which have to be passed over.

Such cases admit of a considerable saving of expense

being effected by the use ofwire rope-ways, which latter

do away with the necessity of lowering goods from

the upper stories of works to the ground, and the

subsequent removal of these goods by a circuitous

route to, and elevation to a higher level at, their

destination.

In factory lines the ropes can be frequently sup-

ported at many points from brackets fixed to the walls

of adjacent buildings, thus effecting a saving of the
* See pages 128-135.



INTRODUCTORY
5

posts or standards that would otherwise be required ;

and the necessary driving power, moreover, can usually
be obtained from the shafting of the works.

At the present time short cable-ways or wire rope-

ways are in operation at most of the up-to-date print
works, and similar factories, in Lancashire,* also in

dye works, manure works, chemical works, linoleum

works, brick works, mills, and other factories too

numerous to mention.

Wire rope -ways provide both cheap and ad-

vantageous means of forming piers for loading and

discharging minerals, and other materials, from ships
and lighters, which in certain situations are forced by
the shallowness of the water to lie at some distance

from the shore. In the case of a cable-way or wire

rope-way, instead of the long row of piles that would

otherwise be necessary, all that will be required to

connect the shore with a point at deep water to which

the goods can be brought by barges or ships, are a few

posts or standards fixed in the bottom and rising to a

height of about 12 feet above the water, and which

posts may be placed at wide intervals (180 feet or

more) apart, a small group being provided at the deep-
water point to which the terminal can be fixed. The

motion of the wire rope can also be used for driving

cranes at the terminal points, as well as for carrying

loads to or from the shore, thus admitting of the

engine being located in a secure position on the shore

where it may be protected from damage through

storms, and, besides, permitting of the cranes being

run at so high a speed as to enable barges to be safely

discharged when rising and falling from the effects of

a heavy sea.

Numerous installations of this description are in

* See pages 125.
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successful operation, such an arrangement being used

at the end of the wire rope-way at the Cape de Verde

Islands, at Russel, Bay of Islands, New Zealand, &c.,

which installations will, in a succeeding chapter, be

found briefly described and illustrated.

38
*

Different Systems of Aerial or Wire Rope-
Ways.

Wire rope-ways may be conveniently divided into

two main or principal classes, viz., first, that wherein

a running or travelling endless rope supporting and

moving the carriers is employed ; and, secondly, that

wherein a fixed carrying rope and a light running or

travelling hauling rope attached to the carriers by

couplings or grips is used. In the latter case two

fixed carrying ropes are sometimes used.

These two main classes are further subdivided by
W. T. H. Carrington, M.I.C.E., a well-known

authority upon the subject, in his practice into five

different systems or arrangements, viz. : The endless

running rope with the carriers detachably connected

to the rope by means of saddles
;
the endless running

rope with the carriers rigidly fixed in position upon
the rope ;

the double fixed rope type with carriers

mounted on trucks or runners and detachably secured

at predetermined intervals to an endless hauling rope ;

the single fixed rope type with one carrier drawn from

one terminus to the other and vice versa by means
of an endless hauling rope ;

and finally, two fixed

carrying ropes with an endless hauling rope by which

one carrier is drawn in one direction upon one carrying

rope, whilst another carrier is drawn in the opposite
direction upon the other carrying rope.

*
Seepages 112-116.
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When erecting a wire rope-way it is imperative
to carefully select such an arrangement as will be best
suited to the requirements of the situation. The
failures sometimes recorded are generally due to

makers insisting upon an universal application of one

particular type.

The Running or Endless Rope System.

This system, which is by far the most simple, was
invented by C. Hodgson about the year 1868. It is

cap;ible of advantageous application wherever the

amount of material to be carried does not surpass 500

tons per working day of ten hours, and the individual

loads 6 cwt. The inclines, moreover, should not be

steeper than 1 in 3, and the section of the ground
should not necessitate a longer span than 600 feet.

The endless running-rope type of rope-way consists

shortly of an endless wire rope, supported upon a

series of pulleys mounted upon strong posts or stan-

dards located some 200 feet apart, but with occasional

spans of three times that distance, the rope passing at

one end of the line round an arrangement of driving-

gear comprising a 6 or 10 feet diameter drum rotated

by steam or other power at a speed of about three

miles per hour, and at the other end round a similar

wheel or drum provided with tightening gear. The

loads are carried in boxes or receptacles hung on the

rope (by means of V-shaped saddles) at the loading-

end, the arrangement being such as to maintain the

receptacles and their contents in a state of perfect

equilibrium, whilst at the same time admitting of their

passing the supporting pulleys.

But one endless running rope is employed, which,

it will be seen, forms both the carrying and hauling



8 AERIAL OR WIRE ROPE-WAYS

rope for the buckets. This system has been improved
from time to time, both by its original inventor and

also by Hallidie, Carrington, and others
;
but although

apparently so simple, and decidedly the cheapest plan,

its successful working is a matter in many instances

of so much difficulty that it is being to a great extent

superseded by the fixed-rope system. It is still, how-

ever, pretty extensively used in Northern Spain and

America.

The modified arrangement of the running or endless

rope system previously mentioned admits of steeper
inclines being worked, indeed it may be said that no

limit exists to the gradient that can be successfully

negotiated. This type of line is specially suitable

where sudden and continual changes of level occur,

guard or depressing pulleys being easily placed where

requisite without interfering with the passage of the

carriers, so that the vertical angle of the line can be

altered at each support or standard. The driving and

tightening gear and endless rope are arranged practi-

cally as before, but instead of the carrier saddles riding
on the rope and being retained in place by friction,

they are rigidly secured by a steel band or clip, or

other arrangement, so that they are fixed in position
and must follow the rope, passing round the wheels at

the terminals, instead of running on to shunt rails

as in the former case. For this reason the driving
wheel is usually arranged in the form of a special

clip-drum, and the tightening wheel is so formed as

to allow the carriers to pass round it with ease. The
carrier receptacles are as a rule unloaded by striking a
catch so as to either cause the bottom to open or the
whole receptacle to capsize or tip up.

The average cost per ton per mile for transport on
the running or endless rope system, including renewals
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of parts and labour but not fuel, varies from threepence
to fivepence per ton.

The Fixed Carrying-Rope System.

This system was also devised by Hodgson, and

improved by Bleichert, Otto, Carrington, and others.

It comprises one or two fixed ropes and a correspond-
ing number of light hauling ropes. This plan admits
of very wide spans being made without support, and
a valley, river, or ravine of 3,000 feet and upwards
can be negotiated with ease. Wherever a sufficient

fall occurs, and it is required to transport goods or

material from the higher to the lower ground, the

power of gravity due to the loads can be utilised in

the case of a double fixed carrying-rope line to raise

the empty receptacles, and the line worked practically
as a self-acting incline. When, on the contrary, the

loads are required to ascend, or the line is practically

level, or in the case of a single fixed carrying-rope
line, motive power must be provided. A small amount
of this, however, will only be requisite for working a

line on this system, as the rolling load gives rise to

but little friction.

As above mentioned, aerial rope-ways of the fixed-

rope type are subdivisible into three classes. The

first, or that in which two parallel fixed ropes are

used, upon which carriers are arranged to run, and

are drawn along by means of a hauling rope, forms a

desirable arrangement in situations where over 500

tons of material have to be transported per day, and

where the individual loads surpass 6 cwt. The

inclines may exceed 1 in 2, and the spans 1,000 feet.

It may be here mentioned, however, that the

capacity of transport by the former system may be
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indefinitely increased by grouping the lines where

the situation admits of it, an arrangement which

obviously possesses the advantage of practically per-

fect immunity from complete stoppage from break-

down.

Briefly, this type of rope-way consists of two fixed

carrying ropes stretched parallel to each other about

7 feet apart, and supported by posts or standards

located about 300 feet apart, upon suitable saddle

castings. The carrying ropes are anchored at one

of the terminals, and are provided at the other with

some suitable form of tightening gear. The carrier-

travellers or trucks, which are fitted with steel-grooved
wheels to fit the ropes, run upon the latter, the

receptacles being suspended from these travellers by
means of frames or hangers. The carriers are con-o
nected by some suitable form of friction or of locking

grips or couplings to an endless hauling rope operated

by driving gear at one end, and provided with

tightening gear at the other end, the usual rate of

speed being from 4 to 6 miles per hour. On arrival

at a terminal, the grips or couplings are automatically

released, and the carrier-traveller runs upon a shunt

rail.

This type of wire rope-way is economical in wear

and tear, but somewhat expensive in first cost, and is

unsuitable where there are sudden changes in the

vertical angle of the line.

The second type of fixed rope -way, wherein a

single fixed rope and one carrier are used, is the best

suited for situations where only moderate quantities
of materials have to be carried, the individual loads

being heavy, and the spans long, and the inclines

steep.

The arrangement consists of a single fixed carrying
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rope upon which a single carrier is mounted through
its traveller or truck, and is drawn forward and back-

ward by means of an endless hauling rope operated

by suitable reversible driving gear at one end, and

having tightening gear at the other. The fixed

carrying rope is supported on posts or standards

placed at intervals of about 300 feet apart, the hauling

rope being carried on pulleys fitted with guide bars

located in the centre of the standard over which the

carrier passes, the standards being so constructed as

to admit of the carrier passing through them. The
return portion of the hauling rope is carried upon
outside pulleys mounted upon brackets or arms on

the standards. The attachment of the hauling rope
to the carrier head is made by a pendant so shaped
as to admit of its passing under the saddle-transom.

This type of wire rope-way is cheaper in both first

cost and maintenance than that just described, and it

is likewise simpler to erect and to work.

The third type of fixed rope-way, in which two

fixed carrying ropes and two carriers are employed,

the one moving upon one carrying rope whilst the

other moves down upon the other and vice versd, is

applicable where the spans are of extreme lengths,

and the individual loads very heavy.
The two fixed carrying ropes are stretched side by

side as in the other double fixed carrying-rope type

of rope-way, but only two carriers are used, and most

frequently these lines are arranged to operate as self-

acting inclines, the loaded carrier descending and

hauling up the empty carrier, or lighter loaded carrier,

which in turn is loaded and descends. When the

loaded carrier passes up, and the empty or light

carrier descends, power is used. The travelling speed

may be as high as 30 or 40 miles an hour. The
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individual loads may be of 3 tons or more, and spans
of over 3,000 feet can be traversed. A line in the

Pyrenees was constructed and operated successfully

with a span of 4,500 feet between the supports.
This type of line is cheaper than the other arrange-

ment of two parallel fixed carrying ropes, in first cost,

and also in maintenance, and fewer hands are required
to work it. The quantity of material it is capable of

transporting per day is, of course, less, and the speed
of running produces a rapid wear of the rope.



CHAPTER II

DETAILS OF CONSTRUCTION : POSTS OR STANDARDS WIRE ROPES
OR LINES FOR RUNNING-ROPE SYSTEM CARRIER BOXES OR
SADDLES FOR THE RUNNING-ROPE SYSTEM WIRE ROPES OR
LINES FOR THE FIXED CARRYING-ROPE SYSTEM CARRIER

TRUCKS, OR RUNNERS, FOR THE FIXED CARRYING-ROPE
SYSTEM FRICTION GRIPS OR COUPLINGS KNOTS OR CARRIER
COLLARS FOR LOCKING GRIPS OR COUPLINGS PAWL LOCKING
GRIPS OR COUPLINGS CLAW LOCKING GRIPS OR COUPLINGS
CARRIER RECEPTACLES OR VEHICLES MOTIVE POWER.

As in the case of railways or tramways, aerial or wire

rope -ways consist essentially of three all-important

parts, viz., the line or track, which in this case takes

the form of a running or travelling, or of one or more

fixed, wire ropes or cables, in accordance with the

system in use
;
the carriers, vehicles, or cars for the

goods or passengers ;
and finally, of the motive power

for the line.

Posts or Standards.

Whether the line be constructed on the running or

travelling, or fixed carrying-rope or cable system, the

rope or cable must be suitably supported at proper
intervals upon wooden or iron posts or standards.

These posts are usually placed at from 100 feet to

300 feet apart, the exact distance depending of course

upon the configuration of the ground to be passed

over, an accurate survey and section of which should

be always executed. When, however, a gorge, ravine,

narrow valley, or river has to be crossed over, the
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distance between the uprights or supports may be

very considerably increased, and, as has been already

mentioned, spans of 3,000 feet, or, in extreme cases,

even considerably more,^ may be safely resorted to.

The survey for a line of wire-rope way should

in all cases be carefully executed. And it is important
to bear in mind that wherever it is possible the rope-

FIG. i. FIG. 2.

FIGS. 1 and 2. Wooden Posts or Standards.

way should be straight, as each angle will render

necessary the erection of a complete station, thus

increasing both the cost of construction and that of

working. At each point where a post or standard is

to be erected, the depth of solid ground should be

ascertained.

The posts or standards when constructed wholly or

* See page 12.
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mostly of wood may, in the simplest cases, consist of

common round poles or spars forming the legs, and

having top cross-pieces of well-seasoned oak or equi-
valent timber. These legs are stayed near their

lower extremities, and should be let into the ground
for a sufficient distance to ensure the requisite rigidity.

Two simple forms of wooden standards or posts are

illustrated in Figs. 1 and 2.

Upon the upper ends of the posts are cross-pieces
secured in position by iron brackets, and provided
with suitable shoes, saddles, or seats to receive the

carrying wire ropes, two of which are used in both

these instances to form double lines. Lower crossbars

braced to the posts carry rollers, which serve to

support the driving or hauling ropes at such times

as the latter are riot engaged by passing carriers or

vehicles.

Figs. 3 and 4 show in front and side elevation a

simple design of wooden standard with four legs not

to exceed 20 feet in height. The timber required for

a standard of this pattern 20 feet high, according to

American (Leschen's) practice, is as follows : One top

cap, 6 in. by 8 in. by 8 ft. 6 in.
;
one sheave girt, 6 in.

by 6 in. by 7 ft. 7 in.
;
two braces, 4 in. by 6 in.

by 5 ft. 6 in.
;
two posts, 8 in. by 8 in. by 20 ft.

;

two braces, 6 in. by 6 in. by 18 ft.; one sill, 8 in.

by 8 in. by 12 ft. ;
one anchor sill, 6 in. by 8 in.

by 6 ft.

Fig-s. 5 and 6 are similar views of a 40-foot standard,
-

the requisite timber being : Eight pieces, 6m. by G in.

by 22 ft.
;
one piece, 6 in. by 8 in. by 8 ft 6 in.

;

two pieces, 8 in. by 10 in. by 12 ft.
;
three pieces, 6 in.

by 6 in. by 16 ft.
;
two pieces, 4 in. by 6 in. by 12 ft. ;

eight pieces, 2 in. by 8 in. by 14 ft. ; eight pieces,

2 in. by 6 in. by 14 ft.
; eight pieces, 2 in. by 8 in. by
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FIG. 4. FIG. 3.

FIG. 6. FIG. 5.

FIGS. 3 and 4 and FIGS. 5 and 6. Wooden Standards, not to Exceed

20 ft. in Height and 40 ft. in Height.
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12 ft. ; twelve pieces, 2 in. by 6 in. by 12 ft. The side

pieces are in this standard strengthened with iron plates
as shown in the drawing.

The dimensions given above are all in sawed
material, but where poles are procurable along the
route they may be substituted for the latter and the
cost of construction be reduced. Fig. 7 shows a
wooden standard with six legs.

When iron is employed as a material for the sup-

FlG. FIG.

FIGS. 7 and 8. Wooden Standard with Six Legs, and Iron Standard

with Ladder Affording Access to Head.

ports, channel or I-beams, with angle-iron stiffeners,

and channel iron cross-pieces, are usually employed.
Where the loads are heavy and the spans considerable,

the posts or standards should be constructed with

four legs.

The design of these supports, whether constructed

of timber or iron, will vary from those of great sim-

plicity, required for short lines carried at no great

height above the ground level, to structures of com-
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parative complexity in the case of the more important
installations.

One pattern of iron standard fitted with an iron

ladder giving access to the head is shown in Fig. 8.

Another pattern is illustrated in Fig. 9.

FIG. 9. Iron Post or Standard.

Another type consists of wrought-iron pipes con-

nected by ferrules, which can readily be taken to

pieces, and can be adjusted as regards height by
sliding or telescoping the one length of pipe within

the other.

The standards or supports, of whatever form of
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construction they may be, when above 45 or 50 feet

in height, are usually stayed with wire guy ropes as
an additional security. When intended for supporting
running ropes, the seats or saddles are replaced by
sheaves or pulleys.

Descriptions and illustrations of a number of other

posts or standards will be found given later on in the

chapters devoted to the particulars of various installa-

tions that have been erected in different parts of the
world.

Wire Ropes or Lines for Running-Rope
System.

As regards the line or track itself, the character-

istic features of the wire ropes used for this purpose,
in both the above systems, will be found dealt with to

a certain extent in the above-mentioned descriptions
of the various installations on both plans. Inasmuch,

however, as such ropes form a very, if not the most,

important part of aerial or wire rope-ways, being both

the chief wearing parts and those most costly to

renew, a few preliminary general observations upon
the classes of wire rope most suitable for the purpose
in question will be of interest. The methods employed
for the splicing and securing of the ropes, and for

their preservative treatment, will be found dealt with

in the last chapter of the book. Even the briefest

description of the manufacture of wire, a subject

intimately connected with wire ropes, is beyond the

scope of this work, but those desirous of obtaining full

information upon this matter can do so by perusing
a very interesting work by J. Bucknall Smith, C.E.*

For a wire rope-way of the main class first men-

* " Wire : its Manufacture and Uses," by J. Bucknall Smith,

C.E., Offices of Engineering.



20 AERIAL OR WIRE ROPE-WAYS

FIG. 10. Wire Rope, Albert Lay
Appearance when New.

tioned, where a running or travelling endless rope

carrying the buckets or carriers is used, this rope
should preferably be of what is known as the Albert

or Lang* lay, that is, a rope in which the component
wires of the strands, and the strands themselves, are

laid in the same direction.

Figs. 10 and 11 are photographic reproductions

showing a wire rope of this description as it appeared

respectively when new, and after two years' use, on a

wire rope-way on Carrington's system erected between

Badovalle and Ortuella

in Spain. This rope
was put to work at the

beginning of July 1893,

and was kept in con-

tinual use until 20th

July 1895, at which

time it had carried up-
wards of 165,000 tons

of iron ore, the cost for

rope renewal being in

this instance only about

one-fourth of a penny

per ton mile. It was,

however, far from being worn out when removed, as

was proved by the fact that the breaking strain was

even then found to be 27^ tons, against one of 29^<r tons

when new. This was a very remarkable performance,
and bore abundant testimony to the quality of the

* A so-called patent was acquired in this country in the year
1879 by J. Lang for a wire rope constructed on the principle
invented by Professor Albert of Clausthal about the year 1837,
and which at the time of Lang's patent had been in common
use in Germany for over forty years, and had been made public
in England for at least ten years.

FIG. 11. Wire Rope, Albert Lay:

Appearance after Use on Wire

Rope-Way.
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material employed, and the care and skill exerted in

its manufacture by the makers.* It also shows how
desirable it is from an economical point of view to

use only ropes of the very best quality obtainable,

although they may primarily entail a larger outlay.
Both the above and many other practical tests

very conclusively prove that the Albert or Lang lay
is decidedly the most suitable form of construction for

running ropes.
The endless running or travelling rope, which should

be made of special steel, usually passes at one end or

terminal round a suitably arranged driving gear pro-
vided with some convenient tightening device by means
of which the slack and extension of the rope can be

taken up as required, and at the other end or terminal

is carried by a plain cast-iron grooved wheel. The

tightening devices employed are usually similar to

those used on underground haulage installations.

Pulleys or sheaves rotatably mounted upon the posts
or standards serve to support the rope between the

terminals, and the carriers or vehicles are attached to

it at suitable intervals by gripping devices.

It is obvious that the above grooved supporting
sheaves or pulleys may consist of any ordinary and

well-known types mounted in the usual manner. A
number of specially constructed sheaves or pulleys

have, however, been designed.
In one form the supporting sheaves for the endless

travelling rope are constructed with deep flanges to

prevent the rope from being jerked off, and also with

raised or removable treads on which it bears. The

sheaves are so dished that the bearings will be located

beneath the line of the rope. At such points on the

line as are exposed to great pressure, such as the ends

* Messrs Bullivant & Co. Ltd.
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of spans, it is recommended to mount two or more

sheaves on simple or compound balance, or compen-

sating levers, on springs, or on adjustable bearings, so

as to distribute the strains, allow for the varying posi-

tions of the load, and to admit of the rope conforming
to the contour of the ground. It is also suggestedO OO
that the sheaves be mounted in canted or inclined

positions at curves so as to allow of horizontal changes
in direction being made without shunting on to another

section.

It has been proposed to employ double pulleys or

sheaves with a clearance or space between them to

allow of the passage of the hangers. By this means
the advantage of being enabled to hang the loads

directly from the rope would be secured. In practice,

however, it has been found that such an arrangement

presents many difficulties against successful working,
not the least of which being to ensure the passage
of the hangers, which have more or less tendency to

sway laterally, through the narrow clearance, the

amount of which is of course governed by the diameter

of the rope.

Carrier Boxes or Saddles for Running-Rope
System.

The vehicles or receptacles for the conveyance of

goods or passengers, including the means employed
for suspending them from the rope- way, are usually
known by the name of carriers, and in the system of

wire rope-ways under consideration in which an end-

less travelling rope is employed, the method of sup-

porting them upon this endless travelling rope is such

that the carriers are attached to arid will travel with

the rope, from which they are suspended by means
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of suitable frames or hangers, and boxes or saddles,
several different methods being adopted for securing
the latter to the rope, and the slipping of these grip-
ping devices when inefficient forming one of the most
fruitful sources of wear of the wire rope.

In one pattern the box is fixed to the rope, which is

held therein by an abutment and strap, and to this

box is journalled an upper hanger. The lower hanger
carries the loads and is detachably connected to the

upper one, and its lower end enters a V-shaped notch
with a cross-rib in the carrier receptacle or bucket
into which it is guided by a locking device consisting
of a swinging arm. The strap for securing the box or

saddle to the rope is tightened by a screw or by a jib
and cotter, and the box can be placed at any angle
to suit the disposition of the supporting pulleys or

sheaves.

An arrangement of saddle designed by Roe and

Bedlington, has clips which grasp the sides of the

rope, and are tightened by the weight of the carrier

and its contents acting through toggle levers, wedges,
and universal joints or rollers, running on plane,

inclined, or curved surfaces, the slight endwise motion

of the saddle on gradients under the action of the

load causing a further tightening of the jaws to take

place. On passing a supporting sheave or pulley the

clip jaws pass through the sheave groove whilst the

saddle passes above it, and a taper nose attached to

the saddle tends to bring the rope into the centre of

the sheave groove if at all displaced. The saddle is

also provided with two pulleys for supporting it on

shunt rails at the stations, and the jaws of the clip

are sometimes grooved to fit the cable or rope strands

and lined with some suitable material. To prevent

the saddle from tipping endways when ascending a
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steep gradient, the frame, or hanger carrying the

receptacle, is pivoted to the saddle in the horizontal

plane of the centre line of the rope.

Fig. 12 shows one of Carrington's boxes or saddles

specially adapted for steep grades. The portion of

the saddle which rides upon and grips the rope is

fitted with a seating of some pliant material such as

indiarubber, or of an arrangement of wooden or

composition friction pieces or blocks, the latter being
held by some authorities to be the best, as the india-

rubber seatings are liable, in some cases where the

gradients are very steep, to slip in wet weather. For

FIG. 12. Carrier Box, or Saddle, for Steep Gradients.

additional security steel toggles are sometimes placed
at the extremities, but this practice is objectionable

by reason of the great wear and tear to which they

subject the ropes. The external arrangement and

construction of the saddle are sufficiently apparent
from the illustration.

The frame carrying the friction blocks or pieces is

generally made of malleable cast iron, with wings at

each end, which, when the carrier is passing a rope-

supporting pulley, embrace the pulley rim.

Small shunt wheels are mounted upon pins carried

in the frame, as shown, and serve to remove the carrier
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from the rope at the terminals, and at the curves,

where shunt rails are fixed for that purpose.
Another form of saddle has a V-shaped groove,

also lined with indiarubber or other elastic material

at each end, which grooves ride on the rope, and the

indiarubber by engaging with the wires obviates any
tendency to slipping under ordinary conditions. At
the central portion, which is clear of the rope, a pair
of jaws grips the wire-work freely on inclines. To
effect this the load is suspended from a horizontal

transverse shaft on the top of the saddle, and a verti-

cal stud is provided on the former having at its top
a horizontal shuttle-shaped piece placed in the direction

of the rope. The arms of the grip are forked fore and

aft, the prongs rising opposite the pointed end of the

shuttle, which, when the saddle assumes an inclined

position on a gradient, enters between the forked arms

and causes the jaws to grip the rope by reason of the

weight hanging in a vertical direction, and so causing
the shaft to rotate relatively to the saddle.

A type of box or saddle for steep grades is so con-

structed that it is capable, whilst riding on the rope,

of passing through an enlarged groove provided on

the supporting pulleys. The frictional connection to

the rope is in this case usually discarded in favour of

a mechanical device which grips the rope, or, in some

cases, of an arrangement of clip, consisting of a lug

cast on to the frame or to a movable portion of the

latter, and resting between the strands of the rope.*

The Hallidie clip is one which is rather extensively

used, and has been well spoken of. It consists essen-

tially of two parts connected by a pin forming a

hinge joint opening upwards. On the extreme end

* See description of running-rope system on this plan, pages

45-50.
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of the body or main part is a spiral web that enters

the rope. Two prongs on the other end of this body
are drilled to receive the pin, and the piece jointed to

the body by the latter has an arm which forms a

journal, a lip or projection preventing the joint from

working downwards. The spiral web on the body has

five concave corrugations or scores and one convex

corrugation, and is formed to suit the pitch of the

strands of the rope in which it is to be entered, and
also the size of the latter, so that the rope will fit

accurately in the corrugations.
When in place in a six-strand rope the first corru-

gation will receive the heart or core, and the second

and third receive the two outside strands of the rope.
The third of the three bottom strands will lie beneath

the core which is in the first corrugation or score.

The sixth convex corrugation on the upper side of the

web will take the place of the upper half of the core,

and the fourth and fifth corrugations will take one

strand each, whilst the third will lie on the top of the

sixth corrugation. An almost perfectly round rope
is thus, it will be seen, secured at the point of

attachment.

On the inner end of the above-mentioned arm is

cast a solid collar, and a loose collar or washer placed
at the free or outer end and retained in place by a

split pin, forms the journal upon which can be

mounted the carrier or hanger frame.

In work, when passing a sheave or pulley the body
rides on the rim of the sheave, and is raised up as it

travels over it, gradually falling as it passes until the

joint takes its bearing, the shaft or journal remaining
during the movement in a horizontal, or approximately
horizontal, position.

The advantages claimed for this clip are : Owing
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to the clip being hinged and inserted into the rope
without the form of the latter being altered at the

point of insertion, no swelling is produced on the rope,
and the clip can pass over a sheave without jar to the

rope, or throwing the load out of its vertical position,
thus avoiding the detrimental swinging action which
takes place when rigid clips are used. This hinged
arrangement, besides, admits of very deep wide

grooved sheaves or pulleys being used, and the

liability of the rope being jerked out of place is thus

reduced to a minimum. With ordinary clips, on the

contrary, the rims of the sheaves have to be cut down
so that the grooves will not be deeper than half the

diameter of the rope, and consequently the danger
of the latter leaving them is considerable. The clip
can also be very readily attached to the rope, and can

be easily advanced on the latter from time to time,

so as to distribute the wear, and prolong the life of

the rope. It is cheap, and does not require, as is the

case with some forms of clips, to be bent round the

rope whilst hot, thereby affecting the temper of the

latter and frequently considerably reducing its tensile

strength.

Wire Ropes or Lines for the Fixed Carrying-

Rope System.

With respect to the second main class of wire rope-

ways mentioned, that is, those in which a strong fixed

carrying rope forms each of the lines, tracks, or ways
and a light running or travelling rope is employed in

conjunction with it for driving or haulage purposes,

the former should be of stout steel wire, and specially

designed to withstand the strains to which the line or

track will be subjected in working ;
and the latter



28 AERIAL OR WIRE ROPE-WAYS

should preferably consist of fine steel wire, and be

made on the Albert lay, and with a hempen core so

as to ensure the maximum degree of flexibility.

The fixed rope forming the track or line is some-

times solidly anchored at each end, suitable means for

straining or taking up the slack being provided at a

point, or at points, along the line. In other cases it is

anchored at one end only, and strained at the other

end by heavy weights passing over pulleys, a weighted
anchor carriage, or by winding it on a drum, &c.

The posts or standards used in lines on this system
do not differ materially from those employed for the

running or endless rope system, and the wooden and

iron posts or standards shown can be arranged to suit

either the running-rope system or the fixed carrying-

rope system.
The fixed carrying rope is as a rule supported at

the posts or standards in iron saddles, seatings, shoes,

or cradles so formed as to afford no obstruction to the

passage of the grooved wheels of the carrier-travellers

or trucks running on the rope, whilst the light

travelling hauling or driving rope is held up simply

by its attachment at frequent intervals to the carrier

frames or hangers, except where such intervals or

spaces are of considerable extent, in which case the

rope is generally arranged to rest upon rollers rotat-

ably mounted upon arms, brackets, or cross-pieces fixed

to the posts or standards.

The method of supporting the carrying rope is of

considerable importance, as, by reason of variations

in temperature and in the positions of the loaded

carriers, the ropes have a considerable endwise

movement imparted to them, which, if they should

become fixed in their saddles, seatings, or shoes,

would tend to overturn the standards, and in any



ROPES FOR FIXED CARRYING-ROPE SYSTEM 29

case is likely to give rise to a considerable amount
of wear. To overcome this objection the ropes are
sometimes carried on grooved sheaves, but the small
amount of bearing surface afforded by these also

entails excessive wear. More successful methods
are those wherein the blocks or shoes are mounted

upon small rollers and arranged to run upon suitable

races, or what is still better, secured, as in the Obach
and Beer systems, to the ends of pendulum rods or

swinging levers, arranged to move through certain

arcs, but supported against sideway movement by
quadrant-shaped guides.

FIG. 13. Wire Rope-Way End or Terminal. (Bleichert System.)

The terminals and occasionally intermediate points
of divergence on the line, where the latter is con-

structed as is usual in straight sections, have to be

provided with switch rails to enable the carriers to be

transferred or shunted on to another line or track, or

on to the second rope or cable to perform the return

journey.
One end or terminal of a rope-way on Bleichert's

system is illustrated in Fig. 13, from which it will be

seen that the hauling rope passes round the horizontal

pulley, and the track is connected to a rail supported

by suitable brackets. The carriers may be here passed
round to the second or opposite carrying rope for the
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return journey, or they may be shunted on to another

track by the switch rails.

When it is desired to erect portable temporary

junctions at some intermediate points on the line

where it is required to stop or to return the carriers

to the starting point, these junctions are constructed

with a connecting rail somewhat similar to that shown

in Fig. 13, but arranged to dip below the ropes by
means of temporary pulleys, so that they may be out

of the way of carriers crossing over.

At curves the arrangement is such that the carriers

leave the supporting track or carrying rope, and run,

by reason of their momentum, on a connecting rail

in the same manner as at the end or terminus of the

rope-way, having been released from the hauling rope,

by which they are again picked up on resuming their

bearing on the fixed carrying rope. Both the carrying

ropes, and hauling rope, pass round rollers.

Fig. 14 shows an upper terminal for a, double rope
line on the Leschen system with one of the carriers in

position for loading. Fig. 15 illustrates a lower or

delivery terminal on the same system.
The standing ropes at the upper terminal, Fig. 14,

are run through castings and anchored, a track con-

nected to the castings and bolted to the timber work

taking the place of the carrying ropes. On an empty
carrier arriving at the terminal it runs on to the rail

round the terminal wheel to the releasing rod, where

the clip is released from the empty carrier, and passes
on to the loaded carrier to engage the longer of two
levers called the clip lever, the carrier becoming at

the same instant attached to the shorter of these

levers known as the carrier lever. This latter is

fulcrumed to the clip lever in such a manner that the

speed of the carrier decreases gradually until it stops
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FIGS. 14, 15, and 16. Upper and Lower or Delivery Ends or Terminals,
and Dumping Device. (Leschen System.)
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at the loading point. The clip lever and clip mean-

while pass along until the clip comes in contact with a

device for accelerating the carrier, wiiich until then has

been loading, and the latter is gradually moved from

its stationary position until it receives the full speed
of the hauling rope, when the clip becomes locked in

the clip frame and the carrier passes along the line, and

the two levers then return to their original position

ready to receive the next arriving carrier.

The lower terminal shown in Fig. 15 has a similar

arrangement for automatically handling the carriers to

and from the running rope. This terminal is mounted
on sills to admit of its sliding backwards and taking

up the tension on the running rope and so controlling
the latter independently of the carrying rope. In the

illustration an empty carrier is shown ready to go up
the line, and as a loaded carrier is released on its

arrival from the hauling rope at the yoke its speed is

gradually decreased through the series of levers as

described with reference to the upper terminal. The

clip goes on to the accelerator and picks up the empty
carrier which passes round the lower terminal wheel,

the levers return to place, and the loaded carrier stops
at the discharging point.

The timber required for the erection of each of the

above terminals is as follows : Main sills, two pieces,

10 in. by 10 in. by 22 ft.
;

cross sills, three pieces,

10 in. by 10 in. by 16 ft.; top frame, t\vo pieces,

10 in. by 10 in. by 20 ft.
; centre, two pieces, 8 in.

by 8 in. by 20 ft. ;
short posts and headers, one piece,

8 in. by 8 in. by 16 ft.
; posts and back cap, three

pieces, 10 in. by 10 in. by 12 ft.
; headers, one piece,

10 in. by 10 in. by 10 ft.
; headers, one piece, 8 in. by

10 in. by 6 ft.
;
track girts, ten pieces, 4 in. by 6 in.

by 16 ft.
;
500 ft. of 1-in. boards.
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Fig. 16 shows in end view the Leschen dumping
device which when in action makes one revolution of

the terminal shaft and stands at rest until again
thrown into action. During this revolution the

dumping rods are operated and coming in contact with

a pin on the bottom of the carrier tip up the latter and

entirely spill the contents. No violent action takes

place, the dumping rod being merely pulled up and let

down. The clip passing from one carrier to the next

is guided by the slot rail shown so as to ensure its

being in its proper place to strike the accelerator.

In the Leschen system there are always two

stationary carriers, one at the upper terminal ready
to load or loaded, and one at the lower terminal

dumped or ready to be dumped.

Amongst the various other plans that have been

adopted or suggested for the arrangement of the rope-

way the following may be mentioned : Connecting the

carrying rope by ties at fixed intervals to another rope

suspended from posts or supports consisting alter-

nately of one of considerably greater height, so as to

form, as it were, a flexible girder. In the case of

double lines stretchers or crossheads being provided to

maintain the ropes parallel, and to enable loads to be

suspended when desired from both lines. The carrier

supports and carriers need not in this case differ from

those ordinarily employed.

Supporting the weight of the carriers by means of

several wires so arranged that the tension of the wires

will be independent of the load. These wires are

fixed at one end or terminus, and are passed over

grooved pulleys at the other end or terminus, and

connected to heavy weights. The driving, propelling,

or hauling ropes are arranged side by side with the

above, one end of each being attached to the carrier,

3
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passed around pulleys, and back to the other end of

the carrier, and there secured. The hauling or driving-

rope is driven by a suitable pulley, which latter is

rotated by an engine located at the rear of the casing

carrying the supporting pulleys, and provided with

guides for the suspension tension weights. These

latter consist of two side plates carrying between them

at the top a loose pulley, and having supports fou

removable bars forming the adjustable part of the

weight.
In another arrangement of rope-way suggested by

Hodgson, a rope was to be laid parallel to the bearing
or carrying rope, which second rope was to be capable
of taking a strain similar to that thrown by the loads

upon the bearing or carrying rope, and was to be

clamped by a clip formed with spiral grooves corre-

sponding to the lay of the rope, to the supports of the

main carrying rope. The main carrying rope was to be

first laid with a sag so as not to overstrain it, and

then the second sustaining or carrying rope strained

whilst unloaded to its maximum strain.

Many plans have been proposed for enabling curves

to be rounded at angles instead of shunting the carrier

on to a rail, and thence to another rope-way or section,

diverging in a straight line from the first. In one

arrangement the bearing or carrying rope is replaced at

the curves by rails, and the traction or hauling rope
is guided by pulleys supported in a rail on which

run wheels on the vehicle suspending or carrier

frame, and rope-gripping apparatus. The track is

supported by two crossed poles with inclined struts,

the poles being held where they cross by a bolt and a

double channel section. The traction or hauling rope

may be run at the terminal station round a horizontal

pulley with a flange, against which the above-men-
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tioned wheels engage. The bearing or carrying rope
and traction or hauling rope pulleys, &c., are supported
on brackets on the cross-pieces, which brackets, near

the terminals, are mounted on slides vertically adjust-
able by screws, or other means, so as to enable the

required incline to be obtained.

Carrier Trucks, or Runners, for the Fixed

Carrying-Rope System.

The carrier receptacles in this system are suspended
from what are called indifferently trucks, travellers,

runners, or saddles, the ordinary form of which consists

mainly of two grooved wheels or rollers rotatably
mounted in a suitable frame. Of the several special

arrangements that are also made, the best forms are

those having the spindles or axles of the grooved
wheels supported in bearings at both ends, instead of

being arranged overhanging and supported at one end

only, as is sometimes the case.

The spindles or axles in some of the best types are

also formed hollow so as to provide reservoirs adapted
to contain a charge of lubricant, and they are perforated
with small radial holes to allow the escape of the

lubricant into the journal, by which means the travellers

or saddles are enabled to run for a lengthened period
without attention, and the spindles and bosses of the

grooved wheels caused to last for many years. The

oil or other lubricant can be inserted into the hollow

spindles by the removal of screw plugs.

In the ordinary form of saddle with overhanging

spindle the wheels become skewed, atwist, or out of

line, and consequently the carriers do not hang verti-

cally. Considerable trouble is also generally ex-

perienced in keeping them properly lubricated.
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Fig. 17 illustrates in sectional plan and elevation a

truck or runner having a frame and spindles of the

above-mentioned improved description. The frame is

composed of two steel plates having a central cast-iron

distance piece throughwhich the hanger or frame spindle

passes. The grooved wheel spindles or axles are of

phosphor bronze hollowed out or recessed to contain

oil or other lubricant, as shown, and also arranged to

|FiG. 17. Carrier Truck or Runner. Sectional Plan and Elevation.

form end distance pieces between the side plates of the

frame. The hanger spindle can be oiled through a

hole in the distance piece, and the carrier frame or

hanger passes through the latter, the frame being sus-

pended from the centre, but on one side of the truck

or runner, and swinging on the spindle. Fig. 18 is a

perspective view showing a truck of slightly different

pattern in position upon the fixed wire rope-way.
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To admit of the loads being suspended directly
from the carrying rope a form of truck or runner

having double wheels or rollers, with a space or clear-
ance between them, has been proposed. Through this
clearance the connections by means of which the rope
is suspended or supported will pass, the amount of the
clearance obtainable being of course dependent upon
the diameter of the rope.

Amongst the very numerous other trucks or

FIG. 18. Carrier Truck or Runner. Perspective View.

runners that have been designed, one has grooved
wheels or pulleys mounted in a frame from which the

receptacle is carried by a hanger and rods, and on the

other side of which is another pivoted rod which takes

on to a stud on a second rod, a third pivoted rod

taking on to a stud on the first rod. The office of

this latter rod is to prevent the truck or runner

accidentally leaving the rope, and to admit of its

passing the supports on the posts or standards, fixed

inclines being there provided to knock the rods out of
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the way at these points. Another has provision made
for preventing its being jerked from, or otherwise

getting off the carrying rope, consisting of a saddle

framing fitted with two or more rotatably mounted

grooved wheels or pulleys intended to run upon the

fixed carrying rope, and one or more similarly grooved
wheels or pulleys mounted in a like manner, and

adapted to engage with the under side of the rope,
so as to prevent the possibility of any accident arising

through the above-mentioned cause. The frame of

this saddle is also formed fender-shaped at each end in

order to remove any obstructions, such as branches,
from the carrying rope.

In practice additional safety arrangements for

preventing the trucks or runners from leaving the

carrying rope are found to be unnecessary on lines

working under ordinary conditions.

A number of so-called safety suspension devices or

trucks have been likewise devised, the general idea in

all of them being to provide some form of clutch which
will act automatically to grip the rope-way should the

driving or hauling rope break.

In one form, upon the accidental breakage of the

hauling rope, a bridle to which the latter is attached

will fall and release detents, thereby allowing of

springs coming into action by which gripping rods,

jointed in a manner practically similar to a parallel

ruler, are caused to grip the rope-way through links

and levers. A pusher piece is forced by a suitable

stop to shoot 'beneath a snug on the bridle, and pre-
vent its falling, and the clutch from coming into action

at the termination of the travel or journey.
Another type of carriage or truck, in addition to a

safety clutch device, has suitable mechanism by means
of which the carrier receptacle can be lowered at one
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of the termini. This arrangement is intended especially
for hoisting and conveying coal and other materials
from mines, vessels, &c.

There are numerous other patterns of trucks or
runners which space does not admit of even briefly

describing here, but a few of which will be found
noticed and illustrated in the descriptions of instal-

lations that are given in succeeding chapters as

examples of lines that have been erected and are

working in various parts of the world.

Friction Grips or Couplings.

To attach the carriers to the hauling rope some
kind of clip, coupling, or grip is required, and if regu-

larity and uniformity of working is to be attained,
this device must be both simple in construction, cer-

tain in its action, and calculated to produce as little

wear of the rope as possible. Indeed it has been the

experience of most engineers, with regard to wire rope-

ways, that the slipping of the clips on the carrying

rope in the one system and on the hauling rope in the

other, is one of the chief causes of their deterioration.

The couplings or grips in general use are either of

the friction or of the locking types.

Figs. 19 and 20 show in elevation and in vertical

section a form of grip or coupling of the first-mentioned

class, which consists, as will be seen from the illustra-

tion, of two smooth-faced discs, one firmly attached to

the crossbar of the carrier frame or hanger, and the

other rotatably mounted upon a spindle, and capable of

acting as a carrier or support for the driving or haul-

ing rope. The discs are normally retained apart by a

spring, arid to bring them together and grip the rope
the spindle is provided with a square screw thread at
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its outer end, upon which the correspondingly internally

screw-threaded boss of a lever is adapted to engage, so

that when the latter is raised the loose disc will be

moved towards the fixed one, and the rope be tightly

clamped or gripped between their adjacent faces, the

lever being retained in its raised position by means of

a spring catch or trigger. This latter arrangement
admits of the grip or coupling being automatically
thrown out of action by a stop or wiper encountering

FIGS. 19 and 20. Disc Friction Grip or Coupling. Elevation and
Vertical Section.

the lever and catch, and the driving rope released, on

approaching a station, when the carrier can be switched

off the carrying rope on to a siding, as has been

already described.

The Bleichert grip or coupling is said to be suitable

for gradients up to 1 in 6, and for loads weighing up
to 9 cwt. net. An advantage of no inconsiderable

value, possessed by this coupling, is the ease with which
it can be adapted to receive ropes of different dimen-

sions, and to allow for the wear of the rope.
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Where steeper gradients have to be surmounted,
such as those up to say 1 in 3, a friction grip or

coupling with corrugated jaws, one of which is rigid,
and the other movable to and from the rope by means
of a lever and cam, should be used, or some other

more powerful form of grip than that fitted with
the smooth-faced discs, as above described and
illustrated.

Two forms of clips, couplings, or grips have been

designed, which are constructed shortly as follows :

In the first a right and left handed screw-threaded

spindle is employed. The thread engaging in the

outer or first movable jaw is of a fast pitch, and,

when rotated, rapidly advances the jaw against the

rope and then becomes disconnected, after which the

closing of the jaws is completed by the fine thread,

which engages with, and acts upon the second movable

jaw. A casing is provided for excluding dirt, and a

lever is attached to the screw-threaded spindle which

can be acted on by fixed inclines or stops at the

stations so as to automatically operate the coupling
or grip.

The second arrangement consists of a toggle me-

chanism for operating the jaws, and the grip is held

closed by a pawl engaging a sector fixed on one of

the jaws, and is kept normally open by a spring
between the jaws.
Both of the above clips are provided with guide-

rollers intended to bear upon the hauling or driving

rope, and have their jaws fitted with liners to facilitate

repair when worn.

In a form of coupling or grip designed by the same

inventor, whose disc grip has been already briefly

described and illustrated, an eccentric quadrant is

caused to bear against the rope by a cam operated by
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an arm controlled by suitable projections provided on

the line.

Another grip or clip invented by Roe and Bedlington
has the jaws so mounted that they will be closed by
a movement perpendicular to the direction of the cable

or rope, and will be then automatically tightened by
the pull of the latter. The above purpose is effected

by various arrangements, such as ball-jointed jaws
with eccentric faces, straight-faced jaws working on

eccentric bearings, one jaw jointed to a plain or

segmental toggle lever, and the other supported by
eccentric rollers, and by other dispositions of toggle
levers. Apparatus is also provided for entering the

cable or rope between the jaws, applying the initial

pressure, and locking the jaws.
It has been also proposed to use a rope clip or

grip in which the hanger is given a vertical movement
in the supporting trolley or saddle, which latter is

arranged to carry an upper gripping block, and to

actuate a lower gripping block pivoted on the trolley

through a link. A pulley running on a fixed rail

raises the hanger above the ordinary carrying rope at

the termini, so as to free the grip from the driving or

hauling rope.
Whatever the type of friction grip or coupling,

however, that may be employed, provided it be effi-

cient in action, certain specific advantages will be de-

rived from its use. Amongst these the most important
are that, owing to the carriers being attachable to the

rope at any point, the wear of the rope is rendered

more uniform throughout its entire length ; and,

furthermore, as the carriers can be, as above men-

tioned, attached to the hauling or driving rope at any
point, the carrying capacity of the line may be easily
increased or decreased at pleasure, by simply placing
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the carriers closer together, or farther apart, in accord-

ance with whether the former or latter alteration be
desired.

This is, indeed, a far more desirable way of effect-

ing the above object than that of varying the travelling

speed of the hauling rope from that found to be the

most advantageous rate at which to work any particular
installation of wire rope-way, and more particularly is

this the case when the alteration entails an increase

of velocity.

As an example of the small amount of wear caused

to the rope by the use of disc friction grips or coup-

lings, it may be here mentioned that on the Fernie

wire rope-way at Giesen, where such grips or coup-

lings were in use, the hauling or driving rope supplied
when the line was erected in 1879 was stated to have

still been in good condition and in regular work in

1891.

Figs. 21 and 22 illustrate in plan and section a

friction coupling used by Ceretti and Tanfani on their

rope-ways. The hauling rope is gripped by two jaws

opened and closed by a screw and a toothed collar. A
counterweighted lever, turning through the third of a

circle, operates the device. One of the jaws is im-

movable, whilst the other has two successive move-

ments in the same direction, the first, a quick motion,

being caused by the inclined surface on a collar operat-

ing against another on the movable jaw, and the second,

a slow movement which effects the gradual gripping

of the hauling rope, being effected by the screw thread.

The turning of the counterweighted lever in the

opposite direction assisted by the spiral spring shown

in the illustrations causes the opening of the grip. To

render the coupling and uncoupling of the grip auto-

matic, angle irons forming inclined planes are provided
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at the terminals to act on the counterweighted lever.

This coupling is adapted for gradients up to 1 in 3.

Fins. 21 and 22. Friction Grip or Coupling. (Ceretti and Tanfani's System.)
Plan and Sectional Views.

Figs. 23, 24, and 25 show side elevation, cross

section, and detail views of another coupling act-
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ing on the same principle, which has been^success-
fully employed by the above firm. In this case the

grip is produced by the weight of the carrier itself

acting on the jaws through a wedge having inclined

surfaces, and arranged to slide within the frame. A
roller mounting special rails at the termini, causes the

FIGS. 23, 24, and 25. Friction Grip or Coupling. (Ceretti and Tanfani's

System.) Side Elevation, Cross Section, and Detail Views.

Amongst thewedge piece to rise and release the jaws,

advantages claimed for this device are the following :

It is simple and inexpensive. The coupling and

uncoupling are automatic, and there is a minimum of

shock. The amount of grip can be easily changed by

varying the angle of the inclines on the wedge piece.

When the coupling is closed the gripping strain



46 AERIAL OR WIRE ROPE-WAYS

remains constant for the whole of the run, no matter

what the gradient. The device can be used to grip

ropes of different dimensions without any special

adjustment, thus admitting of hauling ropes of vary-

ing sizes being used on the same installation.

Knots or Carrier Collars for Locking Grips
or Couplings.

When a line of wire rope-way has gradients steeper
than 1 in 3, a lock grip or coupling of some efficient

PM ON C

FIGS. 2(3, 27, and 28. Star Knot or Carrier Collar for Use with Locking
Grips or Couplings. Elevation, Longitudinal and Cross Sections.

description must be employed. There are many
patterns of this type of grip and of the necessary

knots, carrier collars, or swellings in the rope by
means of which the fastening is completed.
With respect to the latter, that known as the Star

knot is perhaps about the best. This device, which is

illustrated in Figs. 26, 27, and 28 in elevation and in

longitudinal and cross sections, consists of a spirally

grooved cylinder having a diameter slightly larger
than that of the driving or hauling rope to which it

is to be fixed. Into these spiral grooves the strands

of the rope, which must be untwisted for the purpose,
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are inserted in the manner shown in the illustrations,
so that the ribs of the cylinder will project to a
sufficient extent to afford a hold for the grip pawls, or

for the claws of the coupling.
To ensure additional security, a couple of yards

of the hemp core of the rope are besides removed, and
a steel wire strand is passed through the cylinder, and
fixed by wedges x, y, as shown in the longitudinal
section, the steel wire strand being then put in place
of the hemp core that has been removed, and the rope
twisted up again, when
the knot and strand

will be found capable of

resisting all the strains

to which they are likely
to be subjected whilst

in work.

A pattern of knot

or carrier collar, which

is also capable of with-

standing heavy strains,

is illustrated in plan
and in longitudinal and

cross sections in Figs.

29, 30, 31, and 32. It

consists essentially of two pieces which are held to-

gether by joints, and bolts or pins, or by means of

ordinary hinge joints, and is of a cylindrical form

when closed. This construction enables the carrier

collar to be attached at any part of the endless

rope after a suitable filling piece has been inserted

between the strands of the rope to form a swelling.

This filling piece is made with radial projections,

and with spiral grooves, corresponding to the strands

of wire forming the rope, and is turned on the outside

FIGS. 29, 30, 31, and 32. Otto Knot or

Carrier Collar for Use with Locking
Grips or Couplings. Plan, Longi-
tudinal and Cross Sections.
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to exactly fit the recess in the outer cylindrical casing
of the carrier collar.

The attachment of the carrier collar to the hauling

rope is made by untwisting a sufficient length of the

rope and removing the hempen core or interior for

a length equal to the length of the filling piece, which

latter is then inserted. The two halves of the carrier

collar are then placed over the whole and secured

together by means of the joints and the bolts or pins.

The radial projections of the filling piece bear against
the inner surface of the carrier collar and thus prevent
it from being displaced. To ensure greater security
and to prevent any movement of the filling piece in

the rope, white metal

or other suitable alloy
or composition may be

run into the clearance

spaces. Elastic rings
formed in haives y

tudinai and Cross Sections. be placed at the ends

of the filling piece to

cushion the force of any violent impact, and ensure

its being gently transmitted to the rope, thereby pre-

venting serious injury being caused to the latter by
the gripper striking against any one of the carrier

collars.

Figs. 33 and 34 show in longitudinal and cross

section a slightly different arrangement of the above-

described carrier collar. In this case the carrier

collar is divided transversely to form two parts,

provided respectively with male and female screw

threads, and holes for the reception of a bar or lever

by means of which they can be rotated to admit of

their being screwed together and thus firmly united.

A filling-piece spirally grooved to take the strands
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is also fitted inside the rope to form an even en-

largement or swelling which will be firmly gripped
between the two parts of the collar, when the latter
are screwed together. In this manner the carrier
collar can be secured to the rope without the aid of

any alloy, composition, or cement. When, however,
a very considerable amount of strain has to be sus-

tained by the collars owing to the work demanded of
them being of an exceptionally heavy nature, or from
other causes, such

alloy, composition, or

cement may be em-

ployed as an addi-

tional safeguard as in

the case of the pre-

viously described
carrier collar.

Bleichert forms

the requisite knots or

swellings upon the

driving rope by the

use of a drum or

thimble such as that

shown in Fig. 35,

which is attached to

the rope by a lining

FIG. 35. Bleichert Knot or Carrier Collar

for Use with Locking Grips or Couplings.

J- t/ C7

of tin composition in the following manner : A por-
tion of the rope is untwisted to a certain extent, and

after cutting away a certain amount of the hemp
centre or core this portion of the rope is well tinned.

The drum or thimble is then placed in position upon
the tinned part of the rope, as shown in the drawing,
and a taper pin is driven through holes in the drum
or thimble, and through the rope, when, the ends

having been closed by means of the split packing rings
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shown, and the taper pin having been withdrawn,

melted tin composition or alloy is poured through
the holes, and the space left by the withdrawal of

the pin, &c., is filled up.

Pawl Locking Grips or Couplings.

An excellent and simple form of pawl grip or

coupling is shown in side elevation, plan, and vertical

FIGS. 36, 37, and 38. Pawl Locking Grip or Coupling. Elevation, Plan,

and Vertical Section.

section in Figs. 36, 37, and 38. It will be seen from

the drawing that this grip consists essentially of two

corresponding and similarly mounted pawls, each mov-

able in a vertical plane, and having a forked end

adapted to engage on each side of the knot, the

amount of fall or drop, of which the pawls are capable,

being limited by a stop, and the hauling or driving
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rope resting on a grooved roller located immediately
below, and centrally between the pawls. Pins or

projections upon arms on these pawls (see the plan
view and vertical section) engage with a guide rail

fixed at each of the stations, and serve to throw the

pawls out of gear, and disengage the hauling rope.
The apparatus is attached to a crosspiece of the

suspension frame, as shown in the illustrations, and
is equally suitable for right or left-handed wire rope-
ways.

FIGS. 39, 40, and 41. Arrangement for Automatically Connecting and

Disconnecting Pawl Grip. Plan, Side, and End Elevation.

This pawl grip admits not only the connecting of,

but also the disconnecting of, the hauling rope to be

performed automatically. The arrangement for this

purpose is shown in plan, side, and end elevation in

Figs. 39, 40, and 41, from which it will be seen that

releasing rails are employed, which rails are fixed at

the different stations. These rails raise both pawls

(which fit over the rope like a fork) by coming into

contact with pins, or projections on them, and they are

arranged in a similar manner for the arriving as for
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the departing carriers. The rails are located on one

side of the apparatus and commence about a yard
before the point at which the switch rail is inclined or

tapered toward the carrying rope, and they are placed

parallel to the switch rail. The height of the releasing
rail corresponds with the position of the pawls when
out of gear with the hauling rope, and they are

preferably bent downwards at either end to ensure

their getting under the above-mentioned pins, and

gradually lifting the pawls as one of the carriers

approaches. This releasing or disengaging action

takes place only when the approaching carrier has

arrived on the switch rail, by which means the pushing
of the carrier on to the latter by hand is dispensed
with. It is, however, necessary to push the departing
carriers off the switch rail on to the carrying rope,
but before the carrier approaches the hauling rope,
the pawl will already have been lifted by the releasing

rail, and this rope, which is in motion, can rest on the

roller which is free to revolve, and on pushing the

carrier runner or trolley further on the carrying rope,
the pawls will drop. To more certainly ensure the

engagement of the pawls with the hauling rope,

springs may in some cases be employed.
In operation the carrier having been moved along

the switch rail to the carrying rope, and the pawls

having been thrown out of gear, as above described,
so as to allow of the hauling rope being guided and

placed upon the grooved roller rotatably mounted on
the grip, the pins or projections are released from the

guide rails, and the pawls fall into their operative

positions. An approaching collar, knot, or enlarge-
ment on the hauling rope moves along the inclined

surfaces on the pawls, and after raising and passing
the first pawl moves into the space between the bolt
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and roller, and is gripped by the second one, any
further forward movement thereof being thereby

prevented. The first pawl then falls behind the

collar, and the carrier is moved forward and is hauled

to the following station, or the next releasing rail.

An alarm or signal bell is usually arranged to

sound on the approach of one of the knots, so that

the operator may push oft* and give a certain amount
of impetus to the carrier, and thus prevent an exces-

sive shock from occurring between the approaching knot

and the grip. The uncoupling is effected by the pins
or projections engaging, as before mentioned, with a

guide rail, and raising the locking pawls out of gear,
thus allowing the knot to escape, and releasing the

carrier, which moves off the carrying rope by reason

of its momentum, a tongued rail being usually pro-
vided for switching it into a siding.

Loads of more than a ton can, it is said, be carried

with safety upon mountain lines up gradients as steep
as 1 in 1 by means of these automatic pawl locking

couplings or grips.

An arrangement has also been used wherein the

hauling rope is held by the pressure resulting from

wedge pieces acting on inclined surfaces, which is

claimed to have given better results in the working
of the rope.

Claw Locking Grips or Couplings.

A claw locking grip designed by Bleichert is shown

in Fig. 42. The driving rope is supported upon a

grooved wheel or roller, and two forked bolts em-

brace the knot or carrying collar on the driving or

hauling rope, one from each side, that on the side from

which the rope moves or travels being normally held
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in position by a spring, but having an inclined face

presented to an approaching knot, so that it will be

lifted by the latter, and will then instantly drop, and

thus confine the knot or collar between it and the

second fork, which latter is fixed. These forked bolts

are attached to a casting or block which slides verti-

cally in guides in the framing, and is held in position

by a suitable spring bolt. A projecting inclined face,

placed before the intended stopping point of the

carrier, engages with the point of

a hook piece, slightly lifting it,

and thereby depressing the spring
bolt through the medium of an

arm and another bolt (as shown
in the drawing) ;

on further lifting

the hook the block carrying the

forked bolts will be raised, and

with it the two forks, so as to

release the knot or carrier. The

spring bolt, which during this

time is between two projections,

may be disengaged by a piston,
or plunger, and the whole of

the sliding block or part be

withdrawn vertically or again
lowered.

Figs. 43 and 44 show two sectional views of a

claw grip or coupling which is also said to be very

advantageous for use on steep gradients. To the

crossbar of each of the suspension frames or hangers
of the carriers, a suitable casting or frame is firmly

attached, in which a roller rotatably mounted upon
a spindle is designed to act as a guide and support for

the driving rope, when the bucket or other receptacle
is uncoupled. In this roller is a recess or chamber for

FIG. 42. Claw Locking

Grip or Coupling.



CLAW LOCKING GRIPS OR COUPLINGS 55

oil or other lubricant, which latter is retained in the
same by a screw plug, and passes on to the spindle as

required through a hole or oil-way; another screw

plug, by removing which the oil-way can be cleaned
out when necessary, is also provided. A spring which

engages with ratchet teeth upon the head of the first-

FIGS. 43 and 44. Claw Locking Grip or Coupling for Steep Gradients.

Longitudinal and Cross Section.

mentioned screw plug prevents it from shaking loose

and leaving the recess. Above the roller is a cross-

head supported upon springs, so that it may be moved

vertically in guides formed on the frame, and having
attached to its lower side a forked gripper and a

sleeve, which latter carries another gripper which is

constantly pressed by means of a spring against an



56 AERIAL OR WIRE ROPE-WAYS

inwardly projecting rim or flange at the lower end of

the sleeve. An eccentric either attached to or form-

ing part of a spindle carried in suitable bearings in the

casting or frame above the crosshead, and having a

projecting extremity upon which is fixed an arm or

lever, is also provided, and a stop upon a cover, secured

to the casting or frame, which stop serves to limit the

movement of the arm or lever.

To couple or connect a truck to the hauling rope

(which is kept constantly in motion), the rope must
be first placed on the roller, and the crosshead lowered

by turning the eccentric by means of its lever, so that

the grippers will be caused to engage with the rope,

the springs being at the same time compressed.
Carrier collars or knots are fixed at suitable intervals

upon the hauling rope, and on one of these carrier

collars approaching the gripping apparatus it presses

against the inclined surface on the gripper carried by
the sleeve, thus lifting and passing the latter, and

striking against the other or second gripper. As soon

as the carrier collar has passed the first gripper, the

latter will be forced down by its spring, and the

coupling operation completed, the whole apparatus,

together with the suspension frame and carrier

attached to it, travelling forward with the hauling

rope.

To stop the carrier at any desired point or part of

the line the grippers must be released, and this is

automatically effected, on arriving at the point at

which the stoppage is to take place, by means of a

fixed plate against which the eccentric lever strikes,

and by which it is forced back so as to turn the

eccentric and permit the springs to act and raise the

crosshead, and with it the grippers, sufficiently high
to allow the driving rope and the carrier collar or
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knot to pass freely between the grippers and the
roller.

Carrier Receptacles or Vehicles.

The carrier receptacles, whether for goods or pas-

sengers, which are suspended from the trucks or

runners by means of frames or hangers, are of various

patterns.

Goods Carriers.

Those intended for materials and goods are of

course made in a large number of different forms and

Fio. 45. Fixed Cylindrical

Receptacle or Bucket with

Hinged Opening Bottom.

FIG. 46. Tilting or Tipping

Cylindrical Receptacle or

Bucket.

sizes, being usually, indeed, specially designed to meet
the requirements of the material or goods to be

transported, and of the particular installation. Under
these circumstances it would be obviously impossible
to do more than briefly describe a small selection of

carrier receptacles of the descriptions most generally

employed.
To commence with carrier receptacles for minerals,
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which are the materials, perhaps, the most largely

transported on wire rope-ways, Figs. 45, 46, and 47

illustrate three forms of receptacles, skips, or buckets

employed for this purpose. Those shown in Figs. 45

FIG. 47. ^Sheet-iron Tilting or Tipping Rectangular Receptacle or Bucket.

and 46 are respectively a fixed cylindrical bucket with

hinged opening bottom, and a tilting or tipping cylin-
drical bucket, both of which types are, with certain

modifications of shape and size, very frequently em-
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ployed. Fig. 47 illustrates a sheet-iron
tilting or

tipping rectangular bucket, fitted with special tipping
arrangements as shown in the drawing.

Fig. 48 shows a produce carrier receptacle, which
consists simply of an ordinary basket, the shape and
dimensions of which may of course be varied to a
considerable extent according to circumstances. This

receptacle is suitable for the transportation of farm and
garden produce, manure, coke, &c.

Figs. 49 and 50 illustrate two arrangements for

carrying sacks of flour, coal, &c. That shown in Fig.
49, which is made in the form of a cradle, and is

FIG. 48.

Produce Carrier

Receptacle.

FIG. 49.

Cradle Sack

Carrier.

FIG. 50.

Sling Sack Carrier.

adapted to support the sack in a vertical position, is

a pattern employed to a large extent at coaling stations

for the purpose of supplying passing steamers with

fuel, in which cases it is usual to sell the coal by the

sack as a ready method of estimating the quantity

supplied. The carrier arrangement shown in Fig. 50 is

one of the ordinary sling type.

Fig. 5 1 shows a carrier receptacle intended for the

conveyance of textile goods, and is a sample of a type
much used on aerial or wire rope-way installations

erected at textile factories in the Manchester district

and elsewhere. The closed box-shaped receptacle
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illustrated admits of this class of goods being carried

from place to place without any danger of their being

injured by exposure to the weather.

Fig. 52 and Figs. 53 and 54 show two arrange-

FIG. 51.

Textile Goods Carrier

Receptacle.

FIG. 52.

Sling Cask Carrier.

FIGS. 53 and 54.

Gunpowder Cask Carrier.

ments commonly used for carrying casks. That shown
in Fig. 52 is the form of sling usually employed for

casks containing cement, petroleum, wine, beer, &c.

That shown in side and end elevation in Figs. 53 and

1
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ing house, which is usually situated at a distance of
about a quarter of a mile from the former. These

FIG. 58. Sling Wood Carrier. Fin. 59. Carrier for Trans-

porting Cannon.

cask carriers are either made of gun-metal or of

galvanised iron.

Figs. 60 and 61. Sugar Cane Carrier.

Fig. 55 is a liquid carrier. Fig. 56 is a carrier for

either timber or bales. Fig. 57 is a platform carrier.

Fig. 58 is a sling wood carrier.

Fig. 59 is a carrier intended for

transporting cannon. Figs. 60

and 61 show in side and front

elevation a device for carrying

sugar cane. The cane stalks are

placed, as depicted in the front

elevation, in a double hook,

forming a species of cradle, the

capacity of which will of course

vary according to circumstances,
FIG. 62. Sugar-Bag

Carrier.
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the loads ranging from 1 to 4 cwt. The cradles are

usually so constructed as to discharge their load upon
the striking of a catch.

Sometimes the space between the arms of the

hooks is filled up with wire netting so as to prevent

any short lengths of cane from falling through. Fig.
62 is a sugar-bag carrier of the type commonly used

in usines and sugar refineries.

FIG. 63. Passenger Carrier for Running-Rope System.

Passenger Carriers.

The following are two carriers for passengers, con-

structed by Bullivant & Co. Ltd., which form typical
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examples of those commonly employed on wire rope-
ways. Fig. 63 is a light passenger carrier for the

running -rope system, capable of transporting two
persons seated face to face as shown in the illustration.

FIG. 04. Passenger Carrier for Fixed-Rope System.

Fig. 64 is a carrier for passengers, capable of

accommodating ten persons, intended for use on the

fixed-rope system.
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Motive Power.

The motive power for use in connection with wire

rope-ways may be derived in some cases, where the

working conditions permit of this arrangement being
used, from the force of gravity developed by the

descending loaded carriers. In other instances water,

steam, animal, or other power may be employed, and,

in the case of lines on the fixed carrying-rope system
more especially, electricity may in some cases be

advantageously utilised as a motive power, what is

known as telpherage being the most preferable

arrangement to adopt.
The most suitable type of motive power and the

best method of applying the power to drive the line

are naturally to a great extent governed by the special
features of each particular installation. Some plans
of driving that have been used will be found briefly

described in the accounts given in subsequent chapters
of the various typical installations that have been

erected at different parts of the world, and a descrip-
tion of the telpher system will be found in the next

chapter.

One arrangement for driving endless wire ropes
that was patented a considerable number of years ago,
consists in an arrangement of two pulleys loosely
mounted on the driving shaft and driven by bevel or

mitre gearing. Two independent pulleys are also

mounted on another shaft, and a pulley on a tension

carriage. The wire rope is wound round the driving

pulleys and the independent guide pulleys alternately,
after which it passes round the pulley on the tension

carriage and to line.

In a special form of grooved driving drum, around

which the rope or cable is wound, the grooves are
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formed in independently rotatable rings, which latter
are preferably made of wrought iron or steel. The
first ring is fixed to the flange of the drum by bolts,
and the others are kept in place by a movable flange
or plate bolted to the rim of the drum. In another
modified arrangement of the above, one or more
grooves are fixed, whilst the other grooves, and all

the grooves on the loose pulley, are carried in rings
capable of rotating on the drum independently of the
shaft.

FIG. 65. Arrangement for Driving Wire-Rope Tramway,
Bleichert System.

Fig. 65 illustrates a method of driving devised by
Bleichert. Loosely mounted upon the same shaft as

the driving wheel or pulley is a second or other

wheel or pulley of the same diameter, round which,
and a horizontally mounted wheel or pulley, the

endless driving, running, or hauling rope is passed.
This horizontal wheel or pulley is so mounted, as will

be seen from the illustration, as to be capable of sliding
between guides, and a weight attached through a

chain to this wheel maintains the rope taut. A wind-

lass is also connected to the chain as shown, which

admits of the cable or rope being slackened, and like-

5
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wise prevents the fall of the above-mentioned weight
in the event of the rope breaking.

The cheapest method of working an aerial or

wire rope-way is of course the force of gravity, which

plan can be adopted on the endless-rope system or on

the double fixed carrying-rope system where the

gradients admit of the loaded carriers being run down
from the upper to the lower terminal of the line, whilst

at the same time the empty carriers, or the latter

loaded to a lesser degree with such materials or stores

as may be required at the upper terminal, are hauled

up. Such lines can be worked automatically where

the gradients do not exceed 1 in 10. Power has

occasionally to be applied to a line of this description
where the inclines are very steep in order to regulate
the speed with which the loaded carriers travel down
the line by gravity. In ordinary cases, however, in

which the inclines are severe enough to call for control,

but are not excessive, the speed of the descending
carriers can be sufficiently governed by means of auto-

matic brakes.

Attempts have been made to design lines upon
which the loaded or empty carriers can be run in both

directions by the force of gravity. The limited capa-
bilities and consequent few possible advantageous

applications of any such arrangement are, however,

very obvious.

The following is a brief description of a line of this

kind. At each end or terminal a strong standard or

support is erected, to which is centrally pivoted a lever

provided with wheels or pulleys around which a con-

tinuous or endless wire rope is passed. This rope is

permanently attached at one place to one of the levers,

and the lower stretch of rope is provided with tighten-

ing devices. The carrier is suspended from a pulley
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or grooved wheel running upon the upper stretch of

rope. This arrangement enables one of the levers to

be raised into a vertical position whilst the other is in

a horizontal position, so that the wire rope-way will

become inclined to the latter end, and the carrier run

to it from the former end by gravity. The position
of the levers may then be reversed by means of suit-

able gearing operated by hand or power, and the wire

rope-way becoming oppositely inclined, the carrier will

again return under the action of gravity to the start-

ing point, and so on ad infinitum. For carrying goods,

auxiliary line attachments passing over rollers at the

stations may be provided, and a vehicle for workmen,
it is claimed, might also be hauled by another driving

rope over the lower stretch of rope-way.
Another arrangement for attaining the end in

question, and that most commonly employed, is to

secure the rope or cable at one or both extremities to

a running block, frame, crosshead, traveller, or carriage,

capable of being moved vertically on the post or

support, by means of a hand-power windlass or crab,

steam winch, steam or hydraulic cylinder, &c.

The necessary difference in the elevation of the

rope or cable forming the line or track is also frequently

effected by means of ordinary derricks.

Next in point of economy to gravity comes water

power ;
it is comparatively seldom, however, that

the location of the line is such as to admit of its use.

Wherever this is possible, it can be invariably

employed with great success.

A somewhat curious form of motive power, which

it has been proposed to utilise, is the ascensive power
of a balloon. A truck or runner with grooved wheels

to engage with both the top and bottom of the carry-

ing rope is to be used, and to a link on the upper side
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of this truck the balloon is to be secured whilst the

carrier is to be suspended from its under side. On

rising ground the carrier would, it is averred by the

projector, be hauled up the incline by the balloon,

which would have a tendency to ascend. On level

ground he states that by leaving the rope slack, so

that the balloon might rise, it would in so doing haul

the carrier along the rope, after which it would have

to be drawn down, and a fresh start made.

The balloon would evidently have to be transferred

to another carrier, as also the load, at the termination

of each section of rope, and the use of the balloon in

high or contrary winds would be a matter of great

difficulty, if not totally impossible, an obstacle which

would be sufficient in itself, without mention of the

numerous other objections, to render the plan imprac-
ticable.

The use of electricity for driving affords in many
cases some further advantages of importance over

other applications of motive power.
An obvious advantage possessed by electrically

driven installations generally, especially in the case of

those of any considerable length, is the dispensation
of the running or travelling hauling rope, only the

fixed carrying rope or ropes being required.

Unfortunately, however, wire rope-ways are as a

rule unavoidably subjected to a good deal of hard

usage, a course of treatment which the delicate and

complicated arrangements of electrical devices are but

ill adapted to withstand, and consequently when in

the hands of rough and unskilled attendants, the

installations, although more or less perfect theoreti-

cally, are liable to go wrong, and to give trouble.

Electrically driven wire rope-ways are therefore only

advantageously applicable in certain special cases in
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which the site is comparatively level or at any rate no

very steep gradients have to be negotiated, and where

due care in working can be exercised, skilled labour

being readily available for keeping the installations in

proper working order. The subject of electrically

driven wire rope-ways is, however, one which requires
a separate chapter.



CHAPTER III

ELECTRICALLY DRIVEN WIRE ROPE-WAYS : TELPHERAGE ORIGIN

AND ADVANTAGES OF TELPHERAGE ORIGINAL SYSTEM OF

TELPHERAGE IMPROVED SYSTEM OF TELPHERAGE.

Telpherage.

TELPHERAGE, which is the method of applying

electricity, to which it is purposed solely to confine

this chapter, has many specific advantages over other

electrical systems which will be detailed later on, not

the least of which being that a very effective and per-

fectly automatic block system is provided, the passing
carrier forming its own electrical connections, and no

carrier being able to get within a certain predeter-
mined distance of that in front of it.

Origin and Advantages of Telpherage.
To Professor Fleeming Jenkin, who died in 1885,

is due the credit of both inventing and bringing to a

considerable degree of perfection an ingenious system,

applicable for electrically driving the carriers or

vehicles on aerial ways, to which he gave the name
of telpherage, a term which is derived from two Greek
words meaning far carrying. A telpher is an electric

truck or car employed for the automatic transmission

of the carriers or vehicles by electricity to a distance

independently of any control exercised from the

carriers or vehicles themselves. Professors John

Perry and W. E. Ayrton have also devoted consider-

able time to the development of telpherage, and the
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former has clearly demonstrated the great possibilities
of the system in its own particular field.

Telpher trucks can be run either on aerial wire

rope-ways or on rigid rails, the latter being either

arranged as elevated lines or on the ground, the aerial

system being the only application that will be dealt

with in this book.

The special advantages inherent to the telpher

system of driving are as follows : The conductor

being insulated and only connected with the rubbed

wire rope-way when a train or carriage is in the

vicinity, the section of the line behind the train will

consequently be incapable of leakage, owing to its

not being connected with the dynamo machine, and

only the particular section which the train happens
to be connected with will be capable of leakage.
Another important advantage due to this system of

insulation is that, as has been already mentioned, it

ensures an absolute block system, for say, if, by way
of example, a line were supposed to be divided into

three sections, and a train or carriage be on the

second one, no electricity would be given to the first

section at all, the current being cut off by the first

train on the second section, and a second train on the

first section being by a simple electrical device pre-

vented from getting any electricity until the first

train should have left the second section, and in like

manner the second train being prevented from get-

ting any electricity on the second section until the

first train should have left the third section, and so

on, a section being thus always interposed between

each of the trains, and the following train being pre-

vented from approaching within a specific distance of

the first or leading train.

This action takes place automatically, and no driver
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is required to the separate trains, which are forced to

retain a certain order, and the stoppage of one train

will automatically arrest all the following trains at a

certain distance from each other, by both removing
the source of motive power therefrom, and also by
applying very powerful brakes.

Curves can be negotiated as easily as on a surface

line, thus admitting of the direction of the line being
altered as often as desired in order to avoid excessive

gradients, or for other reasons. This latter is a

distinct advantage possessed by telpherage over other

systems of aerial lines in which an alteration in

direction necessitates the provision of an angle station.

Original System of Telpherage.

Many hundreds of patents in this country and
abroad have been taken out for improvements in

telpherage. Briefly, the system as first successfully
introduced was as follows : Wheels were arranged to

run along a strained wire rope or cable through which

passed a current of electricity, and which formed the

way or road of transport, the loads or carriers being

hung below suspended from the axles of the wheels,
and the rope or cable being supported at suitable

intervals on posts or standards. A uniform current

of electricity was supplied to the rope or cable

from a station, so that the electro-motors upon the

trains should be electrically connected in series through
the conductor. In one arrangement a break in the

electrical continuity of the rope or cable was made
at each post or standard, and the sections were
insulated from each other and from the earth, but

the sections were electrically coupled together by
movable coupling pieces. Including the electro-motor

and attached vehicles, the length of a train extended
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to about that of a section of the wire rope-way. By
arranging a coupling piece to be thrown out of action

by a passing train, the electric current could be caused

to flow, by a conductor on the train, through the

electro-motor by which the train was driven. The

power generated being calculated so as to be more
than sufficient to maintain the maximum speed required,
the latter could be regulated, through a balanced

centrifugal governor driven off one of the motor

shafts, this governor being provided with a slider

which was capable of engaging springs so that the

electro-motor should be cut out when a certain pre-
determined rate of speed had been attained, whilst

at a still more accelerated velocity a brake would be

applied.
To prevent excessive sparking, a device consisting

of a double spring was used, one member of which

was arranged to form contact with one terminal,

before contact with the other one should be broken.

The same object, however, could also be attained by
throwing in excessive resistances.

In order to prevent a following train from

approaching too close to a preceding one, an electro-

magnet was mounted on the top of each post or

support, wThich electro-magnet had a lever armature,

and a reaction spring to act as a circuit closer. The

wire which excited the electro-magnet came from the

contact made by the before-mentioned switch lever

that had been pushed aside, or the coupling piece that

had been thrown out of action by the passing of the

electro-motor, and belonging to the preceding in-

sulator. At such time as the armature remained in

contact with the core of the electro-magnet, the pre-

ceding section of the wire rope-way would be in

electrical communication with that in use. This con-
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nection would be maintained between the sections

for a certain distance behind the train, quite inde-

pendently, it might be, of the movable coupling

pieces, and the break in the electrical circuit between

the sections, which was absolutely necessary in order

to convey electric power to a following train, would

consequently not be in existence.

Another arrangement sometimes employed in place

of the above consisted of two conductors placed side

by side and divided into sections, so that the break in

one would be at the middle of the other. At such

time as no train was passing, the current crossed

backwards and forwards between the conductors by
movable coupling pieces. A passing train, however,

established connection through its electro-motor by

moving each switch lever in succession, and im-

mediately before each switch broke the cross con-

nection, it made contact with a supplementary wire

which worked the electro-magnet of the switch last

opened back into its normal position, and for an

instant cut out the electro-motor
;

the line circuit

being never broken, no sparking could take place.

The same electro-magnets might be arranged to

form a blocking system, but a supplementary wire

and electro-magnet were preferably employed for this

purpose.

Improved Systems of Telpherage.

The system was subsequentlyimproved by Professor

Jenkin, more particularly as regards the driving

mechanism, and that for regulating the speed of

motion, that is to say, for securing a constant rate of

motion, and a definite minimum interval.

To regulate automatic electrical transport it is

desirable, in the first place, to adjust the speed of
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each vehicle or train to a given rate, so that the line

may be filled with vehicles all running as nearly as

may be at one rate, but inasmuch as it would be

obviously impossible to make this adjustment of

speed absolutely perfect, and since accidental delays
or stoppages may occur, it is necessary to check any
vehicle or train which may approach too near the

preceding train. The minimum distance behind the

preceding train at which the check would be applied
will in the following description be spoken of as the

minimum interval.

As regards the means for securing a definite mini-

mum interval. In effecting the transport of goods or

passengers along ropes by the aid of electricity, it is

desirable to regulate automatically the distance be-

tween successive trains or single vehicles, and this

distance may frequently be much smaller than would

be allowable in the case of trains or vehicles driven

by steam.

A number of methods have been proposed by
which the minimum distance would be determined by
automatic blocking, some form of key or electrical

switch being required to be fixed at frequent intervals

along the line, the mechanism of these electrical

switches or keys being worked partly by the direct

mechanical action of a passing train and partly by
electrical devices. The following are methods for

determining a minimum space interval between trains

or single vehicles which require no special keys,

switches, or other moving parts fixed on the line, and

are especially advantageous in cases where the in-

terval between the trains or vehicles is to be small,

inasmuch as they avoid the multiplication of the

delicate and complex pieces of apparatus requiring

frequent inspection.
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These improvements are applied to the series

system, which has been previously mentioned, in

which system a single main conductor broken up into

sections of equal length is used, and the train is of

the same length or nearly so, as each section.

The desired block or minimum interval is secured,

in this system, by fixing a series of detached insulated

wires or other conductors, called block wires, along-
side the main conductor. In the simplest arrange-
ment these wires are each of the same length as the

sections into which the main conductor is divided,

and they begin and end at the breaks in the main

conductor. A rubber is provided at each end of the

train placing each block wire temporarily in connec-

tion with that part of the main conductor which is

alongside it. The connection at the leading end of

the train will be hereinafter designated the leading
cross connection, and the connection at the trailing end

of the train the trailing cross connection. The trailing

cross connection is a simple wire or other conductor.

The leading cross connection includes the coil of an

electro-magnet the armature of which is held down
when a current passes, and is released when no

current flows, and the movement of the armature when
a current passes is made to arrest the train. This

electro-magnet will be called the block electro-

magnet. This could be effected in various well-known

ways ;
for instance, mechanically, by allowing a break

to act
;
or electrically, as by cutting out the electro-

motor on the train, or by short circuiting this electro-

motor. These or any other desirable electrical or

mechanical actions could be produced directly, or

they could be produced indirectly by the help of a

relay. So long as only one train be on a given
section the block electro-magnet remained inopera-
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tive, but if the leading end of a train were to enter

on a section still occupied by the trailing end of a

preceding train, a derived current would flow through
the trailing cross connection of the preceding train,

the block wire, and the leading cross connection of

the following train, the electro-magnet of the follow-

ing train then acting to arrest that train until the

preceding train had cleared the block wire, and the

following train would then be driven as before. This

method of blocking is clearly shown in the diagram,

Fig. 66, wherein the numerals 1, 2, 3, 4, indicate

sections of the main conductor to be connected and

disconnected by switches
;
a 1

,
a2

,
a3

,
a4

,
the block wires

each of the same length as the sections into which

FIG. 66. Blocking Arrangement for a Telpher Line on the

Series System.

the main conductor is divided
;
A and B two trains

;
L

and L1 the leading cross connections
;
and T and T I the

trailing cross connections. The train B is blocked

by the action of a derived current flowing through L1

,

a'
2

,
and T.

This simple form is especially applicable to telpher-

age where the line is intended to convey light vehicles

following each other in rapid succession. The block

wires will check any train which tends to gain on

those which precede, but, if by accident a train were

to stop so that its trailing wheel had only just entered

upon a new section, the following train might run into

it, for the second train experiences no check until it

enters on the section which is occupied by the trailing

wheel of the preceding train. In order, therefore, to
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prevent this, and to make the block act with a

minimum interval equal to that of one section of the

main conductor, each block wire is extended or pro-

longed behind the section it is intended to protect,

and is made twice the length of one section of the

main conductor. To facilitate description the half of

each block wire at which the train first arrives will be

called the second half of the block wire, the other

half of the wire the first half.

The leading cross connection rubber puts the main

conductor into connection with the second half of

one block wire. The rubber of the trailing cross

connection puts the next section of the main con-

ductor into connection with the second half of the

next block wire, and also with the first half of a third

block wire.

The leading cross connection comprises the block

electro-magnet, and when a following train overtakes

a preceding one, so far as to enter on the section next

to that occupied by the trailing wheel of the preceding-

one, a derived current flows from the main conductor

through the leading cross connection of the second

train, a block wire, and the trailing cross connection

of the first train, back to the main conductor. This

current would continue to flow if the second train be

forced forward into the same section of the main

conductor as is occupied by the trailing wheel of the

first train, but the block wire employed will have

changed.o
Iii the arrangement shown in the diagram, Fig. 67,

the block is made to act with a minimum interval

equal to the length of one section of the main con-

ductor. As in the first diagram, 1, 2, 3, 4 represent
sections of the main conductor, a1

,
a2

,
a3

, a\ a 5

,
block

wires twice the length of one section of the main
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conductor, and arranged by crossing, as shown in the

diagram, to make the connections with the leading
and trailing cross connections L and T. The train B is

in this case blocked by a derived current through T,

a3
,
and L

1
.

This device may be likewise employed to make the
minimum interval twice, three times, or n times, the

FIG. 67. Blocking Arrangement for a Telpher Line with Minimum
Interval equal to one Section of the Main Conductor.

length of each section of the main conductor, for which

purpose three, four, orn+l block wires will be required

respectively.

Should a polarised electro-magnet be used as the

block electro-magnet, the trailing cross connection

may be that which connects the conductor with only
one block wire, while the leading cross connection with

the polarised electro-magnet must then be in connec-

FIG. 68. Blocking Arrangement for a Telpher Line with Inverted

Block Wires and Cross Connections.

tion with n block wires. Thus, in the diagram Fig. 68

an inversion of the block wires and cross connections is

shown, which is an obvious equivalent for the arrange-
ment last explained. The loop in the leading cross

connection in this and some of the following diagrams

represents the block electro-magnet which would re-

quire to be polarised, that is to say, only to cut out
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the motor when the current runs in one direction,

otherwise in the position shown in Fig. 68 both the

trains would be stopped.

Analogous cross connections, rubbers, and block

wires are used when the general system of transport is

on the parallel arc system, in which there are two main

conductors maintained at different potentials, and suc-

cessive trains or vehicles are driven by electro-motors,

each of which establishes a connection between what

may be termed the positive and negative main con-

ductors, the wires of the successive electro-motors

being consequently all in parallel arc between the

main conductors.

To apply the arrangement in its simplest form to

the parallel arc system, the block wires must be a

series of equal insulated conductors, which may be of

any length, and each block wire overlaps that which

follows and that which precedes it to the extent of

half their length. The half of each block wire which

precedes the other looking in the direction in which

trains pass, will be designated as the first half, the

other portion as the second half.

The trains or vehicles which require to be protected
have each two rubbers insulated one from the other

and placed opposite each other at the same place in

the train or vehicle. One rubber is always connected

with the positive main conductor and the other with

the negative main conductor, the one called the lead-

ing rubber, although it does not precede the other,

putting one main conductor in connection with the

second half of a block wire alongside the main con-

ductor
;
the other rubber, called the trailing rubber,

putting the other main conductor in connection with

the first half of a block wire alongside the main con-

ductor. These two connections are called the leading
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and trailing cross connections, and the leading cross

connection includes a block electro-magnet which acts

in a manner analogous to that required for the series

system. When the leading rubber of one train enters

on the second half of a block wire, the first half of

which is connected with the trailing rubber of a pre-

ceding train, the block electro-magnet will arrest the

following train, for a current will then flow from one

main conductor to the other, from the trailing rubber

of the preceding train, through the block wire and the

leading rubber of the following train, and when the

preceding train leaves the block wire the following
train will be freed.

An application of block wires to the ordinary

I: -

FIG. 69. Blocking Arrangement for a Telpher Line on the
Parallel Arc System.

parallel arc system is shown in the diagram Fig. 69.

p and N here indicate two continuous conductors, the

motor which propels the train being driven by a

current passing from p to N by means of rubbers which

connect the motor with these rails or mains con-

ductors. A and B represent two trains supposed to be

driven in this way in the direction shown by the

arrow, a1

,
a2

,
a3

,
a4 indicate block wires which are

arranged as shown, and the length of which is not

determinate, but which block wires are habitually

equal to one another, the first part of one being

necessarily equal to the second part of that which

precedes it. T, T
1

,
and L, L1 indicate the trailing and

leading cross connections, and it is obvious that the

6
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train B will be blocked by a current flowing through T,

a2

,
and L1

. It is usually necessary in each block wire

to insert some piece of material such as carbon to

prevent the passage of an excessive current.

When this simple method is applied to telpherage,

however, it does not form a perfect guard to the pre-

ceding train, for if the following train were to over-

shoot one-half of a block wire the block would be

removed and a collision might occur. Thus in the

diagram under consideration it will be seen that

should the train B, notwithstanding the block, move
on until L

1 leaves a2 and touches a1

,
the block will be

removed
;

the block is therefore in this plan only

operative for one-half of the block wire.

The above defect might be practically obviated by
making the block wires so long as to render this over-

running highly improbable, or the block could be

rendered more efficient by increasing the number of

the block wires. For example, if there be three over-

lapping block wires instead of two, each block wire

will then consist of three parts, which may be denomi-

nated the first, second, and third part respectively.
The leading cross connection will then join one main

conductor, through a block electro-magnet, to the third

part of each successive block wire, and the trailing

rubber of the train will join the other main conductor

to the first part of one block wire, and the second part
of the next. A following train will then be blocked

by a preceding one, so long as the second train is

passing over two-thirds of the length of a block wire,

and will only be released when within one-third of

that length. An arrangement in which a third block

wire is used is shown in the diagram Fig. 70.

When four overlapping block wires are used the

block electro-magnet will act for a distance equal to
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three-quarters of each block wire, and, by increasing
the number of the block wires, the fraction of the

length during which the block will operate can be

increased at will. A simple method of carrying out

this arrangement consists in placing the block wires

obliquely between the two parallel main conductors,
and letting the trailing rubber be broad enough to

make contact with all but one.

Both in the case of the parallel arc and series

systems, the block will be quite independent of the

direction in which the preceding train may have been

moving, but if the preceding train has been moving
back upon the following train, although it will stop

any following train, it will not itself be stopped. In

FIG. 70. Blocking Arrangement for a Telpher Line with a Third

Overlapping Block Wire.

telpherage, however, this backing is practically never

required, and, moreover, a backing train can be auto-

matically prevented from running into or colliding with

a following one, by arranging the mechanism so that

when any train runs backwards, a block electro-

magnet will be automatically inserted in what is

properly the trailing cross connection.

A method of effecting this automatic insertion is

shown diagrammatically in Fig. 71, and consists in

having two frictionally geared wheels, A, B, lightly

pressed together, A being driven by the movement of

the train so that its motion will be reversed when the

train backs, and B having a contact piece by which

the block electro-magnet will be cut out, or put in.
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The friction will lift this contact piece during forward

motion, but will depress it should the movement of the

train be reversed.

To work the parallel arc system writh a single rope
for up trains, and a single rope for down trains, the

single conductor which forms the circuit must be

crossed alternately from the up to the down line, so

FIG. 71. Arrangement of Block Electro-Magnet for Preventing Train

from Backing into a Following One.

that when the conductor charged positively is on the

up side, the conductor charged negatively will be on

the down side, and vice versa. The up and down lines

are divided into sections of equal length, as in the

series system, and the train should be of the length of

one section or nearly so, the leading end of the train

being, say, on a positive section and the trailing end

FIG. 72. Arrangement of Conductors for Admitting of a Line on the

Parallel Arc System being Worked with a Single Rope.

on a negative section. Fig. 72 illustrates diagram-

matically a special arrangement of conductors by
which the parallel arc system may be worked with a

single rope for up trains, and a single rope for down
trains. N, P are two continuous conductors insulated

from one another, and maintained at different poten-
tials by a dynamo, as in the arrangements shown in
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Figs. 69 and 70. These conductors are divided into

equal lengths, as indicated at 1, 2, 3, 4, and 5, 6, 7, 8,

so supported that 1, 2, 3, 4, &c., will form a single road

along which a train having a row of single wheels can

run, and 5, 6, 7, 8, &c., will form a second similar road.

The electrical cross connections, 1, 7, 3, 5, which cause
N to be a continuous conductor, and 8, 2, 6, 4, which
cause P to be a continuous conductor, are shown by
dotted lines. These conductors or ropes are supported
by brackets and insulators on each side of ports placed
at c\ c

2

,
c
3
,
c
4

,
&c.

From the above it will be clearly seen that if trains,
similar to those first described in the case of the series

system, are placed on these roads or ways, they will
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driving, where only one line, with the sections alter

nately positive and negative, is used. The action by
which the train B will be blocked in this example will

be obvious from previous descriptions.
In the plan shown in the diagram, Fig. 74, the

train A will block the train B when the leading wheels

of B reach a section already occupied by the trailing

wheels of A. In this arrangement the leading and

trailing cross connections are both placed at the

beginning of the train, but the current through T does

not pass through L.

The two latter arrangements may be combined,
and may be reduplicated so as to protect sections

situated further back.

FIG. 74. Blocking Arrangement with the Leading and Trailing Cross

Connections placed at beginning of the Train.

By the term block electro-magnet is meant any
contrivance set in action by the passage of an electrical

current, and having for its object the checking or

arresting of the electro-motor with its train or single

vehicle. The simplest method of checking the train

is by cutting out the motor on the parallel arc system,
and by short circuiting it on the series system, or in

the latter system the motor may be cut out and the

circuit joined up without short circuiting the motor,

as shown in the diagrams, and the current may be

employed to start a subsidiary electro-motor which

puts on a brake which is released when the blocking
current ceases, the block being put in action by means
of block wires and trailing and leading connections,



TELPHERAGE 87

and no switches, keys, or electro-magnets being used

on the permanent way.
In cases where the carriers or vehicles are arranged

for the conveyance of persons, the system of blocking
allows the guard to see wrhen he is overtaking another

train or is being overtaken by it. This he can do by

observing whether a current is flowing through either

cross connection. The guard can also test the action

of his own mechanism by temporarily completing a

circuit through leading and trailing rubbers and block

Fius. 75, 76, and 77. Method of Mounting Block Wires in Line on

Telpher System. Side, End, and Plan Views.

wires. For instance in Fig. 69 if, by a supplementary

insulated metal rubber, the guard joins a and a2
,
his

train should instantly be checked by a current passing

through the two main rubbers of the block system,

and the block electro-magnet. It is evident that this

mode of checking trains would form a convenient brake

as well as a mode of testing the apparatus.

A convenient method of mounting the block wires

is shown in side and end elevation, and in plan in

Figs. 75, 76, and 77. Metal supports are fixed by the



AERIAL OR WIRE ROPE-WAYS

side of the line, on posts, or brackets, in any convenient

position. Each of these supports carries six vertical

pins, and on these pins pottery ware insulators are

fixed. The heads of these insulators are cylindrical,

and they are arranged to receive metal caps. To
four of these caps the block wires, which are strained

between the supports like ordinary telegraph wires,

are securely attached. As shown in the illustration,

the wire is led down over the curved head of the cap,

FIGS. 78, 79, and 80. Contact Maker or Circuit Closer for Line
on Telpher System. Side, End, and Plan Views.

and is twisted and securely fixed around the body. A
cross connection couples two of the wires together,
whilst the other two terminate at the support. The
contact maker or circuit closer is provided with bearers

to lead it without concussion from wire to wire.

This circuit closer takes the form of a carriage,
and it is shown in side and end elevation and in plan
in Figs. 78, 79, and 80. It consists of metal frames

connected by crossbars, and provided with metal wheels



TELPHERAGE 89

which run on the wires, and the carriage serves

electrically to connect the wires on which it stands.

Side rollers are also provided to prevent the carriage

running off the wires. A light rod not shown in the

drawing forms the connection between the carriage
and the train drawn by the electro-motor.

This device connects together the parallel wires on

which it stands, which is what is desired in one of the

connections. In the other connection, however, it is

required that contact should be made with the wires

on one side only, and for this purpose the carriage is

so made as to insulate its two sides, the crossbars not

being fixed directly to the metal side frames, but to

insulators like those shown in Figs. 75, 76, 77, which

are carried on vertical pins provided for them upon the

side frames.

To regulate the speed at which the train when
unchecked will be propelled, that is, to provide means

by which the speed may be maintained constant or

adjusted independently of variations in the resistance

to be overcome, or in the source from which the

electrical energy is derived, or in the circuit, or in the

number of trains to be driven by that circuit, without

the use of a relay or an electro-motor, the device illus-

trated in Fig. 81 is employed. A, B, c are three wheels

so geared that A will drive B, and, if the axis of B remains

stationary, B will drive c. If, however, the motion of

c be resisted by a force exceeding a given adjustable

amount, c will remain at rest and the axis of B will be

displaced, an arrangement in fact of differential gearing,

c is connected with some resistance such as that due

to a fan, a centrifugal brake, a pendulum, or the flow

of water through an orifice, so regulated that the

resistance will increase with the speed at which the

machine to be governed happens to be running.
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Another resistance is also opposed which may be

constant or nearly so to the motion of the axis of B, and

to the latter is attached a make and break piece
or commutator, or other means of controlling the

electrical current supplied to the motor, in such a way
that, so long as the axis of B remains at rest, the full

driving current will pass through the motor, but when,
with the increase of speed, the resistance to the

motion of c also increases, and the axis of B moves,
this motion will break the circuit, or reverse the con-

nections, or move the brakes, or short circuit the

motor, or throw in resistance, in fact the motion of B

is used to effect any desirable change
in the electrical connections.

Upon the speed decreasing so that

the resistance to the motion of c

will have again fallen to the normal

amount, the axis of B will return to

its former position under the action

of a spring or weight, by which its
id. 81. Device for > . i iji j*n
Regulating the

m tion is resisted, and the current will

Unchecked Speed be supplied as before.

Preferably the axis of B is arranged
to move between two fixed stops

placed at a considerable distance apart, in order to

avoid continual interference with the circuit when

running at nearly the normal speed, and the make
and break piece attached to B is so arranged as only
to alter the circuit when near to either of the two
ends of its travel.

Referring to the illustration, A and c are the pitch
lines of two wheels externally and internally gearing
with the pinion B. A and c are concentric but not on

same shaft, or one of them is mounted loosely upon
the shaft. B is centred on the arm D which is pulled
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against a stop by a spring s. A is driven by the

motor to be controlled, c is resisted by any resist-

ance which increases with the speed, as by a fan,

centrifugal arrangement, or water governor, so that at

a certain speed the arm D will begin to rotate round
the centre, and will work a make and break piece m,
or a commutator M, or any other electrical device.

The make and break piece m may have a slot in it, as

shown, so that the pin indicated only moves it to or

fro when the arm D is near the end of its travel.

As a rule it is desirable that the change of me-
chanical resistance to the motion of c should change

largely with a small change of speed at the critical

point, and a simple plan for effecting this change is by
making c drive a brake governor m of the type devised

by Sir William Thomson, in which a revolving weight
is normally clear of an external rim, but at a given

speed overcomes the resistance of a spring so far as to

come in contact with this rim, and as it were put on a

brake by means of the friction it creates.

The effect produced by a governor of the above

description is neutralised when the speed of the

machine falls back to the normal desired speed or a

little below it. Cases arise, however, in which this is

undesirable, as some permanent change may occur in

the driving current, or in the mechanical resistance to

the driven electro-motor, as when the gradient of a

telpherage line changes, and this renders a permanent

readjustment of the electrical mechanism desirable.

The simple slot arrangement described above and

applied to any centrifugal governor will effect this

purpose, or it may be performed automatically and

with great accuracy by the governor shown in Fig. 82.

A, B, c form a train of wheels so arranged that A

drives B, and B drives c, or vice versa, c may drive B,
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and B will then drive A. Upon B being turned in one

direction it produces an electrical change tending to in-

crease the speed of the motor, and upon B being rotated

in the reverse direction this change will be undone.

A centrifugal governor is so arranged that when
the speed falls below a certain point an arm presses

against a smooth pulley or surface connected with A,

and so drives B in one direction. When, on the other

hand, the speed rises above a certain point, the same,
or another arm, presses against a smooth pulley or

surface connected with c and drives B in the opposite

FIG. 82. Governing Arrangement for Train on Telpher System.

direction, but when the speed remains intermediate

between the two limits the arm, or arms, are clear of

A and c, and B is left at rest. B may thus be em-

ployed to shunt or cut out a motor, to throw in or out

an electrical resistance, or to adjust brushes, or to cause

an electric field to apply a mechanical or electrical

brake, or to produce any change, mechanical or elec-

trical, which regulates the speed, and in this manner

a permanent change may be effected which will not

be undone when the motor is brought back to the

desired speed. The change may if desired be effected
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in the driving dynamo instead of in the receiving
motor, or in both.

The governor is preferably employed in the fol-

lowing manner. Connected mechanically with the
machine to be controlled is a regulating drum or disc

divided into two parts insulated from each other, and
a rubber pressing against this drum or disc alternately
makes one of two connections. When one connection

is made the motor will be driven by the current, but
when the other connection is made the current will be

diverted or interrupted so as not to drive the motor.

The driving and non-driving connection will be of

a length dependent on the position of the rubber

relatively to the drum, and this position is shifted in

the way above described by the wheels A, B, and c.

In the drawing the rubbing pieces D, D, of the

balanced centrifugal governor, bear against the smooth

surfaces c or a, as the velocity happens to be above or

below that required. When the speed is exactly

right or normal, these rubbing pieces will run clear,

and in the latter case the wheels A, B, c will all be at

rest. If the speed becomes excessive, the wheel B

will be worked by c
; if, on the contrary, the speed be

insufficient, the wheel B will be driven by A. The

shaft of B has a screw by which a nut M is worked

backwards or forwards and is used to produce the

desired change. A desirable method of effecting this

required change is shown diagrammatically in Fig.

82. The insulated rubber or brush T actuated by M

rubs on the insulated pieces o and u of a cylinder, as

shown, o is insulated and u is connected by another

rubber with one terminal of a motor Q, the other

terminal of the motor being joined to a dynamo n,

the other pole of which is connected with the rubber

or brush T.
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It will be seen that if, at one end of the cylinder,

the piece u goes all round, and at the other end the

piece o goes all round, and at intermediate points the

proportions between o and u gradually vary, the time

during which the current will be admitted to the

motor will depend on the position of the rubber or

brush T, which latter will be determined by the

governor. The connections for o and u can easily be

varied to suit other arrangements in which an absolute

break might not be desirable. In fact the well-known

system of cutting off the current for a fraction of each

revolution is employed, but in such a manner that the

cut-off shall be undisturbed so long as the speed
remains constant, but may be permanently varied by
a temporary change of speed so as to be different at

different times although the speed may be the same.

With this arrangement, if the resistance to the motion

of the motor should decrease tenfold below the maxi-

mum which the motion could overcome, when the

current was on continually, a slight increase of speed
would screw M along until the current was cut off for

about nine-tenths of each revolution. When the

speed had fallen to the desired amount in consequence
of the withdrawal of the current, the rubber or brush

T would be left in its new position and the machinery
would run at the old speed notwithstanding the great
alteration in the conditions.

Fig. 83 shows another arrangement of the governor

by which the desired permanent change can be effected,

in which a well-known mechanical equivalent is sub-

stituted for the three wheels previously used. In this

arrangement the bevel wheels A and c are connected

by a sleeve, or form part of one piece which is capable
of a small motion along the shaft under the influence

of a balanced governor, and if the speed becomes ex-
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cessive the bevel wheel A will drive the bevel wheel B

in one direction, whilst should the speed become
deficient or decrease, the bevel wheel c will drive B

in the opposite direction. When, however, a pre-
determined rate of speed is maintained, both the
bevel wheels A and c will remain clear, and B will be
at rest.

On attaining the limiting or extreme position, M

might be employed to put on a mechanical or elec

trical brake, as by making contact with the stop t, and
the governor might in this way be employed to put a

brake on a train, if it continued to run too fast even
after the whole electric cur-

rent had been cut off. This

effect would, however, be

produced instantly, or almost

instantly, after the current

had all been withdrawn.

To afford additional

security against the chance

of trains or vehicles being
overtaken by those which

follow, any apparatus may
be used by which a mechanical or electrical brake will

be set in operation to arrest a train or vehicle whenever

the time during which the motor of this train or vehicle

has been deprived of the driving current, by any one

of the means which have been already described,

exceeds a definite length, and by which the brake will

be at once removed when the driving current begins to

circulate. The effect of this arrangement will be that

when the block or governor acts merely to control the

speed, no power will be wasted in unnecessarily re-

sisting the motion of the train or vehicle, but if this

train or vehicle runs past the block for more than

Fro. 83. Modified Form of

Governing Arrangement for

Train on Telpher System.
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a definite number of seconds, so as to be in danger
of overtaking the preceding train or vehicle, or of

running too fast, then its motion will be checked not

only by the withdrawal of motive power, but also by
the action of a brake.

Figs. 84 and 85 illustrate in elevation and section

one way of carrying out the above arrangement. The

piece M is in this case actuated by the governor so as

to move downwards when the velocity increases be-

yond the normal
;
when this motion has reached the

limit at which the speed can be controlled, as already

described, by entirely cut-

ting off the current, a

wedge piece or stop Q will

actuate a catch N so as to

release the crosshead o.

This crosshead will be

then pulled downwards by
springs s

1

,
s
2

,
its motion

being resisted by a dash-

pot P, or other contrivance

which will delay or retard

the motion for the desired

time. After the lapse of

this time, the crosshead o will fall down nearly to the

stop Q, and will make contact at T, so as to apply an

electrical brake. The time between the release of the

catch and the arrival of the crosshead o at its limitingo

position may be for instance thirty seconds, yet when
the speed falls, the stop Q attached to M will, as soon

as the latter begins to move back again, break the

contact at T, and so take off the electrical brake. On
M rising it will again set the catch N. It is obvious

that the contact at T may be employed in many ways
to arrest the train, indeed the mere mechanical pressure

FIGS. 84 and 85. Brake Arrange-
ment for Trains on Telpher-

System. Elevation and Vertical

Section.
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of the springs s
1

,
s
2

,
on a quick running wheel, instead

of T, would in most cases form a sufficiently powerful
brake. The dash-pot p should be so arranged as not
to resist the upward movement of the crosshead o, and
were a fan employed instead of the dash-pot, it should
be driven by the descent of the crosshead o, and not

by its ascent.

To enable wire ropes to be used as the insulated

conductor, a special form of insulator capable of re-

sisting a great strain, and also of allowing the ropes
to rock on the point of support, and so relieve the

FIGS. 86, 87, and 88. Insulator for Use on Telpher Line.

Side Elevation, Plan, and Cross Section.

supports from inconvenient strain, is employed. This

insulating device wherein the ends of the wire ropes
are secured in bent wrought-iron pieces clipped to a

circular insulator free to rotate round a centre pin, is

clearly illustrated in side elevation, plan, and vertical

cross section in Figs. 86, 87, and 88, in which the

insulating parts are indicated by cross-hatching.

Horns of metal having shallow grooves on their

upper sides intended to receive the wire rope, are bent

round the main insulating piece, and again bent back.

The rope passes between this metal horn and the

7
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main insulating piece, and is also bent back and is

secured by being lashed to the horns. The horns are

bent as shown in plan when the post is to stand at an

angle, and the two horns are clipped together by
straps which are insulated from them by insulating

packing pieces. A piece of metal fixed in the main

insulator helps to bridge the gap between the ends of

the wire ropes.
A pin, which is supported by a fork, serves to

carry the main insulating piece, and the surface of the

latter near the pin is shielded from the wet by the

outer pieces shown in the vertical cross section, and

by the form of the main piece itself. The rocking
action on the pin prevents any undue strain from

coming on the support.

By forming the insulator over the pin in the shape

shown, good insulation is ensured for the whole system
from the earth, and the resistance across the packing

pieces is rendered sufficient.

A number of improvements have been made by
the Consolidated Telpherage Co., of New York, and

lines designed on their system are extensively em-

ployed in America. One of the chief characteristics

of the aerial system of this firm is what is known as

the Unit System. The results of numerous trials,

and many experiments, with various methods, have

convinced them that this is both the most flexible

system and the one which most successfully fulfils the

greatest number of conditions, and that this fact is

capable of practical demonstration.

Fig. 89 is a plan view showing a carriage or

telpher truck composed of a single or one unit, and
termed a single unit telpher. As will be seen from

the drawing^ the device is of simple construction, and
* See also Figs. 134 and 136, pp. 173 and 176.
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it consists broadly of the combination with a suspended
car of a shaft rigidly fixed to the supporting wheels,
the electric motors located on each side of these

wheels having their revolving armatures also rigidly
fixed on the shaft. The motors are provided with a

FKI. 89. Single Unit Telpher Carriage or Truck.

frame by which they are connected together, and

combined with the yoke and trailing or idler wheel

constitute a single unit telpher truck.

Fig. 90 is a similar view to Fig. 89, illustrating

a carriage or telpher truck consisting of a double

FIG. 90. Double Unit Telpher Carriage or Truck.

unit, or two units. It consists as shown simply of

two units combined by a yoke, the second unit in the

double unit telpher taking the place of the trailing or

idler wheel of the single unit telpher.



CHAPTER IV

EXAMPLES OF INSTALLATIONS OF WIRE ROPE - WAYS ON THE

RUNNING OR ENDLESS ROPE SYSTEM AT : WORKS IN FRANCE
MILL IN MEXICOFURNACES AT MIDDLESBROUGH WATER
WORKS IN NORTHUMBERLAND PIER AT THK CAPE DE VERDE
ISLANDS PIERS IN NEW ZEALAND QUARRY AT EMBOROUGH

QUARRIES IN INDIA CEMENT WORKS IN BRAZIL MINE
IN CUMBERLAND PRINT WORKS IN LANCASHIRE CHEMICAL

WORKS IN NORTHUMBERLAND MILL IN YORKSHIRE LINOLEUM

WORKS IN MIDDLESEX SUGAR PLANTATIONS IN DEMERARA,

JAMAICA, MAURITIUS, MARTINIQUE, ST KITTS, GUATEMALA,
&c. CUSTOM HOUSE IN MAURITIUS BEETROOT FARM IN

HOLLAND.

Installation at Works in France.

THE following are brief descriptions of several installa-

tions on the Gourjon
*

running-rope system of wire

rope-way erected in France. In this system but one

endless cable is used moving round two pulleys in the

same vertical plane, the full skips being carried to

their destination by the lower portion upon which

they are suspended at equal distances apart, and the

empty skips returning on the upper portion. Motion
is imparted according to circumstances, by force of

gravity, or by power, or partly by gravity and partly

by power in a regular and continuous manner.

One of the installations in question which was
erected at Teil, has a length in a horizontal direction

* A detailed description of the Gourjon system of wire rope

tramway will be found in the Annales des Fonts et Chaussees, vol.

xiv., 1887, p. 604.
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of 1,558 feet, and as the difference of level is only 81

feet 8 inches, a certain amount of help has in this case

to be given by power from the motor at the works, to

assist the action of gravity.
The carrier buckets, or receptacles, which are of

sheet iron, are suspended from the cable at intervals

of 111'5 feet apart, weigh when full 110 Ibs., and

travel at a speed of 5*75 feet per second, or at the rate

of about 3*92 miles per hour.

The installation cost 100, and the traffic upon the

line is 70 tons a day, the cost of transport being 3* 11

pence per ton-mile.

An installation erected at St Imie-, near Grenoble,
is considerably longer, following the windings of a

valley for 8,200 feet, or over 1^ mile. The two por-
tions in the intervals between the end pulleys are

supported at the same level by pulleys mounted on

posts or standards located about 500 feet apart.
The cable used is made of steel wire on what is

known as the Excelsior system, and has a diameter of

0'67 inch; whilst a cable made of a like number of

round wires, and of the same weight per fathom,

would have a diameter of 0'906 inch, or very nearly
1 inch in the latter case against a little over

|-
inch

in the former case. The reason of this is owing to

the absence of interstices in the case of the Excelsior

make.

The cost of this line was 520, the traffic is 50 tons

a clay, and the cost of transport 3*75 pence per ton-

mile.

Another short temporary installation put up at

Alzon was used for conveying blocks of stone for

masonry work connected with a railway. The line

crossed a valley 1,579 feet wide, having a difference

of level between the termini of 474'5 feet.
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In this case the excess power due to gravity could

be used for moving a second cable which had a span
of 88 feet, and a rise of 48 feet, by connecting it with

the upper pulley, so as to carry the stone from the

quarry to the pulley placed at the edge of the

valley.

The uncoupling of the carriers was effected auto-

matically, but the coupling had to be done by hand,

which caused some delay; 130 tons were transported

per day at a cost of 14 '4 pence per ton, the cost of

cartage being double.

The cost of the line was much increased by a

failure to calculate the tension of the cables, and a

carelessness in erection, which caused accidents to

take place on commencing work which otherwise

might have been avoided, and but for which the out-

lay would have been only 480, and some 2,400

would have been saved in the transport of 52,330
cubic yards of material.

In another installation two portions were on the

same level, and passing over vertical pulleys at the

end of the track were directed at an angle of from

20 to 25 to a winding drum, located horizontally
at a slightly lower level, thus greatly facilitating the

uncoupling and coupling of the carriers.

This line was designed for a distance of 2,214 feet,

with a fall of 24275 feet
;
the cost was estimated to be

440, and 72 tons of cement were to be carried down

daily at a slow rate of speed from the kilns to the

works, the cost of transport being estimated to be

2'1 pence per ton, instead of 10^ pence per ton, which

latter was the price of cartage. The capacity of such

a line could, however, easily be raised to 100 tons

daily by somewhat accelerating the speed, and the

empty carriers could be used for conveying up coal
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to the kilns. The drum or pulley at the end of the
line would then have to be connected with the motor

a

of the works, so as to lower or raise the power due

to gravity according to circumstances, and produce
a uniformity of speed.
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Installation at Furnaces at Middlesbrough.

Fig. 91 is a general view of a line on the Carrington

running-rope system designed by Bullivant & Co.

Ltd., and erected at Middlesbrough for removing the

slag dump from mine furnaces so as to admit of the

land being used for other purposes. The illustration

shows the unloading terminal in the distance and the

loading terminal in the foreground, the tension gear

being in the rear of the latter. The capacity of this

rope-way is 1 5 tons per hour, and the buckets have a

capacity of 4 cwt. each. The line extends the entire

length of the heap that it is desired to level, the

discharging terminal being situated at the highest

point and the loading terminal at the lowest point.
The latter terminal rests upon a short section of rail,

and is gradually moved towards the unloading terminal

as the material is removed from before it, without

necessitating any change in the gear. The slag is

brought to the loading terminal in the buckets to be

placed on the running rope.
From the unloading terminal the slag is discharged

into a crusher, from which it is delivered into a rotary
screen which separates the material into four grades,
each of which is received by a separate compartment
of a hopper, and is loaded into trucks on a railway.

Installation at Water Works in

Northumberland.

An installation on the same system has been

constructed by Bullivant & Co. Ltd., for the New-
castle and Gateshead Water Works, Wylam-on-Tyne,
Northumberland, for the purpose of carrying cement,

bricks, and other material for the construction of

conduits, &c., in connection with new works, and also
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for carrying coal for the Company's pumping station,
which is situated some distance short of the main

discharging terminal.

The total length of this line is 1,800 feet, and it

has a capacity of 20 tons per day. The posts or
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standards are constructed of steel, and of the type

having four legs. The longest span is one of 490 feet

where the line passes over the River Tyne. The

loading station at the tensional terminal is so arranged
that it could be placed between two lines of rails, for

which purpose the gauge from that point to an

adjacent angle frame is one of 6 feet, whilst from the

latter to the upper or general unloading terminal

it is one of 8 feet. The construction of this upper
terminal is illustrated very clearly in Fig. 92, which

also shows one of the posts or standards and a portion
of the line with a carrier coming and going. The
materials are here unloaded into contractors' waggons
which latter are made up into trains and are taken to

the new works. The driving power is supplied by an

ordinary undertype pattern of portable steam engine,
and only two men are required to operate the line.

An intermediate unloading terminal is provided
at the pumping station at which a loaded carrier can

be stopped during its transit, and the contents dis-

charged through a chute into a hopper for loading
the works waggons. On one side of the loading station

a hopper is provided for loading the carriers with coal

from the railway trucks, whilst on the other side a

chute is arranged for filling the carriers with bricks

from the trucks on another siding.

Installation at a Mill in Mexico.

An installation on the running-rope system at

Plomosos *
in the State of Sinaloa, Mexico, for con-

veying wood to a mill, has a total length of 10,115

feet, or not far from 2 miles. The upper terminal of

* A very full description, from which this abstract has been

made, will be found in the Transactions of the Technical Society

oj the Pacific Coast, San Francisco, 1890, p. 113.
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this line is at an elevation of 3,575 feet above the

lower one, thus affording a good example of a line on

the running or endless rope system of comparatively
short length, with a considerable difference in level

between the termini. The spans were respectively

935, 863, 104, 1,378, 977, 1,935, 410, 1,066, 771, 833,

and 433 feet, at first, making in all 9,705 feet
;
but

to this length 410 feet were subsequently added

between spans 8 and 9, when the vertical turn sheaves

were replaced by horizontal ones, raising the length
of the line to 10,115 feet, as before mentioned. The
outline of the ground is shown in the section, Fig. 93,

TOTAL LENGTH 10,115 ft.

Fio. 93. Installation at Mill in Mexico : Section.

from which it will be seen to be of a very rugged
nature.

Most of the frames of the standards were con-

structed of hewn timber, because this latter material

was easily available, thus counterbalancing the slight

advantage which sawn timber is stated to possess for

the purpose.
The framework of the upper terminal consists of

balks of timber 8 inches square.

The run of the loaded carriage for taking up the

slack of the rope is limited to 54 feet, the counter-

weight gear being at the lower terminal only, and the

other end of the rope being firmly anchored. The
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slack of the rope is taken up when the splices are

renewed from time to time.

The intermediate posts or standards were first con-

structed single, but in many places they were after-

wards braced, by having X-shaped frames erected

round them.

The counterweight gear is mounted in a four-post
tower 24 feet in height, the weight box being 5 feet

square and 3 feet deep.
In lines of this description the travelling carrying

rope is supported on suitable sheaves or pulleys, which

latter are mounted vertically upon the ends of cross

arms fixed on the posts or standards at a sufficient

height to clear all surface obstructions. At the termini

the rope passes around sheaves or pulleys set horizon-

tally. These sheaves are either grip or plain sheaves

as the case may require, grip sheaves being used

where power has to be supplied to the rope, or to

prevent slipping where brakes are employed to regu-
late the speed, in which case the brake wheel or

drum would be attached to the upper side of the grip

pulley.

The rope employed is a T inch diameter steel

plough rope made at the California Wire Works from

special steel obtained from Germany, giving a tensile

strength of 300,000 Ibs., or about 133 tons 18f cwt.

per square inch.* The carrier frames or hangers are

secured to the rope by means of a type of carrier box

or fastening, known as the Hallidie clip, a description
of which has been already given.f

The transport of this rope was, owing to the

rugged nature of the country to be traversed, a matter

* Tensile strength given in the paper, which seems to be

excessively high.

t See pp. 25-27.
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of very serious difficulty. It was accomplished by
dividing the rope into ten lengths, each length made

up into seven coils, with an intermediate length of 10

feet, and each of the coils in each length was loaded

upon the back of a mule, the entire train being com-

posed of seventy mules, and three men being provided
to each seven mules, or thirty men altogether.

In transporting a wire rope in this manner the coils

should be made up as small as possible, say not over

24 inches, so as to enable them to be secured to the

pack saddles.

During the conveyance of the section of rope to the

upper terminal an accident occurred which was pro-
ductive of very considerable delay, and demonstrated

the difficulties attendant upon the operation. The
head mule, at a point where a rise immediately fol-

lowed a steep descent, started to take the rise with

a rush until checked by the rope, which threw him
backwards over the bank, he taking two other mules

with him, and had not the last of these caught on a

tree, the rest of the train would have followed. The

path being cut out of the mountain side, and so

narrow as not to admit of turning a mule, or even of

unloading its pack, the coils which had gone over the

bluff were fished up, uncoiled, and carried a quarter
of a mile by hand. The rope was, however, badly
kinked through the mishap.

This kinking of the rope is indeed one of the chief

dangers to which this method of transport renders it

liable, the parts thus damaged being usually the inter-

vening lengths between the mules. The result of a

bad kink in the rope is that the wires of the strands

on the concave side of it will shortly give out when
in use.

Screw-down brakes were employed upon this line
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at first, but were found most inconvenient in use, and

were afterwards successfully replaced by lever ones.

The splices of the rope commenced to give way after

two years' work at points where the two metal strands

were tucked into the rope to take the place of the

hemp core or heart.

To climb up to the wire rope-way a rope ladder was

used, which was brought into position by passing it

over the line at the nearest support, and sliding it

along the rope or cable until in the proper position,

swinging it over any intervening carriers.

The reason why the rope wore out at the splices is

considered to be because in a rope of seven wire strands

there exists at the splice a spot of about 1 inch in

length at a point just above and below where two

steel strands are inserted into the core, and take the

place of the hemp core or heart, where the rope will

have seven instead of six strands at the circumference,

thus making the diameter greater. There being like-

wise a portion of about 1^ inch or 2 inches with

no core or heart at all, and the outside strands

being there unsupported centrally, they become

crushed into the cavity, thus exposing other strands

to extra wear.

For lubricating purposes, Swedish tar mixed with

boiled linseed oil was first employed, applied on the

rope once a week in the usual manner. This was

found, however, both inefficient and expensive. It

did not penetrate the rope, but became hardened and

baked, by the heat of the sun, on the rim of the

sheaves or pulleys, giving no protection to either rope
or sheaves. Better results were obtained with the same

lubricating material by letting it drop continuously
over the rope at the rate of about one drop per minute,

by which means the rope and sheaves were enabled to
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retain a slight coating. At the best, however, tar was
found to be but a poor lubricant under exposure to

the sun, the heat taking up what little lubricating

properties it possessed. The tar did not penetrate
the rope, and much wear from friction of the wires

was found to take place between the strands, owing
to the bending whilst passing over the pulleys or

sheaves.

The substitution of black West Virginia oil, applied

by means of an automatic lubricator, was found to

give first-rate results, and after four months the rope
was found to be thoroughly saturated with the oil,

and after six months the Manilla hemp core was

found to have been preserved by the oil. After two

years' use of this lubricant the rope showed but little

signs of wear.

With the tar and linseed oil mixture applied weekly
the tops of the rims of the sheaves had to be cut

down at some points on the line every month
;
when

applied by continuous drops they only required to be

turned down once in every four months
;
w^hilst when

black West Virginia oil was applied, the rims only

required to be so treated every six or seven months.

The grips on the terminal sheaves also showed less

wear in the latter case.

The outlay on the work was as follows :

Cost of construction of upper terminal - <39 10

lower 44 10

intermediate terminal 300

Sundries, stretching rope, &c. - 52

Total cost of construction - .436

Cost of rope-way material - 3,168

Opening roads, ifec. 373

Total for rope-way in working order 3,977
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As regards the cost of transport, this was found to

be reduced by about three-fourths by the use of the

rope-way ; 5,100 cords of wood delivered to the mill

as fuel costing before the existence of the rope-way

12,670, whilst 5,900 cords delivered by the rope-way

only cost 3,392 a saving of 9,278, and an additional

supply of 800 cords of wood, being thus effected by
the use of the latter.

Installation as a Pier at the Cape de
Verde Islands.

The following is a description of another installa-

tion on the running-rope S3^stem, erected in the Cape
de Verde Islands, at Messrs Cory Brothers & Co.'s

Coal Depot.*
The total length of this line, which ,is illustrated in

Figs. 94, 95, and 96 in plan and elevations, is 1,200

feet, of which length about 960 feet extend along the

beach, and about 240 feet at right angles to the longer
section to the end of the pier, where the coal is received

and despatched.
The rope-way was required to be able to carry

15 tons per hour in either direction, and the motion

of the rope to be utilised in working cranes at each

terminal for raising or lowering coal.

The coal is brought to the pier in bulk in barges
from the colliers, and the buckets of the aerial or wire

rope-way are lowered into the barges by a crane, and

when filled are again raised, and sent off on the wireO '

rope-way to the depot at its farther end, where a

quantity of about 10,000 tons is usually stored.

* A full description of this installation, which was designed by
Mr W. H. Carrington, M.I.C.E., Consulting Engineer to Messrs

Bullivant k Co. Ltd., will be found in the Minutes of Proceedings

of the Institution of Civil Engineers, vol. Ixv., pp. 299-309.
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To supply the steamers calling at the island, the
coal is filled at the store into bags holding 2 cwt. each,
which bags are raised by a crane to the level of the

FIGS. 94, 95, and 96. Installation as a Pier at the Cape de Verde
Islands : Plan and Elevations.

wire rope-way, and are carried by it back to the barges
at the end of the pier.

The driving gear with its steam engine is placed at

the point where the two sections of the wire rope-way
meet at right angles. It consists of a massive wooden

8
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frame, carrying an upright shaft fitted at its upper
end with two drums, each 8 feet in diameter, lying
one on the top of the other, the ropes of the sections

passing round these two drums, and being driven by
them. At the lower end of the vertical shaft bevel

gear is fixed, by which the motion of the steam engine
is communicated to the drums. The steam engine by
which the requisite power is supplied is one of 16

horse-power nominal, having two cylinders and a

surface condenser. The boiler is of the horizontal

multitubular type, working at a pressure of 60 Ibs. per

square inch. The usual shunt rails allow the loads to

pass round the angle which is formed at this point.
The terminal at the end of the shorter section on

the pier-head carries the horizontal drum round which

the tramway rope passes, and a long horseshoe-shaped
rail. On this frame is also mounted a crane, having
a radius of 17 feet, and worked by shafting from the

engine. This crane is manipulated by a friction

clutch, actuated through a lever on the top of the

frame, on which the driver stands, from which position
he has a clear view of the work going on below. Four
carrier buckets or receptacles, each holding 2|- cwt.,

are lifted at a speed of 80 feet per minute, and are

deposited on to a deck alongside the terminal frame.

These buckets or receptacles are then pushed singly
down an inclined plane, the arrangement being such

that they engage themselves on the hangers, which,
with their saddles, carry them on the line rope. In a

similar way the empty buckets or receptacles arriving,
or the sacks for delivery, are detached and lowered

into the barge.
The terminal at the end of the longer section at

the coal store is placed on a wooden platform, shown
in elevation in Fig. 94, about 20 feet above the ground,
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and 120 feet long. At the end of this platform,
situated the farthest from the driving station, is placed
a horizontal drum 8 feet in diameter, carried on a

strong wooden frame, round which drum the line rope

passes, and which can be drawn back when required
to take up any extension. The motion of the rope
actuates the drum, which by a pair of bevel wheels

turns a square shaft extending along the centre of the

platform for its whole length. A crane of similar

construction to that on the pier-head is placed on this

platform in front of the terminal, and can be moved
from end to end, deriving motion from the line rope

through the square shaft at any point. The jib of

this crane is long enough to enable loads to be

hoisted on either side of the platform, and to be

put down just behind the travelling shunt frame,

which stands about 15 feet in front of the crane,

and which is arranged to slide up and down the full

length of the platform in conjunction with it.

Thus the sacks of coal, having been raised from the

ground, are placed at the foot of the shunt stage,

by which they are, having been first hung on the

hangers, pushed on to the moving rope, and trans-

ported to the pier.

When coal is being brought to the store, it is

tipped into an inclined shoot out of the buckets while

they hang on the rail of the moving shunt.

It will be seen from the arrangements above

described that the coal can be hoisted out of the

barge at the pier-head, transported to the terminal

depot, and delivered into the store, where it is duly

put into sacks for re-delivery to steamers ;
and when

this is required, the sacks of coal can be lifted up to

the rope-way, a height of 20 feet, transported to the

pier-head, and deposited into the barges.
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The rope is supported on the longer section by
seven posts or standards, which are fixed on the

beach, and are of the usual construction, and about

15 feet high. These posts or standards carry bearing

pulleys 2 feet in diameter, grooved to fit the wire

rope, which latter is of crucible steel with a breaking
strain of 16 tons, and is run at a speed of 3^ miles

per hour.

This rope-way, though it was only designed to lift

and carry 15 tons per hour, has on emergencies con-

veyed more than 25 tons in an hour.

The cost of the maintenance of the rope has been

a halfpenny per ton carried, and that of the machinery
also a halfpenny per ton, the chief item in the latter

case being the breaking of the buckets or receptacles

by rough handling. The cost of labour has been

one penny per ton handled, including tipping the coal

into the store, and attending the engine. The cost of

working the crane and filling the buckets or receptacles
in the barge has been about five-eighths of a penny
per ton, the boiler for supplying steam to the engine

consuming 7 cwt. of coal per twelve hours.

The complete cost of the above installation erected

on the spot, but exclusive of freight and customs duty,
was about 2,500, including the large staging at the

depot and the whole of the woodwork. The erection

on the site occupied three months.

Installations as Piers in New Zealand.

A pier wire rope-w
j

ay, designed by the same

engineer, was constructed at Russel, Bay of Islands,

New Zealand, the short section of the line running
for about 3,600 feet out into the bay, and the main
line from the pier to the mines on the mainland being
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about 1 mile in length. The terminal at the head of

the pier is erected upon an old hulk which is securely
moored in position.

<D

I

The carrying capacity of this line is about 50

tons of manganese ore daily, with a motive power of

6-horse.
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Figs. 97 and 98 show two other arrangements of

wire rope-ways on the running or endless rope system

arranged as piers, the constructive details of which are

FIG. 99. Installation at Quarries at Emborough : View along the Line.

practically similar to those already described, modified

where necessary, however, to meet the different require-

ments of each particular case.
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Installation at Quartz and Granite Quarries
at Emborough.

Another installation on the Carrington running

or endless rope system designed by Messrs Bullivant

& Co. Ltd., and erected at the Emborough Quartzite

Quarries for conveying broken granite and quartz
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from a new seam to the crushers, is illustrated in Figs.
99 and 100, the first figure showing a view along the

line with the carriers coming and going, and the

second figure being a view showing the arrangement
of one of the terminals and a portion of the line.

The length of this wire rope-way is 3,500 feet

and its capacity 25 tons per hour, the weight of the

individual loads being 5 cwt. The standards or

trestles and terminal frames are constructed of steel,

and the longest span is one of 775 feet. Motive

power is produced by a Tangye engine, and the

carrier buckets are loaded from a hopper through
chutes.

Installation at a Stone Quarry in India.

Fig. 101 shows diagrammatically in plan and section

a wire rope -way or cable-way on the Carrington

running or endless rope system erected at a quarry in

Madras, India, for the carriage of concrete material.

This wire rope-way, which has a total length of 15,600

feet, or nearly 3 miles, was supplied to the order of the

Indian Government, for the purpose of carrying about

100 to 150 tons of material per working day, for the

purpose of constructing a large concrete dam in a

very out-of-the-way situation in Madras.

This installation affords a good example of the

facility with which a line on the endless-rope system
can be made to pass angles of any degree, and admits

of surmounting certain constructive difficulties that

would prove very difficult to overcome, if not fatal,

in the case of any other arrangement.
In the present example, as will be seen from the

plan, the line passes three angles varying from 157

to 169, and, as will be seen from the section, over

inclines varying from 1 in 3 to 1 in 4.
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Another feature is that the driving power is water,

which was found attainable at a point about half-way
between the terminals of the line.

The entire line was erected on the spot by native

workmen.
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Installation at a Cement Works in Brazil.

Fig. 102 shows in section a wire rope-way installation

^F 999 JLHoiSTHi/161

on the Carrington running or endless rope system put up
in connection with a cement works at Jundiahy, Brazil.
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The extreme length of this line is 8,961 feet, or

about 17 mile, and it is capable of transporting some
100 tons of cement in bags per working day of ten

hours.

The line passes over extremely rough ground, and

changes its direction in two places. At a number of

parts the incline is 1 in 3*5, and there are spans of

500 feet.

The bags of cement are carried in water-tight cases

made of galvanised iron, and so constructed as to

turn over on the release of a catch. The necessary
motive power to work the line is provided in this

instance by a 14 horse-power engine of the semi-

portable type.
This line affords an excellent example, as will be

seen from an examination of the section, of the

maximum spans and severe inclines which can be

satisfactorily worked with wire rope -ways on this

system.

Installation at a Barytes Mine in Cumberland.

Fig. 103 is a sectional view illustrating a short wire

rope-way erected at a barytes mine in Cumberland
for the purpose of conveying the mineral from the

mine, which is located on the flank of a hill, to the

mill and dressing floors, which are situated at its foot,

at which latter point water-power is available.

The total length of the line is 984 feet, and the

difference of level between the mill and the mine is

556 feet, the average incline being 1 in 5.

The water wheel which provides the power for

driving the mill also serves for supplying that

necessary for working the rope-way, all the power,

however, that is required for the latter purpose being
a sufficient amount to act as a means of governing the
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speed and controlling it, as the loaded carriers run

down by gravity. The situation of the line and the

character of the incline over which it is worked are

shown approximately in the illustration.

The carrying capacity of this wire rope-way is 1 00

tons per day.
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Installation at a Print Works in Lancashire.

Fig. 104 is a sectional view showing an installation,

on the Carrington running or endless rope system, at a

print works in Lancashire. The construction of the box

carriers for the textile goods, w
rhich usually hold about

120 Ibs. each, has been already shown in Fig. 51.*

A number of lines of the above description have

been running successfully for a great many years at

print w^orks in various parts of the country.
The following are some further examples of

installations, on the same running or endless rope

system as the preceding, that have been erected at

manure, chemical, linoleum, and other works.

Installation at an Artificial Manure Works
near London.

Fig. 105 is a sectional view showing an installation

of wire rope-way on the running or endless rope

system, erected at an artificial manure works.

The illustrations in both this and the following ex-

amples, although only diagrammatical, are sufficiently

explanatory to show the general arrangement of the

lines, the constructional details being, as already

mentioned, similar to those already given.

Installation at a Chemical Works in

Northumberland.

Fig. 106 is a sectional diagram showing the disposi-
tion of a wire rope-way on the running-rope system
about 1,500 feet in length, erected at a chemical works
in Newcastle-on-Tyrie, Northumberland.

This line, as will be seen from the illustration,

passes throughout its course over buildings, dwelling-
* See p. 60.
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houses, and yards full of workmen. It starts from a

point near the centre of the works, close to the spot

-s a
.2

S g
,3 ^

at which the refuse or waste material is produced
which it is desired to remove by means of the rope-

way. The line first rises at an incline of about 1 in



INSTALLATIONS ON RUNNING-ROPE SYSTEM 12?

10 over intervening sheds, passes close over the

buildings containing the coopers' workshops, and then

descends until it reaches the terminus on the bank

of the River Tyne, where a staging about 30 feet in

height is provided on the quay side, from which the

refuse material or waste product can be emptied into

barges lying in the river.

The engine for supplying the motive power is

placed upon the above-mentioned staging.

The carrier buckets or receptacles for the refuse or

waste product contain about 3^ cwt. each, and the

carrying capacity of the line is about 120 tons per

working day.
This wire rope -way was run, transporting the

above amount of material daily, for about eight years,

when the works were closed.

Installation at a Mill in Yorkshire.

Fig. 107 is a similar viewT to the last, showing an

installation on the running-rope system at a mill in

Huddersfield, Yorkshire.

This wire rope-way, which is about 900 feet in

length, is used for the purpose of transporting coal

from a coal mine belonging to the company to their

boiler house, where four large boilers are supplied.

The coal is conveyed in carrier buckets, which

contain 1 cwt. each, and which are filled from a shoot

at the colliery. On reaching the boiler house the

loaded carriers pass from the rope on to a shunt rail

suspended from the roof, along which rail they run

over the hoppers of the mechanical stokers, one of

which is fitted to each boiler. These hoppers are

adapted to contain 2 tons each, which amount is a

supply sufficient for half a day's consumption of each
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of the boilers, and one hour's running of the rope-way
is required to effect the filling of the above.

The driving gear for operating the rope-way is

located against the wall of the boiler house, 2 horse-

power being required to work the line when fully

loaded.

The cost of carriage, including renewals and labour,

has been found to be about twopence per ton trans-

ported.

Installation at a Linoleum Works in

Middlesex.

Fig. 108 is also a similar view to the preceding,

showing a short wire rope-way on the running-rope

system of about 600 feet in length, erected at a

linoleum works near Staines, Middlesex, where it is

used for the conveyance of coal from the railway siding

up to the upper floor of one of the workshops, from

which it is shot into the adjacent boiler houses.

During its course this line passes over a river and

many of the workshops and roofs. The incline is

about 1 in 5, and the coal is carried in loads of lj cwt.

Motive power is in this instance water, and is

supplied by means of a turbine which also serves for

driving other machinery.

Installations on Sugar Plantations.

The usual arrangement adopted on sugar-cane

plantations in Demerara, Jamaica, Mauritius, Mar-

tinique, St Kitts, Guatemala, Australia, &c., will be

readily understood from the arrangements diagram
-

matically illustrated in Figs. 109, 110, 111, 112, and

113 in plans and elevations.

These lines are usually driven by power, that of the

cane mill being generally utilised, but in some cases
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they are run by gravity. The canes are deposited
from the carriers, a description and illustration of

which has been previously given,* at the mill, and

IP

1

II

loading can be effected at any point on the line by
means of the travelling shunt shown in elevation

and plan in Fig. 109.

* See p. 61

9
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The plan view, Fig. 112, shows an arrangement
in which several wire rope-ways driven from the same

point are arranged to discharge on the same cane carrier,

and is one extensively adopted in the Mauritius.

Fig. 113 shows a portion of a line and of a simple
form of post or standard for an endless running rope-

way for carrying sugar cane, in side and end elevation.

A large number of installations of these wire rope-

ways for the carriage of sugar cane are at work in the

island of Mauritius alone, the lines varying in length
from 1 mile to 4 miles, and

transporting from 100 to

200 tons of sugar cane per

working day.
A great advantage

which this system of car-

riage by wire rope-ways
affords is, that the canes

are delivered in a continu-

ous stream direct on to the

cane carriers, and in quan-
tities that are at no time

FIG. 112. installation on a Sugar large enough to demand
Plantation: Junction of Three T. , .-, ,. . P -,.

Lines redistribution in feeding the

mill, the small individual

loads of about 2 cwt. of canes each following one

another in rapid succession, so that the quantity
delivered can be easily regulated to a nicety by the

man engaged in discharging the carriers.

Further advantages derivable from the system
are : That canes can be brought from different parts
of an estate by one or more wire rope-ways, thereby

admitting of readily mixing different lots of canes

previous to crushing in the mill. The canes can be

transported over other growing or unripe canes, as
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well as across any rivers or canals or other obstruc-

tions lying in the route. The earth is not in any way
beaten down as is the case through
the treading of mules, horses, or oxen,

and the passage of carts, when cart-

ing is resorted to, or even with the

use of portable ground tramways, or

railways, and canes can be brought,

moreover, from estates lying on high

ground which are inaccessible to ordi-

nary roads, thereby rendering valuable

land which would otherwise be practi-

cally useless. Cane can be carried

more cheaply than by carting, one

man being sufficient to discharge up
to 150 tons of cane per ten hours, and

besides those loading the cane carriers

or hangers one man only is required
at the despatching terminus.

In many cases it is found to be

convenient to employ a combination

of cartage with wire rope-way trans-

port, the canes being brought to

certain points along the line by the

carts, at which points they are loaded

and forwarded to the mill on the

wire rope-way.

Installation at the Custom
House in Mauritius.

A wire rope-way on the endless

or running-rope system : of 3,000

feet in length, the longest span being one of 600 feet,

is at work at Port Louis in ihe island of Mauritius
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for the carriage of bags of sugar and puncheons of

rum to the Custom House.

Loads up to 600 Ibs. in weight are transported on

this line.

Installation on a Beetroot Farm in Holland.

On large beetroot farms wire rope-ways are

extensively used for carrying off the crops and

delivering them to points from which they can be

despatched either by rail or ship to the sugar factories.

A good example of an installation of this descrip-

tion is to be found in one designed for the Netherlands

Land Enclosure Company for carrying the crops, and

for the conveyance of other materials on their estate

at Fort Bath, which consists of land that has been

reclaimed from the sea.

This line is about 1 mile in length, and has a

carrying capacity of 50 tons daily, the produce being

conveyed in baskets containing about 100 Ibs. each.

The power is supplied by a 6 horse-power portable

engine.
The line is so constructed that it can be taken

down and put up again in a fresh place in one day,

by the aid of twenty men, provided the distance to

cart the materials composing the rope-way does not

exceed 5 miles.



CHAPTER V

EXAMPLES OF INSTALLATIONS OF WIRE ROPE-WAYS ON THE FIXED

CARRYING-ROPE SYSTEM AT : SUGAR PLANTATION IN AUSTRALIA
CHALK PITS IN FRANCE MINES IN SPAIN FURNACES IN

BELGIUM SAW MILLS IN SCOTLAND BLAST FURNACES IN

HUNGARY CEMENT WORKS IN FRANCE LEAD MINES IN

FRANCE GAS WORKS, LONDON SAW MILLS IN ITALY

ITALIAN ALPS FORTIFICATIONS, GIBRALTAR WATER WORKS,
CAPE TOWN PIER IN SOUTH AFRICA SUGAR FACTORY, HONG
KONG MINE IN JAPAN TELPHER SYSTEM IN SOMERSETSHIRE
AND SUSSEX TELPHER SYSTEM IN AMERICA.

Installation on Sugar Plantation in Australia.

FIG. 114 is a view from the loading station of a

wire rope-way on the fixed-rope system, worked by
gravity, on a sugar plantation in Australia. The line

consists of a single span 5,016 feet long w
Tith a 540 feet

drop to cane punts in the river below, the capacity

being 5 tons of sugar cane per hour, the individual

loads being 2 cwt.o
Wire rope-ways of this type operated by gravity,

and where the loaded carriers are suspended from trucks

or runners and are allowed to run down at a high speed
on a fixed rope, are known as shoots

; they are appli-
cable with advantage wherever the nature of the

ground admits of this method of working. The loads

may be from 1 cwt. to 4 cwt., and spans up to 7,000
feet can be worked without intermediate support. The
loads being suspended from runners which are allowed

to run down the carrying rope uncontrolled, some

arrangement is provided for breaking the shock of the
133
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arriving load. The speed of the runners as they

approach the lower terminal, can be regulated by

adjusting the sag ot the carrying rope, and the

breaking or cushioning of the shock may be effected
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by a crude arrangement of a heap of brushwood or

other suitable material at the lower terminal, or a

more complicated arrangement of buffer may be

provided. In the above installation a buffer for

breaking the blow of the arriving bundles of canes

and a curved shunt for conveying them over a

punt in the river are provided.

Installation at Chalk Pits in France.

A simple system of aerial transport by wire ropes
on the fixed carrying-rope system is described by
A. Hauet,* which is said to have been in use for about

thirty years at the chalk pits near Paris for conveying
the chalk for short distances of from 500 to 820 feet

in length.
Two carrier wire ropes, f inch in diameter each,

are arranged parallel to each other, and act as ways
or lines, the one for the ascent, and the other for the

descent. These ropes are suitably secured to any
available support at one terminus, and are placed
under tension at the other terminus by the aid of a

large T-headed bolt, passed through a block of timber

held by an anchor carriage, constructed of angle-iron
and of wrought-iron plate, and heavily loaded.

The load is suspended from each of the carrier

ropes or cables by means of a truck or traveller

having a frame of triangular form, in which are

mounted two 8-inch grooved pulleys adapted to run

upon the rope, a suspension hook being provided for

the attachment of the carrier receptacle.

An endless wire rope of f inch to
|-

inch in

diameter, according to the load to be dealt with,

* See Revue Generate des Chemins de fer, October 1888, p. 227,

for further particulars,
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and running on grooved pulleys of 4 feet diameter

mounted at the ends of the line, is connected to this

apparatus through a short length of chain. The
carrier receptacles or buckets provided for con-

veying the materials have a capacity of from 3|- to

5 cubic feet.

The loaded carriers descend by gravitation, carrying
with them the endless hauling rope which draws up
the empty buckets. A friction wooden brake block,

or when the gradient exceeds 15 per cent., a steel

brake, serves to arrest the motion when the carriers

arrive at their destination.

Inclines of from 30 to 40 per cent., it is stated, are

easily successfully worked on this plan.

Installation at Mines in Spain.

A wire rope-way erected between Garrucha and

Serena de Bedar in Almeria, south-east of Spain, on

the Bleichert-Otto system of fixed carrying rope, was

at the time of construction the most important installa-

tion of this particular description in existence, and is

even now one of great interest. This wire rope-way
was constructed for transporting iron ore from the

mines at Serena de Bedar to the Mediterranean coast

at Garrucha, the total length being 9^ miles.

The line is divided into four sections, the first two

of which are 1'40 and 3 '2 9 miles long respectively, and

are worked by means of an engine of 30 horse-power ;

the two second sections are 3*29 and 2*8 miles long

respectively, and are driven by an engine of 70 horse-

power.
The carrying ropes are firmly anchored at the

terminal stations to large blocks of masonry, and are

maintained taut by means of tension weights provided
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at the angle stations, as shown in Figs. 115 and 116,
which represents the Puerto del Coronel power and

FIGS. 115 and 116. Installation at Mines in Spain : Power and Angle
Station Plan and Sectional Elevation.

angle station in plan and sectional elevation. The

arrangement of the shunt rails of this angle station,

together with the hauling engine, are shown in plan
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and elevation in these figures and in the sectional views,

Figs. 117 and 118.

In operation on the arrival of the carrier buckets

at an angle station they are automatically disengaged
from the hauling rope, switched on to the shunt rails,

and run round by hand to the carrying rope on the

FIGS. 117 and 118. Installation at Mines in Spain : Power and Angle
Station Sections.

next section of the line, where they are again attached

to the hauling rope and despatched in a new direc-

tion.

The driving is effected by belt gearing which

transmits the power to two large grooved pulleys
7 feet 3 inches in diameter, lined with leather, around

which the hauling rope is coiled several times. Tension
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weights and pulleys similar to those employed for the

carrying ropes are used for keeping the hauling rope
taut.

The loading station is at Serena, which is situated

at an altitude of 905 feet 'above the sea-level, and after

leaving this station the line crosses a number of deep

valleys, one of which is over half a mile wide and 328

feet in depth, and it traverses mountain ridges, the

highest of which is 1,174 feet above the sea-level, to

the village of Pendar de Bedar, where, at an elevation

of 951 feet above the sea-level, the first power station

is located.

From the latter place the line deflects to the right,

and again passes over several valleys and ridges, with

a gradual descent to an angle station 370 feet above

the sea-level. It then bears to the left, extending
over a more or less hilly country to the second power
station near Puerto del Coronel.

From the second power station the line turns to

the right, and descends at an easy gradient to the

unloading station on the coast, which is located near

the town of Garrucha.

The longest span of the line is that near the Villa

Reforma, which is 918 feet in width, with a sag of the

rope of 65 feet, and on which six loaded and six empty
carriers are supported at a time. The next longest

spans of the line range from 328 to 750 feet; the

average distance between the supports, however, is

only about 130 feet.

The steepest gradient, taking into account the sag
of the rope, is 1 in 2j, and the tallest standard is 118

feet in height.
The carrying rope for the loaded side is ly

5
^ inch

in diameter, and that for the unloaded side 1 inch in

diameter. The hauling rope is f inch in diameter, and
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is provided at proper intervals with star knots* to

engage with pawl grips, f

The posts or standards employed are of the type
which has been previously illustrated.

J Fig. 119 is a

perspective view of a portion of the rope-way showing
the arrangement of the line and the carriers coming
and going.

Storage bins of an aggregate capacity of 800 tons

are provided at the loading station, from which bins the

ore is spouted into the carrier buckets or receptacles.

FIG. 119. Installation at Mines in Spain : Portion of Line.

The unloading station at the coast is 150 feet in

length, by 50 feet in width, and is elevated 32 feet

above the ground level. It has a storage capacity of

from 18,000 to 20,000 tons, so that from four to six

vessels can be loaded at a time.

At the various stations sidings are arranged for

* For a description and illustration of these knots, see p. 46.

f For a description and illustration of these pawl grips, see

pp. 50-53.

J See pp. 14, 15, Figs. 1 and 2.



INSTALLATIONS ON FIXED-ROPE SYSTEM 141

stocking empty carriers from the different sections of

the line.

The stations are all connected together by tele-

phone, and a system of electric signalling is used.

The engine and boiler houses are solidly built, and are

large enough to be used as repairing shops.
The guaranteed capacity of this line is 400 tons

per working day of ten hours. With, however, a

travelling rate of 300 feet per minute, or about 3j
miles an hour, and with two carriers having buckets

of 7 cwt. capacity each arriving per minute, or say

1,200 buckets per day of ten hours, the actual quantity
carried by this line in a working day of ten hours would

be 420 tons, making its capacity 4,095 ton-miles.

Owing to a large demand for Bedar ore, the line has

been worked in two shifts of eight hours, and no less than

900 tons per day have been transported to the coast.

The complete cost of the line is said to have been

26,000, and it was surveyed, constructed, and ready
for work within ten months, the constructor of the

line, J. Pohlig, of Cologne, contracting to work and

keep the rope-way in repair for a number of years at

the rate of 1 shilling and 2*5 pence per ton of material

carried, this price to cover all the costs of labour,

maintenance, and repairs.*

Installation at Furnaces in Belgium.

A very full description of an installation of the

Beer arrangement of wire rope-way on the fixed

carrying-rope principle, at the Seraing furnaces of the

* E. H. Davies'
"
Machinery for Metalliferous Mines "

(London :

Crosby Lockwood & Son), where (at p. 514) Mr Davies acknow-

ledges his indebtedness to Commans & Co., of London, the English

representatives of the makers, for some of the information supplied.

See also British Patent, Otto, No. 7,507, 1887.
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Esperance-Longdoz Company, is given in the Revue

Universelle des Mines,* from which the following

particulars are abridged.
The starting point of the line is situated 1 1 feet 6

inches above the ground level, and the point of delivery
is at a height of 160 feet above the starting point.

The carrying rope for the loaded carriers is 1^ inch

in diameter, and is composed of nineteen wires, each

wire J inch in diameter, and arranged one in the centre,

six intermediate, and twelve on the exterior. The

weight of this rope is 2 If Ibs. per fathom, and its

theoretical breaking strain 37 tons, the actual breaking
strain being, however, appreciably less. It is strained

and kept taut in use by a counterpoise of 5 tons 18

cwt.

The carrying rope for the empty carriers is 1 sV inch

in diameter, and is also composed of nineteen similarly

arranged wires to those of the above rope, but each of

which wires is only A inch full in diameter. This rope

weighs but 12J Ibs. per fathom, and its theoretical

breaking strain is 23 tons. The counterpoise for

straining the empty line is 3 tons 18 cwt.

The hauling rope is TF inch in diameter, and is

composed of a hemp core surrounded by six strands

each composed of twelve wires of iV inch in diameter.

It weighs 4^- Ibs. per fathom, and has a theoretical

breaking strain of 14 tons 18 cwt. The counterpoise
for keeping the hauling rope taut weighs 1 ton 19 cwt.

The joints of the carrying ropes are made in two

ways. The one by inserting each end into a slightly

conical sleeve, somewhat separating the wires, and

brazing them to the sleeve with a special solder. The

* "On the Beer System of Wire Rope-Ways,'
;

by Charles

liaoult, Engineer to the Beer Engineering and Foundry Company,
Revue, Universelle des Mines, 3rd series, vol. iii., 1888, p. 49.
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larger or adjacent ends of each pair of these sleeves

are tapped with a right and left handed thread re-

spectively, and they are coupled together by means of

a right and left handed screw-threaded plug.
The other method consists of separating and wedg-

ing the wires into the sleeve instead of soldering.
This wedging is effected first by three curved wedges

forming conjointly a feather-edged tube or ferrule

between the outer and intermediate layers of wires,

and next by a smaller solid conical ferrule between

the intermediate layer and the central wire, which last

wedge piece is screwed at the end and secured by a

nut.

A series of tests to which this latter coupling was

subjected showed that, although a load of 30*1 tons

ruptured all the wires, none of them were drawn out

of the sleeve, but all were broken externally, and the

joints themselves remained uninjured.
The hauling rope is endless, the two extremities

being spliced together, and, in the case of lines where

the gradients are slight, the carrier skips or buckets

may be attached to it at any point by a simple friction

clip easily engaged and disengaged. In the installation

under consideration, however, where the gradients are

of some severity, carrier collars or knots are fixed on

the hauling rope to engage with locking grips on the

carrier frames or hangers, which grips are automati-

cally released by coming in contact with a fixed tripper

bar or rail at each end of their travel. The carrier

collars employed are formed in halves dovetailed

together so that they can be slipped on anywhere on

the hauling rope, and secured with a small rivet with

countersunk heads, by which it is claimed to avoid

the injurious effect of solder on the rope, and the

necessity of cutting and splicing the latter at each



144 AERIAL OR WIRE ROPE-WAYS

point where a collar has to be fixed, as is necessary
when solid thimbles or carrier collars are used.

These carrier collars are 1J inches in external diameter,
and If inches in length, and they are fixed on the

rope at intervals of 228 feet apart, and when loaded

with a weight of 2 tons, and tested by repeated blows

of a hammer, no sensible displacement of one of the

carrier collars was found to have been effected.

It has been found in practical working desirable to

change the position of the carrier collars from time to

time so as to equalise the wear on the rope.
The hauling rope is driven by a 9 horse-power

vertical engine placed under the platform at the

loading or starting station. The crank shaft carries a

pinion 8 inches in diameter, and making 120 revolu-

tions per minute, which pinion meshes with a spur
wheel 7 feet 6 inches in diameter, keyed on the

driving drum shaft, and the driving drum or pulley
has two grooves lagged with wood. The hauling rope
is passed twice round the driving drum or pulley, and

once round a single grooved idle pulley placed above

the latter in the same vertical plane, and it is then led

away horizontally over two guide pulleys. The return

pulley at the discharging station is movably mounted

and weighted to keep the rope taut, the counterbalance

being, as before mentioned, 1 ton 19 cwt.

At each station a fixed rail is provided on to which

the carriers can be shunted, so as to be passed, in the

one case, round the return pulley, and in the other

round the receiving hopper, for charging. Movable

switches are also provided at the starting station to

admit of the carriers being removed for repairs, &c.

The travelling speed of the carriers is about 2^
miles per hour.

A fact which has been specially noticed during the
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working of this line is that the hauling rope constantly
revolves on its own axis, and always in the same
direction.

The discharging station consists of a platform 66

feet high, carried on a light but very substantial

framing steadied by guy ropes.

Three intermediate supports or standards are pro-

vided, which consist of wrought-iron lattice posts
bolted to masonry foundations, the highest being 72

feet. Each standard is provided with two crossbars

for supporting the carrying and hauling ropes, which

are placed one above the other in the same vertical

plane. The hauling rope is simply carried on grooved

pulleys, but the plan adopted for supporting the

carrying ropes is a more complicated arrangement,
as by reason of the variations of temperature, and

of changes in the positions of the loaded carriers,

they are found to have an endwise movement to

and fro of 10 inches or more. If the creeping move-

ment of the two carrying ropes be in the same

direction, it is found to tend to overturn the support-

ing posts or standards, and if in opposite directions,

to twist them.

When the carrying ropes are arranged to merely
slide on their supports, they soon become set fast, no

matter how well they may be kept greased ;
if they

are carried on simple pulleys, they soon show signs
of wear from want of sufficiently extended bearing
surfaces

;
if mounted on blocks or carriages carried

on small wheels, the blocks or carriages are found

to work themselves to the one or other end of their

track or path, and to stick there. To overcome

these objections the carrying ropes are, in the Beer

system, supported on properly formed blocks mounted

on pendulum rods having free endwise motion, but

10
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prevented from oscillating sideways by quadrant-

shaped guides.

During work a quarter turn over is given to the

carrying ropes from time to time, so that all sides of

the ropes may be equally worn.

The working staff on this line consists of five

persons an engine and machinery attendant, a filler,

and a hooker-on at the starting point, a boy to tip the

carrier buckets or skips, and a hooker-on at the

delivery point.

The capacity of the line is 130 tons of material

transported to a distance of 900 feet per working day
of ten hours.

The installation is stated to effect a saving of 66o

per cent, as compared with the system previously

employed.

Installation at a Saw Mills in Scotland.

A wire rope-way on the Carrington double fixed

carrying-rope system, in which one carrier on each

rope is arranged to travel in an opposite direction, and

is controlled by an endless hauling rope, is illustrated

in Figs. 120 and 121. The line, designed and con-

structed by Bullivant & Co. Ltd., is used for carry-

ing lengths of sawn timber from a saw mills situated

in Farley Forest, Beauly, N.B., to a siding on the

Highland Railway. Fig. 120 is a view along the line,

the standard in the foreground showing very clearly
the method of construction adopted. Fig. 121 is a

view of the upper terminal at the saw mills, showing
one of the carriers loaded and about to start on its

journey to the discharging station.

The length of the line is 1 mile, and the upper
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or loading station is 540 feet above the discharging
station. The rope-way is operated principally by
gravity assisted by a small steam engine, and it has

a capacity of 40 tons per day, the weight of the
individual loads being 1 ton, and consisting of 9-feet

and 12-feet lengths of sawn timber.
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The terminals at the loading and discharging

stations are constructed mainly of sawn timber, the

standards as will be seen from the illustration, Fig.

120 being of the same material, and of the four-

legged pattern, and ladders at the sides are provided

for affording access to the upper parts.
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Installation at Blast Furnaces in Hungary.

An installation on the Obach fixed-rope system of

wire rope-way was constructed a number of years back

in connection with the blast furnaces at Vajdahunyad,

Hungary, which is known as the great Transylvanian
wire rope-way,* and was at the time of construction

about the largest example of this kind of traction in

existence.

Obach uses two fixed carrying ropes, and an endless

hauling rope passing over horizontal guide pulleys at

each end, one of which serves as a strainer, and the

other of which is driven by a steam or other motor.

The total length of the line in question is 100,203'21

feet, or nearly 10 miles, and the total fall 2,926'503

feet. The rope-way crosses sixty hill summits and

sixty-two valleys, twenty-eight of the spans varying
from 656-16 feet to 1,571 '52 feet in width, the line

being in the latter case 810'36 feet above the bottom

of the valley. Gradients of 1 in 1^ exist in many
places. The line is divided into numerous sections.

The carrier receptacles for the charcoal are of a

capacity of about 17f cubic feet, each carrying a load

of 540 Ibs., and they are coupled to the hauling rope
so that they can be detached automatically at a station,

and run on rails to the next section, and so on, the

carrier receptacles being empty on the return journey.
The carrier receptacles for the ore have a capacity

of 750 Ibs. each, and are provided with tipping gear,

enabling them to be unloaded by one man
;
when

empty they return continuously by the opposite line.

* Oesterreichischen Zeitschrift fur Berg- und Huttenwesens, vol.

xxxii., 1884, p. 723 ;
Annales des Mines, vol. ix., 1885, p. 185

;

and Minutes of Proceedings of the Institution of Civil Engineers,

vol. Ixxx., pp. 380-382, and vol. Ixxxvi., pp. 415-417.
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The number of loaded carriers transported is one

hundred per hour, two-thirds of which bring ore and

one-third charcoal.

In the lower section of the line the gradients are

with the load, so that this portion of the line is self-

acting when fully loaded, requiring even the use of

brakes
; when, however, the down load is insufficient,

or return freight has to be carried, supplementary
steam power has to be employed.

The highest standard used on the line is 88*8 feet

in height, and is located at a point where a crossing
of 2,145*12 feet is divided into two spans of 1,0 8 2 *4

feet and 1,06272 feet. It consists of a double frame

with a saddle for supporting the carrying rope to

prevent injury from bending, and a system of rollers

for the hauling or driving rope to relieve the oblique
strain upon the carrier frame or hanger.

As a general rule the standards are constructed of

round timber, two types being employed, the one

for the heavier section of the ore line having double

posts with the line suspended from the cross-pieces

above, whilst the other for the lighter sections

has single posts with the line overhanging from

a T -piece. Wherever the standards exceed 49*21

feet in height, they are provided with diagonal wind

bracings.
The bearing or carrying ropes are supported upon

the standards in cast-iron shoes, having smooth

grooves where the pressure is light, and bearing
rollers where it is heavy. On slopes the latter are

placed on swinging bearings, so as to take the inclina-

tion of the line automatically.
The ropes used are of the best class of steel wire,

the carrying ropes being of JT inch in diameter, and

the hauling ropes of Jl inch in diameter, on the
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charcoal line, and of 1 inch diameter and f inch

diameter respectively on the ore carrying line.

The apparatus for coupling the carriers to the

hauling rope grips the stops on the latter from above,

closing by a self-acting motion which is so contrived

that it cannot be released during the journey either by
accident or design, and will pass freely over the guide
rollers, thus admitting of very wide spans with rapid

changes of slope being traversed with only a mini-

mum amount of constructive difficulty in the way of

standards.

The cost of transport on the above line is given as

approximately averaging about Is. Ifd. and Is. 2^d.

per ton per mile for ironstone and charcoal respec-

tively, including a sufficient allowance for depreciation
and interest on capital. The cost of the complete
installation was 46,000.

Installations at a Cement Works in France.

A wire rope-way used for transporting from the

top of Mount Jalla, which rises above the town of

Grenoble, in France, the material for the manufacture

of the Porte de France cements, affords another

interesting example of this mode of transport.*
The line consists of a single span of 1,970 feet in

length, and the vertical distance is 1,017 feet.

Two fixed steel wire ropes or cables are provided,
both having diameters of 177, or about If inches.

One of these ropes is anchored in the rock at the top,

and kept stretched by being wound round a drum at

the bottom, and on this line a carrier adapted to

transport about a ton load of stone is run. The

* For full description of this installation see Le Genie Civil, vol.

vii., 1885, p. 369
;
and Annales des Fonts et Chaussees, 1877, p. 390.
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second rope or cable supports another carrier which

is connected to the first carrier by an endless cable of

0709 inch in diameter, passing round a brake pulley
at the summit, and round a second pulley at the base,

which latter is secured to a loaded frame running on

four wheels up and down an inclined plane, so as to

maintain the requisite tension of the cable constant,

and regulate the motion of the carriers. It will be

seen that by reason of this arrangement the descent

of the loaded carriers is utilised to draw up the empty
carriers.

The ascent of a carrier occupies about one and a

half minute, the whole operation, including loading
and emptying, being performed in the remarkably
short time of three minutes, the travelling speed

being about 20 feet per second, or nearly 14 miles an

hour. The carrier receptacles have a capacity of

about 32 cubic feet, the boxes being slung below

hangers or frames, each having two grooved pulleys

running upon one of the fixed ropes.
This wire rope-way was erected at a cost of 620,

and is capable of delivering a supply of from 120 to

150 tons of stone per day of twelve hours to the

cement works.

A second similar line, erected a year subsequently
to the above, supplies stone to the works from a lower

quarry, the latter being, however, only 1,000 feet in

length.
At the time of erection the single span of the first

rope or cable way, which it will be seen is one of

nearly 2,000 feet, was remarkable for its length, being
in fact supposed to have been the longest then in

existence, although at the present time ones of con-

siderably more than double that length can, as has

been already mentioned, be easily negotiated.
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Installation at Lead Mines in France.

An example of an installation* on the Carrington
double fixed-rope system, interesting on account of the

physical features of the ground to be crossed, is a line

erected at the Sentein lead mines near St Girons, in

the Pyrenees, France, the details of which are shown
in Figs. 122, 123, and 124.

FIGS. 122, 123, and 124. Installation at a Lead Mine in France :

Details of Construction.

The inclines on this rope-way are five in number,
the lower terminal of one incline joining the upper
terminal of the next incline, and so on, suitable points
for these terminals being found at the ends or

sides of the spurs of the mountain near the line of

the wire rope-way.
The following are the lengths and inclinations ofo o

* See Minutes of Proceedings of the Institute of Civil Engineers,
vol. xlv., pp. 299-309.
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the sections : No. 1, 813 feet in length, with a fall of

99 feet
;
No. 2, 2,025 feet in length, with a fall of 690

feet; No. 3, 1,230 feet in length, with a fall of 270

feet; No. 4, 2,934 feet in length, with a fall of 1,290

feet; and No. 5, 1,530 feet in length, with a fall of

390 feet.

The No. 1 incline commences at the mouth of the

mine, and forms a junction with No. 2 incline at the

edge of a cliff about 300 feet high. No. 2 incline

crosses a span of 2,025 feet, and joins No. 3 incline at

an elevated point on the steep side of the mountain,
a small platform being cut out of the latter for that

purpose. No. 3 incline stretches across a deep ravine,

and effects a junction with No. 4 incline at the extreme

end of a spur of the mountain, a flat space being cut

off its pointed top, the sides shelving at an angle of

60 with the horizon. No. 4 incline spans a valley

2,934 feet across, and about 1,500 feet deep, and joins
No. 5 incline on the side of the mountain. No. 5

incline stretches thence down into the bottom of the

valley, terminating close to the cart road to the works.

These inclines are identical in principle, differing only
in length and gradient.

The lines consist of two crucible-steel fixed carrying

ropes of 7 5 tons breaking strain, anchored at the upper
end, and stretched across the space between the ter-

minals, the lower end being held by a pair of blocks

fitted with flexible steel-wire rope, by which the fixed

ropes are tightened. At each end they pass over a

massive masonry saddle, as shown in the vertical

sectional view, Fig. 124.

Fitting the tightening blocks with a long flexible

rope allows of their being slackened out enough to lie

on the ground for the purpose of repairs ;
the strain

put on them is about 12 tons.
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The carrier receptacles for the ore are made of steel

plates ; they measure about 2 feet 9 inches long by 2

feet wide and 2 feet deep, and are intended to carry
from 14 to 15 cwt. each

; they are each hung on the

fixed carrying ropes by means of a curved frame or

hanger, fitting into a pair of plates carrying between

them two deeply-grooved steel wheels 15 inches in

diameter on the treads, which fit the fixed carrying

rope. These plates also carry a small safety wheel

located under the rope, which wheel is so placed as

normally not to touch it, but which will prevent the

larger grooved wheels being jerked off the carrying

rope.
The carrier receptacles are arranged to empty by

the bottoms, the latter falling on the turning of a

handle fixed to their sides. A carrier is placed on

each of the two parallel fixed carrying ropes, and the

two carriers are connected by a light wire rope of 7

tons breaking strain, of such a length that when one

carrier is at the upper end of one rope, the other will

be at the lower end of the second rope. For example,
if one carrier be charged with 14 cwt. of ore while

standing on the upper end of one of the fixed carrying

ropes, it will run down this rope by gravity, dragging

up the empty carrier on the second fixed carrying rope

by means of the light hauling or driving rope, the

speed being governed by a powerful brake located at

the end of the incline.

This brake gear, round which the hauling or driv-

ing rope is passed, consists of two vertical drums or

wheels, 5 feet in diameter, having grooved wooden

rims, placed 5 feet apart, each wheel being fitted with

a powerful brake. The hauling rope is passed over

the first of these vertical drums or wheels, next round

a wheel 5 feet in diameter, placed horizontally in front
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at the feet of the two vertical wheels, and then round

the second vertical drum or wheel. This plan is said

to produce an adhesion to the two vertical brake

drums or wheels equal to rather more than that

derived from two half turns on these wheels. A
second hauling rope of the same size connects the

carriers by passing round a horizontal drum at the

lower end of the incline, and the latter is arranged to

be drawn back by means of a screw, to regulate the

tension on both the hauling ropes.

Owing to the great elevation at which most of the

stations are situated, the work of erection was difficult

and expensive. The conveyance of the ropes up the

mountain was especially so
;

the total weight was

about 30 tons, and the ropes had to be divided into

coils weighing 20 cwt. each, as it was found impossible
to take up a heavier weight by cart, and even then

in conveying these 20 cwt. or 1 ton coils to the upper

parts of the line five horses were required to each, and

only one coil per day could be delivered.

The transport of the machinery, carriers, &c., was

equally, if not more, difficult and expensive.
In building the masonry saddles, owing to the

frequent occurrence of frost at night, even during the

earlier part of the autumn, it was found to be impos-
sible to place reliance on the mortar used, and these

masonry saddles were therefore strengthened with

massive timber trestles, fixed round the stonework,

which assisted them in taking part of the vertical

strain. By arranging the junctions of the adjoining

sections the strain of one is made to balance to a

considerable extent that of the other, and by the

anchorage of the fixed ropes of each of these sections

to the same foundation beam, which was placed under

the saddles, and also strongly bolted down to the rock,
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the weight of the masonry is made to act to materially
increase their security.

The inclines joining one another at a horizontal

angle, and on very confined spaces of ground, rendered

it necessary to arrange for transferring the contents of

the carrier receptacles from one section to the next by
means of small tip waggons running on a short and

slightly inclined rail, between the point where the

loaded carrier stops to discharge, to that where the

empty carrier stands at the top of the adjoining section.

These waggons can easily be run with the assistance

of one man, who, when he has discharged the contents

of a waggon into the empty carrier, pushes it back into

its place, ready to receive the contents of the next

loaded carrier. A similar arrangement is, of course,

provided on both sides of each station.

Had it been possible to obtain better and more

spacious sites for the stations, the usual arrangement
of placing the anchorages so that one carrier could

tip its contents direct into the empty carrier on the

adjoining section would have been adopted, and the

lower ends of the fixed carrying ropes could then have

been anchored by means of weights.
The carriers are allowed to run by gravity at the

comparatively high speed of about 25 miles per hour,

and when the brakesmen have become accustomed to

their duties, it is found that they can regulate this

speed to a nicety, and bring the carriers to a stand-

still at the proper points with perfect smoothness and

accuracy.
The quantity of ore which can be transported by

these inclines depends, of course, on what can be got

over the longest section; and while, owing to the

exigencies of the route, it was necessary that the

sections should vary greatly in length, it was attempted
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to equalise their carrying capabilities by making the

longer sections steeper than the shorter ones, thus

enabling the carriers to be run on the former at a

higher speed, a plan which is found to be to some

extent successful.

In putting up a series of inclines, such as those

described, it is most advisable to equalise, as far as

possible, the carrying powers of each section.

The amount of ore which has been regularly

brought down by this system has been from 70 to 80

tons per day, but if sufficient mineral were provided,
100 tons per day could be transported. A trial with

the 2,025 feet (No. 2) section, before the men had

become thoroughly acquainted with its working,

proved that 12 tons per hour could be taken down.

The cost of carriage is about 2s. per ton, exclusive

of maintenance, which may be taken at Is. 2d. per ton,

or making a total cost of 3s. 2d. per ton.

The maintenance charge on this installation is

exceptionally heavy, owing to the very exposed situa-

tion, and to the fact that for two months of the

winter at least no work can be done, the plant mean-

while being exposed to the full deteriorating action of

the weather.

This wire rope-way admits of the transport of

mineral being carried on without stoppage while the

roads are buried in snow to a depth of several feet.

Thus the works can be supplied with ore for a much

longer portion of the year than would be possible by

any other means of transport.

Installation at a Gas Works in London.

An example of a short line of single fixed-wire

rope-way is shown in Fig. 125. This rope-way was
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erected some years ago at the Nine Elms Works of

the London Gaslight Company, and after working

successfully for some time it had to

be removed to make room for build-

ing operations. The rope-way was

used for the transportation of about

25 tons of coal per hour across a

dock, a distance of 450 feet between

the supports.
The load was taken up a nominal

incline of 1 in 19, and conveyed in a

carrier receptacle or bucket which

held about 17 cwt. The carrier was
drawn along the fixed carrying rope 111 [|!l!

by a small crucible -steel hauling rope
of 4j tons breaking strain driven by
an engine of 6 horse-power, at a speed
of 5 miles an hour, and the contents

were tipped into a hopper ;
after

which the carrier was run back again
at a speed of 10 miles an hour, and

brought under a hopper from which

it was loaded.

The single carrying rope used was
one of crucible-steel wire, of 40 tons

breaking strain, which was stretched

across the dock. The upper end was
fixed to a timber framing, attached to

the retort house at about 45 feet from

the ground, the attachment being tied

back by another wire rope, exactly on

the same line as that over the dock,

the end of which was anchored to the

opposite wall of the house near the ground. The
lower end of the rope across the dock was held by a
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weight of 4 tons acting on the double purchase system,
which thus exerted a strain of about 8 tons, and the

strain on the rope being thus kept constant whether
a loaded carrier was running upon it or not.

The carrier receptacle was of iron, and was sus-

pended by means of a curved hanger or frame fitting

into a running head or traveller which rested on the

fixed carrying rope. This running head or traveller

was formed of two strong iron plates carrying between

them, one near each end, two deeply-grooved cast-iron

wheels, about 9 inches in diameter on the treads, and

made to fit the fixed carrying rope, and the edges of

their rims being turned true so as to also run on the

rail under the loading hopper. The wheels were

mounted on steel pins fitted between the wrought-
iron plates, through which latter, between the wheels,

the curved hanger or frame attached to the carrier

receptacle also passed. The bottom of the carrier

receptacle could be let fall by a simple arrangement
of lever and catch.

At the lower or loading end the carrier ran off the

rope on to a rail, where it stood with the receptacle
under the door of a hopper. When loaded it was

drawn across to the discharging end, hanging on the

fixed rope by means of the running head or traveller,

at a speed of 5 miles per hour, and as already men-

tioned up a nominal incline of 1 in 19, but which,

owing to the bend or sag in the rope, was often in

reality as much as 1 in 10. The hauling rope was

passed round a
,
horizontal drum mounted at the

upper end of the line in the wooden frame which

carried the attachment of the fixed- carrying rope,

and was put in motion by a simple arrangement of

driving gear consisting of a horizontal wTood-rimmed

drum driven by bevel gearing, so that it could be
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moved at 5 miles per hour in the forward and at

10 miles per hour in the backward direction. This

driving drum had two parallel grooves, and by means
of a smaller drum placed at one side of it the hauling

rope was made to pass twice round certain portions
of its circumference, and thus increase its driving-

power, as well as admitting of taking up any small

amount of stretch in the hauling or driving rope.
The driving gear was mounted on a substantial wooden

frame, and alongside it was located the small engine
of 6 horse-power which provided the necessary motive

force. It was found in practice that 30 Ibs. of steam

(8 horse-power actual) drove the engine at the required

speed.
The labour employed when working full capacity

comprised one driver, one trimmer, and one man at

the discharging end.

The routine of working was conducted as follows :

The carrier having arrived under the loading hopper,
the driver pulled up the door, and the receptacle or

bucket was filled, the trimmer levelling with a shovel

the coal as it fell. The driver then shutting the

hopper door, engaged the forward motion of the

driving gear, and the loaded carrier was drawn across

to the discharging hopper. The driver then put on

the brake and stopped the motion of the carrier, and

on receiving the signal from the man at the other end

that he had emptied the carrier receptacle or bucket

and replaced the bottom, put the backward gear in

motion so as to draw the empty carrier back to the

loading hopper at a speed of 10 miles an hour. In

regular working the whole of the operations described

occupied two minutes, so that thirty runs were made

per hour. Including filling and emptying, however,

it is said to have been found practicable to make
1 1
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thirty-five runs an hour, and even ten runs in fifteen

minutes.

The cost of labour was found to be 0*88 penny per
ton ; the renewal of ropes, wheels, and general main-

tenance 0*4 penny, of which the ropes absorbed 0'26

penny. In all, excepting fuel, the cost of loading,

transporting up 450 feet of an incline of 1 in 10 to 1

in 19, and discharging, was 1*28 penny per ton. The

prime cost of the machinery, ropes, and steam engine
was 340.

Installation at a Saw Mills in Italy.

Figs. 126 and 127 illustrate a double fixed wire

rope-way on Carrington's system erected at Santa

Maria di Capua, Monte Penna, Caserta, Italy. This

line is about 2 miles in length, with an average
incline of about 1 in 5. It is used to carry timber

and charcoal from a forest to the saw mills of the

company, and passes over a very mountainous country,
as will be seen from the sectional view.

The down or heavy load line is a steel wire rope

3f inches in circumference, or about 1*2 inch in

diameter, with a breaking strain of 42 tons. The

up or light load line is a steel rope 3 inches in circum-

ference, or about *96 inch in diameter, with a breaking
strain of 25 tons, and the hauling rope is a plough
steel rope Ij inches in circumference, or about

48 inch in diameter, with a breaking strain of from

8 to 9 tons.

The section of the line shown in Fig. 126 is 8,562

feet in length, and in that distance the ropes are

supported at twelve points on posts or standards, the

unsupported spans varying in length from 93 feet to

2,229 feet. The posts or standards shown in side
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and front elevation in Fig. 127 are 23 feet in height,
a carrier being also shown to illustrate the mode of

support.

The fixed carrying ropes are kept at the required
tension by box weights suspended at the upper ter-

minus (Carignone) to a strong wooden framework,
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and at the lower terminus (Santa Maria) in wells or

pits especially excavated for the purpose.
The hauling rope passes over a horizontal drum

with brake gear attached, at the upper terminal

station, and round vertical driving and brake drum

gear, guide wheels, and a horizontal slide drum, &c.,

at the lower terminal station. The horizontal slide

dram regulates the tension of the hauling rope to the

required tractive force.

The line is driven at a speed of 4 miles per hour,

the motive power being derived from a turbine, and

it can be set in motion or stopped by the person in

charge of the Santa Maria terminal station, from

which communication is carried on with the Carignone
terminal by an electric bell telegraph.

The loaded carriers are placed on the line 1,425

feet apart, at which distance rings are spliced into the

hauling rope, through which rings shackles are passed
to connect them to ear-pieces on the carrier heads.

There are six carriers on the down line, and six on the

up line, one of which on each line is arranged to arrive

at the stations simultaneously. On arrival they are

disconnected, and the hauling rope is moved on until

the rings are in position to attach on the opposite

side. Here another carrier is connected, and the line

is again set in motion.

The carriers and slings for the timber weigh 5

cwt. each, and the loads vary from 6 cwt. to 25 cwt.,

according to the size of the logs of timber, &c., the

usual loads, however, being about 12 cwt. each, single

logs of 25 cwt. being only occasionally brought down.

All necessaries for the workmen in the forest are sent

up on the light load line in weights up to 1J cwt.

This rope-way is constructed in a very substantial

manner,"and most of the timber for the stations, posts,
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FIG. 128. Installation in the 'Italian Alps : Lower Terminal and
View of Line.

&c., have been injected with a solution of sulphate of

copper to retard decay.
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The total cost of the line was 4,000, including the

construction of a short inclined railway at the Santa

Maria terminal, telegraph, terminal arrangements, &c.

It is capable of conveying eight loads per hour, or

per day of ten hours as many as two hundred logs of

timber, 10 feet long by 15 inches in diameter, or 320

sacks holding 25 tons of charcoal.

The cost of working the line is about 4 a day,

nearly 50 per cent, of which sum is absorbed for wear

and tear of the ropes and machinery.
The following are figures showing two years' work-

ing of this wire rope-way :

1887. 1888.

Total number of loads carried 11,545 8,959

Number of logs carried 11,127 10,206

Number of sacks of charcoal- 22,659 18,589

Wages of tramway staff per load - Lira* 0'70 Lira 1*38

Stores, new ropes, repairs, &c.,

per load 0'30

Average number of loads per work-

ing hour 8-6 5-0

Note. The 1888 working season, owing to bad weather, only

began in May and finished in November, a period of only six

months' duration.

Installation in the Italian Alps.

A wire rope-way on Carrington's fixed-rope system,
constructed by Bullivant & Co. Ltd., and erected in

the Italian Alps at Pinerolo, Piedmont, is illustrated

in Fig. 128, which shows the lower terminal and the

line extending away to the upper terminal in the far

distance on the mountain side. In this type of line

(a general description of which has been previously

given) it will be remembered that two parallel fixed

* Lira equals 9|d.
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carrying ropes are used, and a carrier is mounted on
each rope, which carriers are so connected that when
one of them is descending one rope the other one will

be ascending the other rope, and vice versd.

The view illustrating this installation is a repro-
duction from a photograph of the line taken when at

work.

Installation at Fortifications, Gibraltar.

Fig. 129 is a section, showing an interesting

example of wire rope-way for both passengers and

TOTAL LENGTH 1,880 feet.

FIG. 129. Installation at Fortifications, Gibraltar : Section.

goods working up a very steep incline, constructed at

Gibraltar for the War Office by Bullivant & Co. Ltd.

The line, which is of a similar type to that which has

been just described, is used for the transport of stores

and goods of all kinds to various stations situated at

different levels on the rock, and also for the con-

veyance of workmen.

The length of the line on the incline is 2,200 feet,

on the level 1,880 feet, the vertical height is 1,240 feet,

the average incline is 1 in 1*6, and the longest span is

one of 1,100 feet.
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The loads carried on this wire rope-way are of

10 cwt. or more, and the arrangement is such that

one load travels up the incline whilst the corresponding
load travels down.

Installation at Water Works, Cape Town.

Fig. 130 shows a section of another installation, a

portion of which is also on a very steep incline. This

rope-way is on the Carrington single fixed-rope system,
and it was constructed up the Table Mountain near

Cape Town by Bullivant & Co. Ltd., for the corpora-

<C|

TOTAL LENGTH 5S80 ft.

FIG. 130. Installation at Water Works in South Africa : Section.

tion of that city, and used for the purpose of carrying
the materials and machinery required for the con-

struction of their new reservoirs, which are situated

on the mountain at a height of 2,168 feet above the

city. The nature of the country to be passed over

opposed great difficulties to the successful erection

of a wire rope-way, which difficulties cannot be fully

realised from the section.

The line, as already mentioned, is on Carrington's

single fixed-rope principle, which has been already

generally described in a previous chapter. The single

carrier is run on the carrying rope at a speed of about

8 miles an hour by the endless hauling rope, which is
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attached to it, and which passes round suitable gears
at each terminal.

The motive power, consisting of a steam engine,
the driving gear, and a powerful brake arrangement,
are located at the lower terminal or starting point.

Tightening or straining gear is provided at the upper
terminal.

The length of the line on the level is 5,280 feet, or

exactly 1 mile, and the average incline is 1 in 2*5
;

the two longest spans are one of 1,470 feet and one of

1,380 feet.

Loads of 15 cwt. and upwards can be transported
with safety on a line of this description.

Installation as a Pier in South Africa.*

In Fig. 131 is illustrated the sea-staging, with a

portion of the rope and the carrier in view thereon,

of an installation of wire rope-way, also constructed

on the same principle as that at Cape Town, which

has just been described.

This wire rope-way, as well as the previous one, and

the other installations mentioned on the Carrington

system, were constructed and erected by Messrs

Bullivant & Co. Ltd. The line is for the purpose
of conveying materials from ships lying alongside the

staging, to the shore, in a locality in South Africa

where the surf is of such a character as not to admit

of vessels lying closer to land. The crane for lifting

the materials out of the vessels is worked by the

motion of the endless hauling rope.

The illustration is a reproduction of a photograph

showing the line in actual work.

* For description and illustration of wire rope-ways on the

running or endless rope system, arranged as piers, see pp. 116-118.
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Installation for Passenger Traffic at Sugar
Factory in Hong Kong.

Fig. 132 is a sectional view, showing a passenger
wire rope-way constructed at Hong Kong for con-

veying the workmen employed at a large sugar usine

or factory to and from their quarters in the mountains.
The length of the line on the level is 6,300 feet, or

about IT mile, and the vertical height is 1,090 feet.

TOTAL LENGTH 6,30O feet.

FIG. 132. Installation at a Sugar Factory in Hong Kong : Section.

The carrier or vehicle is adapted to accommodate
six men, and when fully loaded it has a gross weight
of about 1 ton.

Installation at a Mine in Japan.

Fig. 133 is a section showing another example of

a fixed wire rope-way working up a steep incline. The
line in question, which is located in Japan, serves to

transport minerals from a mine or quarry situated at a

high elevation to a railway running along the foot of

the mountain.

The length of the rope-way is 5,004 feet, the

vertical height is 2,490 feet, the average incline is

1 in 2, and the steepest incline is one of 1 in 1-5.

By reason of the sudden change of the incline at

an intermediate point, the section presented special

obstacles to surmount, and this application represents
as difficult a one as could be well met with.
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The carrier receptacles or buckets for conveying
the minerals contain about 4 cwt. each, and are all

TOTAL HEIGHT %4<90ft.

fitted with automatic clips or grips which are arranged
to grip the hauling rope at any point, and release

themselves automatically on striking against a wipe
A
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or plate fixed in a suitable position at each of the

terminals.

A specially designed power absorber deals with
the greater proportion of the vast amount of power
developed by the descent of the comparatively large
loads on such a steep incline, thus rendering it practi-
cable to control the line by means of the ordinary
brakes with the utmost facility.

FIG. 134. Installation on Telpher System : Portion of Line

with Truck and Carrier.

Installations on the Telpher System in

Somersetshire and Sussex.

An installation of a wire rope-way on the fixed

carrying-rope system, in which electricity is used as

the motive power, the arrangement being what is

known as telpherage, was erected some twenty years
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ago at Weston, in Somersetshire, and about the same

time an overhead telpher line was also working at

Glynde, in Sussex.

As a description of telpherage has been given in a

previous chapter entirely devoted to the subject, there

is no need here to enter into an account of any of the

constructive details.

With the first installation Professor Jenkin ex-

perimented very fully for about four months, during
which time the fall and rise of insulation resistance

were found to be exceedingly sharp, ranging from

2 megohms to 3,000 ohms. The line, which was only
660 feet in length, was tested three times a day by Mr
Lineff for Professor Jenkin.

The line working at Glynde was completely in the

hands of labourers, who, it is stated, were found quite

competent to do the work, and during six months'

operation no accident happened except to the armature

of the fixed dynamo machine. This line was erected

in a brick works, and the materials were carried at a

low rate of speed in a continuous succession of carrier

receptacles or skips containing from 2 to 3 cwt. each.

It must, however, be observed that these labourers,

having presumably received a certain amount of pre-

liminary training or instruction, could not be com-

pared to completely unskilled and unsupervised men,
or to the native labour usually employed on such lines

in out-of-the-way locations abroad.

Installations on the Telpher System in

America.

The telpher system is peculiarly well adapted for

installations on practically level sites, as, for instance,

for the transportation of goods or materials from one



INSTALLATIONS ON TELPHER SYSTEM 175

part of a warehouse, factory, or works to another, over

intervening yards or buildings, and for this purpose

many aerial wire rope-ways are in successful operation,

especially in the U.S.A.

Fig. 134 is a view showing a portion of a telpher

line, and Fig. 135 is a view at the works end showing
the unloading station of an installation designed and

constructed by the Consolidated Telpherage Company

FIG. 135. Installation on Telpher System : View at Works End of Line.

of New York, at Ampere, N. J., United States, for con-

veying castings from the brass foundry to the Electric

Company's works. This line is on what the inventors

call the double unit system, a description and illustra-

tions of which, and also of their single unit system,
will be found in a previous chapter. For convenience

of loading and unloading, the platform car or carrier

is so arranged that it can be raised and lowered by a

single speed safety hoist of 500 Ibs. capacity. The
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double unit telpher truck which carries steel pole

pieces, and the disposition of the platform and hoist,

are illustrated in Fig. 136. Fig. 137 is a view show-

ing the upper portion of one of the posts or standards.

Fio. 136. Installation on Telpher System : View showing Truck

with Carrier and Hoist.

The telpher truck can be started by turning a

switch, and within a short distance the speed can be

accelerated if required. The castings are placed on

the carrier at the foundry as soon as ready, and the

circuit being completed, as above mentioned, by mani-
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pulating the switch, a start is made towards the

factory, slowly at first, then increasing in speed until

a curve is approached where the speed is automatically

reduced, increasing again until near the termination

of the line when an automatic slowing down is again

effected, until a final

gradual stop takes

place either directly
over the weighing
scales at the receiv-

ing clerk's station or

at the door of the

store room as may
be arranged. The

telpher truck and

carrier can be re-

started on the return

journey to the foun-

dry with new pat-

terns, &c., and is only
the work of a few

seconds. As com-

pared with the old

method of cartage this system effects a saving that

would allow for interest on the outlay and quickly

repay the cost of the installation. There is also to

be considered the saving in time and labour, increased

efficiency of the foundry, and of the works as a whole,

and great general convenience, all tending to reduce

the general expenses.

Fi<i. 137. Installation on Telpher System :

View showing Upper Portion of Standard.

12



CHAPTER VI

WIRE ROPE-WAYS FOR HOISTING AND CONVEYING : INSTALLATIONS

FOR HOISTING AND CONVEYING IN AMERICA INSTALLATIONS

FOR HOISTING AND CONVEYING IN AUSTRALIA WIRE ROPE-

WAYS FOR COALING VESSELS AT SEA.

Wire Rope-Ways for Hoisting and

Conveying.

THERE are many special arrangements of wire rope-

ways for the above purpose, as may readily be sup-

posed, special circumstances giving rise to many
particular designs to meet varying requirements.

For example, to remove earth from trenches during
excavation or for open pit mining, a wire rope-way
has been designed having separate branch ropes for

the guide wheels, and connected with a drum or

draught rope, what is usually known as a Turk's head

being employed to prevent the buckets from being
hoisted too high. The rope is prevented from sagging

by a small swivelling traveller.

The following is a brief description
* of a special

form of wire rope-way in successful use in the United

States for both hoisting or raising and conveying
loads.

The main carrying rope used has a diameter of

2^ inches, with spans between the suspending towers

of 1,000 to 1,500 feet/and weights of from 4 to 8 tons

can be raised and dealt with. The main carrying

* For full account of this arrangement, see Transactions of the

American Society of Civil Engineers, April 1894, p. 397.

178
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rope passes over oak saddles on these towers, and is

anchored at each end to the earth.

The carrier runner or carnage consists oftwo flanged
wheels adapted to run upon the carrier rope, and the

axles of which are connected together by a frame ex-

tending below them. In this frame are mounted two

pulleys, over which the hoisting rope passes to the fall-

block. The runner or carriage is hauled by an endless

rope, attached level with the axles to both the front

and back wheels, and returning above the runner or

carriage, and passing between two guide pulleys,

working in the frame of the latter. At one end this

hauling rope passes over guide pulleys in the tower,

and is wrapped five or more times round the 54-inch

drum of a steam winch which gives it motion. The

hoisting drum works alongside the latter, and is of

the same size, so that by working the two drums in

opposite directions at the same rate, the weight is

kept at a constant height and at the same time

will be moved horizontally.

To support the hoisting rope a special device is

employed consisting of a horn on the back of the

main carrier runner or carriage that holds a number
of subsidiary carriers which are left (as the carriage
moves along the main carrying rope or cable) at

suitable distances apart, to support the hoisting rope
from the latter. To effect this an auxiliary rope of

about inch diameter is suspended above the main

cable and held at a constant distance from it at the

runner or carriage by passing under a pulley attached

to the runner frame. On this rope is a series of

buttons equally spaced, and increasing in diameter

with the distance from the tower at the working end.

Slots in the heads of the subsidiary carriers corre-

sponding to the diameter of the buttons, cause each
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one, as the carriage passes along the cable, to be

stopped at its proper button.

It will be observed that the load can be hoisted

or lowered at any point under the line of the

carrying rope, and that horizontal motion can be

given to the load at any height to which it may be

raised.

This type of wire rope-way can be advantageously

employed in open pit mining operations, and other

excavations, and is said to be found very efficient in

the construction of any works which can be spanned by
the main carrying rope.

An arrangement intended for conveying goods
between a vessel and a warehouse consists of a jib

crane combined with an inclined rope-way. A double

jib is hinged to a foundation plate fixed on the

quay, and is supported by an inclined wire rope-way

passing over a sheave, and connected to a counter-

weight located within the building. This weight is so

adjusted as to be sufficient to raise the jib, which latter

is lowered by means of a crab or winch, and operating
blocks and tackle, connected to it and to the founda-

tion plate, the rope being clamped above the counter-

weight when the desired position is obtained. Upon
this rope-way is mounted a wheeled carrier, traveller, or

runner, having the lifting or hauling rope, which latter

is wound upon a drum within the warehouse, attached

to it, and this drum is capable of being revolved by a

loose belt connection to a rotating shaft, which loose

belt can be tightened when desired by a pressure

pulley normally kept out of action by a counterweight.
The lifting hook is attached to a frame suspended
from the lifting or hauling rope, and provided with

two arms sufficiently far apart to admit the carrier

traveller or runner passing between them. Another
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pair of catches hinged to the jib hold the carrier

traveller or runner in position, whilst the load is being
lifted or lowered, by engaging with studs or projec-
tions on the carrier traveller or runner, and the above-

mentioned arms in rising are inclined by bevelled

surfaces coming in contact with these studs so as to

throw the hinged catches out of engagement, whilst

catches upon the arms engage with them. The carrier

traveller or runner and load can then be drawn up
into the warehouse.

On the descent of the empty carrier, which
takes place by gravity, the catches on the arms of

the lifting hook are automatically disengaged, and
the catches on the jib re-engage with the studs,

so as to hold the carrier, traveller, or runner in

position whilst the lifting hook is lowered into the

hold of the vessel.

An arrangement of temporary rope-way for loading
and unloading ships consists of a wire rope stretched

taut between the deck of the vessel to be dealt with,

and a crossbar, upon which a pulley is raised and

lowered by a winch. This pulley is connected by a

rope to a post, or other convenient point of attach-

ment, situated somewhat beyond the place where it

is desired to deposit the load, or to pick up the

latter.

The carrier receptacle is first loaded in the lower

position when the cargo of the vessel is being dis-

charged, then the end of the rope is raised by means

of the winch, and the carrier runs by gravity down
the rope, is emptied, and the end of the rope being

lowered, again returns by gravity. When the vessel

is taking in cargo, and the load would be consequently

running in the opposite direction, this operation is

reversed.
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Installations for Hoisting and Conveying
in America.

At the Tilly Foster Mines, in the State of New
York, U.S., a wire rope-way* arranged to both hoist

and convey loads, was employed for the removal of

some 300,000 cubic yards of rock, in order to convert

an old mine into an open pit, and uncover about

600,000 tons of ore. The excavation was about 450

feet in length by 300 feet in width, and the skip load

of material had to be lifted up directly at the place
where it might be filled. On the first erection of the

line chain, connected fall-rope carriers were used to

support the hoisting rope between the towers, and

the carriage consisted of a series of blocks, with 8 or

1 inch wheels to run on the main carrying rope, spaced
about every 50 feet, connected with ^-inch chains.

These heavy and cumbersome fall-rope carriers were

a source of considerable inconvenience. The hoisting

rope only required to be supported every 100 feet,

but with chain-connected carriers the chains themselves

must be supported so as to be out of the way of

obstructions below ;
in fact the chains must not hang

lower than the skips, say 15 feet, thus bringing the

carriers 20 to 30 feet apart. The weight of the chains

and carriers was about 1 ton. The chains were found

to swing about and get entangled in the fall-block and

with each other, they limited the speed, gave rise to

an abnormal amount of wear in the cable, added to

the strain, and increased the power required in con-

veying the load fully 40 per cent. In spite of these

* A full description of this installation is given in a paper
read before the Canadian Mining Institute in 1898 by Mr Spencer

Miller, C.E.
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drawbacks, however, each of the cable-ways was found

capable of taking out 10 per cent, more loads per day
than a derrick, whilst reaching out 300 feet against

only 100 feet in the case of the latter.

Improved fall-rope carriers were subsequently
introduced. An auxiliary rope, about I inch in dia-

meter, suspended above the main rope or cable, was

held in a parallel position to the main cable by passing
under wheels in the cable carriage, and had secured

upon it a series of buttons, whose diameter increased

with the distance from the head tower. Slots in the

head of the carriers, corresponding to the diameter of

the buttons, allowed each of the carriers in passing
down the incline to be stopped at its proper button,

the carriers having small wheels to roll upon the

auxiliary or button rope. The heavy chains were

thus dispensed with, and the fall-rope carriers spaced

by buttons, and weighing in all about 100 Ibs., took

the place of the chain-connected carriers which, with

the chain, weighed 2,000 Ibs., and caused an increased

strain on the anchorage of about 5 tons.

In another installation the button stop-rope carrier

was applied to a horizontal line of wire rope-way
of 855 feet span, which necessitated the provision of

means for drawing the fall-rope carrier out with the

carriage, as gravity could not be depended upon as

in the previous case. For this purpose a horn, pro-

vided upon the carriage, both lifted the carriers bodily
from the rope or cable so as to dispense with wheels

on which the carrier might run on the main rope
or cable, and also served to hold the carriers when

distributing them along the cable
;
the carriers are

again picked up by the horn on its return journey
towards the engine or starting point. The buttons

on the button rope take the carriers from the horn
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and leave them spaced along the main cable or rope
at proper intervals for supporting the hoisting rope,

the buttons increasing in size in a direction receding
from the head tower, as also do the corresponding
slots in the head of the top of the carrier. A standard

pattern carriage and fall-rope carrier as used on above

line is shown in Fig. 138.

The engine for driving has double cylinders fitted

with reversible link motion. The drums are of large
diameter and of the friction type, one carrying the

hoisting rope, and the other turned with a curved

surface carrying the

endless rope, which

latter is taken round it

five or more times so

as to ensure sufficient

friction to secure im-

munity from slipping in

the opposite direction

to that in which the

FIG. 138. Installation for Hoisting and drum is turning, the

Carrier!"^
Carriase and Fal1 R Pe ends of the rope are

passed over the sheave

wheels on the towers, and made fast to the front and
rear wheels of the cable carriage. The hoisting drum
is independent of the other, and being of the same

diameter, winds at the same rate of speed, and keeps
the load at the same height if so desired

;
it has also

a band brake by means of which the load can be

sustained. The reversing lever, and the friction and

brake levers, are all brought to a central position
so that the operator can work all of them without

moving. The load can be hoisted or lowered at any
point under the line of rope or cable.

Further improvements that have been made in
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this installation consist, first, in the employment of an
aerial dump, shown in Fig. 139, whereby the act of

delivering the load from the skip at any point is per-
formed automatically by the moving of a lever by the

engineman, thus saving a man for releasing the load,

FIG. 139. Installation for Hoisting and Conveying : Aerial Dump.

and also greatly reducing the time required for dump-
ing the load

; and secondly, in making the entire plant

movable, which latter improvement has practically
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transformed the cable-way or aerial rope-way into a

long distance travelling crane.

An installation of wire rope-way at one of the

iron-ore mines in the Lake Superior district is fitted

with a self-filling grab bucket, and two others are

used to excavate sand from the bed of a river and

deliver it to bins on dry land, where it is screened and

shipped to St Louis. One of these plants has made
as many as 33 trips in forty-four minutes, in actual

working the number is from 30 to 40 trips per hour,

or from 300 to 400 trips per day, the bucket having a

capacity of 1J yards. The amount of material actu-

ally delivered is eighteen loads per day, averaging 18

yards per load, bringing the total up to 324 cubic

yards ;
the labour required to deliver this amount of

material being one engineman, one fireman, and one

signalman.
An interesting type of wire rope-way for placer

mining was erected at Alder Gulch, Montana, U.S.

The objects of the installation were to excavate large

quantities of material at a low cost per yard ;
to

deliver the material at a sufficient height so that a

gold-saving flume could be used of sufficient length
and grade to thoroughly extract all the finer gold
which escaped the original miners

;
and finally, to

deliver the tailings at such an elevation that they
would dispose of themselves.

The installation comprised a central tower con-

taining a hopper, the bottom of which was 40 feet

above the bed rock, and the dimensions of which were

27 by 16 by 8 feet, sloping from each side to a central

channel 30 inches wide, which channel sloped back to

the head of the flume or the gold-saving sluice. The

A-shaped frame tail support, as originally constructed,

being light and portable, could be easily shifted about
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the hopper as a centre
; subsequently, however, this

tail tower was mounted on wheels.

To dig the placer, a peculiar form of drag bucket

was employed, which was carried over the point where

the material was located, and then lowered to the

ground, where it automatically settled into a position
favourable for digging, the carriage being then run

forward, leaving the bucket on the ground. When
the direction of the ropes leading from the carriage
to the bucket was favourable, the hoisting line was
hauled in and the bucket dragged along the ground,
teeth provided upon its edge ploughing into and

cutting their way through the gravel, and the bucket

becoming completely filled, after which it was

hoisted, conveyed, and dumped automatically into

the hopper.
The hopper tower was built of 8 by 8 inch

timber, and at the top was placed an auxiliary

tower, or bonnet, which supported the main rope
or cable, and revolved to accommodate itself to the

position of the latter. This was effected without

disturbing the ropes leading from the head of

the tower down between guiding sheaves to the

engine.
A special form of engine was employed, having

10 by 12 inch cylinders, and drums 33 inches in

diameter, the operating levers being arranged at the

rear.

The main rope or cable was If inches in diameter,

and of crucible steel.

This line actually handled over 400 buckets in

ten hours, each bucket containing 1^ yards of material,

and in spite of the heavy cost of fuel and labour, the

actual cost of the material handled did not exceed

3 cents per cubic yard. The labour required con-
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sisted of a leverman, fireman, signalman, hopperman,
and rigger. When a hydraulic giant was employed
to wash the material on either side into a trench dug

by the bucket, there were also required a pipeman
and two assistants to loosen heavy boulders, and move
them out of the way.

Boulders up to 600 Ibs. weight could be easily

picked up by the bucket when loosened, but it was

found more desirable to keep them out of the hopper,
and confine the bucket work to the more gravelly
material which carried the gold. One man was also

employed in maintaining the dump and bed-rock

flumes.

A form of lifting and conveying wire rope-way,
known as a "

Blondin," has been in use in the slate

quarries of Pennsylvania, U.S., since the year 1860,

having undergone but little alteration from that date.

It consists mainly of a rope or cable suspended on an

incline of about 25. Upon this carrying rope is

mounted a cable carriage or traveller having a rising
and falling fall block, and a hoisting rope which per-
forms the double function of hoisting the load to the

carriage and conveying the latter up the inclined

rope-way.

Installations for Hoisting and Conveying
in Australia.

Fig. 140 is a view showing the general arrange-
ment of a complete installation of wire rope-way on

Bullivant's system for raising, lowering, and trans-

porting heavy loads, which is especially suitable for

use in building bridges, canal, railway, and other

excavations, dredging, working quarries, &c. The

general construction of the line is explained by the
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letterpress upon the drawing. The carrier or running
head is more clearly shown in the enlarged view,

Fig. 141.

Rope - ways of this

type were used for the

erection of temporary and

permanent bridges over

the Richmond River at

Lismore, N.S.W., Aus-

tralia. The derricks or

masts supporting the

cables were sound iron-

bark piles 65 feet long
and 10 inches diameter

at the upper or small

ends. The lower ends

were rounded, and seated

in sockets cut in timber

sole plates, forming ball

and socket joints, and

allowing the derrick head

to be swung over the re-

quired distance, which did

not exceed 15 feet out of

the perpendicular. The

rope-way could be thus

operated over a lateral

distance of about 30 feet,

the change of area only

taking a few minutes in

which to adjust the guys.
There were two ad-

justable side guy ropes to each derrick, with suitable

gear for paying out and taking in the slack as the

derricks were swung over
;
and safety devices for
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locking the guys in the required positions were pro-
vided. Two "

fore-and-aft
"
guys were also supplied

as "preventers," this arrangement being found more

FIG. 141. Wire Rope-Way for Hoisting and Conveying :

Carrier or Running Head.

satisfactory and reliable than the usual clips for pre-

venting any sliding of the derrick head on the main

cables.

The main and other ropes or cables were all of
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Bullivant's make : the first consisted of 4-inch, 6 by 17

specially selected mild steel wire rope having a

breaking strain of 45 tons. The guys, If-inch, 6 by
24 extra flexible steel wire crane ropes galvanised.
The hoisting tackle, 1^-inch, 6 by 24 extra flexible

steel wire crane rope. The traversing gear, an endless

1^-inch, 6 by 24 extra flexible steel wire rope.
The stress on the main cables or ropes \vas

regulated by the centre deflections. The general

loading rarely exceeded 3 tons, but at times the loads

went up to 5^ tons, which were handled with facility

and despatch.
The cable-way over the permanent bridge was

used for hoisting and setting steel plate girders of

5^ tons each.

Wire Rope-Ways for Coaling Vessels

at Sea.

Experiments in coaling vessels at sea have been

made for many years past, the subject being one of

especial interest in relation to ships of war. According
to Lieutenant C. E. Bell, R.N., in a paper read many
years ago before the Royal United Service Institution,

any satisfactory plan of coaling at sea must satisfy the

following three absolutely essential requirements :

(1) Rapidity. (2) Safety. (3) Ability for the ships

engaged in the operation to proceed with the minimum
diminution of speed. Three further requirements of

no little importance being : (4) Necessity of keeping
coal dry. (5) Minimum of labour to be employed.

(6) Little cost of material necessitated.

It is generally admitted by all authorities upon
the subject, says Lieutenant Bell, that coaling from

broadside at sea is impossible, except in very calm
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weather, and even then it is attended with great
risk to both men and material employed. The only

way by which the various difficulties and dangers
of coaling at sea can be overcome and the work
carried out successfully, with the least possible delay
and absence of danger to men and material, is by
coaling from bow to stern.

The following particulars are abridged from a

paper on "
Coaling Vessels at Sea" by Spencer Miller,

read at the seventh general meeting of the Society of

Naval Architects and Marine Engineers held in

New York.

The plan suggested by Lieutenant Bell is shown
at A, Fig. 142. The collier is first taken in tow by
the warship ;

an inclined and elevated cable attached

low down to the rear mast of the latter is rigged up
to the top of the foremast of the former, and a

truck or carriage is arranged to run on this cable, two

ropes being provided, one for hauling the truck and

bags of coal to the warship, and the other for hauling
the empty truck back to the collier. The hawsers

the inventor proposes to cross from the stern pipes
of the ship of war to the bow ports, hawse ports, or

other convenient places of the coal ship, and five bags

holding 220 Ibs. each are to be carried at a time.

The bags are to be hoisted by some arrangement,
not shown, from the deck of the collier to the sus-

pended cable, and there attached by a man stationed

in the foreyard for that purpose.
Critics in discussing the above pointed out, with

reason, that no means were provided for maintaining
a uniform tension on the elevated and suspended cable,

and that consequently if the vessels so rigged were

pitching ever so little either one of two things would

occur, and probably both, after a short time. By
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the ships pitching towards each other, the coal bags
would be likely to be dropped into the sea, and by
pitching away from each other either the foremast of

the collier would be unshipped or the suspended cable

snapped.
A plan on a different principle to the foregoing was

13
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devised by Lieutenant R. G. O. Tupper. As shown

at B, Fig. 142, an endless rope is provided, starting from

the stern of the collier in tow of the warship, passing
over an elevated support on the foreyard, thence to

the rear mast of the warship, and thence to the fore-

part of the latter. Buckets of coal are secured to this

endless rope at close intervals, and the whole arrange-
ment is worked by a capstan, the coal being passed in

this manner from one ship to the other. The objec-

tion to Bell's plan obviously applies with equal force

to the above.

The plan invented and patented in 1893 by the

Hon. P. B. Low and illustrated at c, Fig 142, practically

only differs from Bell's plan in that a counterweight
is provided for maintaining a constant tension, and

consequently a constant deflection, on the suspended
cable regardless of the motion of the ships.

A test was made with this type of apparatus on

board the two U.S. cruisers,
" San Francisco" and the

"
Kearsarge." The distance from the shears of the

cruisers to the upright poles on the collier was about

235 feet, so that the distance between the vessels was

something less than 200 feet. The transporting cable

was secured to the deck of the " San Francisco," sup-

ported by a pair of shear poles at the stern, then run on

an incline to a gin block near the foremast of the
"
Kearsarge," which played the part of the collier, at an

elevation of about 32 feet above the point of suspension
on the " San Francisco." This gave an air line inclina-

tion from the points of support of about 8 to the

horizontal. After the cable was rendered about the

gin block it was bent backwards, and on the end was

secured a counterweight of about 1,600 Ibs. The

bags of coal weighed nearly 200 Ibs., and the time

required to travel from the pole head on the collier to
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the shear pole on the warship was about fourteen

seconds. The time occupied in hoisting and sending
over ten bags of coal was about twenty minutes, giving
the rate of from 2 to 2^ tons per hour. During the

trial the sea was calm and the apparatus worked well.

The Board of Naval Officers instructed to report on

the trial, however, were of the opinion that in rough
weather the apparatus would not be of any great value

in transferring coal from one vessel to another. Great

objections to this plan are : Firstly, that in rough
weather the distance between the vessels would have

to be increased, the height of the gin block being also

correspondingly increased to maintain a proper inclina-

tion and attaining an impracticable elevation
; secondly,

to render the capacity of the apparatus of practical

service the loads would have to be far heavier, and to

admit of this the weight of counterweight would haveo o
also to be increased and would become a source of

danger.
A plan invented and patented by J. E. Walsh is

shown at D, Fig. 142. The cable is attached at one

end to the towing boat, inclines upward, and bends

over a pulley block near the head of the foremast,

thence bends under a pulley block carrying a counter-

weight. Overhead derricks are also shown in the

drawing for hoisting the load out of both hatches to

platforms on the masts, that on the mainmast being
somewhat higher than that on the foremast, an

auxiliary inclined cable being provided between the

masts to carry the coal forward.

The objections urged against Low's plan apply

equally in this case, indeed the carrying cable or rope

being bent so many times would demand the use of a

very large counterweight.
Two plans have been devised by S. Miller,
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A.S.N.A. & M.E., the first of which is illustrated

at E, Fig. 142. In the first arrangement shear poles
are provided on one vessel and blocks on the mast of

the other. An endless rope is employed, and a

movable sheave in the bight of the cable aft is held

taut by a line connecting it with a sea anchor or

towing cone dragged in the sea behind the vessel. It

will be seen that the vessel receiving the coal tows

the sea anchor as well as the collier, the latter merely

supporting the rope as it passes over. A carriage

gripped to the upper part, and provided with wheels

to roll on the lower part, serves to carry the bags of

coal over from the collier to the vessel being coaled.

An experimental trial of this arrangement was made
with a tug towing a sloop, and although the test took

place in a storm, the sloop shipping water over the

bow, and both boats rolling and pitching very badly,
the bags of coal were conveyed across the space

(100 feet) as though the sea was smooth, the sea

anchor serving to perfectly act as a compensator and

maintaining a constant tension on the endless convey-

ing cable. In practice the sea anchor would have to

be selected in accordance with the speed of towing,
the greater the speed the smaller the cone required.

The second arrangement is shown at F and G,

Fig. 142, and in Fig. 143, as fitted on the U.S.S.
" Marcellus." It is proposed, with this device, for the

warship to take the collier in tow, or the collier to tow
the warship, leaving the distance between the ships
about 300 feet. On the deck of the warship to receive

the coal a pair of shear poles secured by guys support
a sheave wheel and a chute to receive the load. A
special engine having two winding drums, shown more

clearly in the detail view G, Fig. 142, is located aft of

the foremast on the collier, and a steel cable f inch
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diameter leads from one drum to the top of the fore-

mast, over a sheave, thence to the sheave of the

warship, back to another sheave on the top of the

foremast, thence to the other drum. The engine

imparts a reciprocating motion to the conveying rope,

paying out one part under tension, a carriage secured

to one of the parts passing to and from the warship,
its load clearing the intervening water. The carriage,
which conveys in bags a load of from 700 to 1,000 Ibs.,

is fitted with wheels which roll on the lower part of

the conveying cable or rope, and grip slightly but

sufficiently the upper part of it. A hook pivoted at

the bottom of the carriage and provided with a latch

holds the load, and when the carriage comes in con-

tact with a rubber buffer on the sheave block at the

warship this latch is pressed in releasing the hook and

its load. If the carriage strikes heavily at either

terminus the upper p;rt of the cable slips through
the grip without damage. When the bags are

dropped the direction of the rope is reversed and the

carriage returned to the collier. During the transit

of the load an elevator car descends to the deck, bags
of coal suspended from a bale are placed on the

elevator, and it is again raised to the stops on the

guides where the pointed hook on the carriage finds

its way under the bale or hanger supporting the coal

bags, and the instant the load is hooked on, the

direction of the ropes is again reversed and the

carriage takes its load from the elevator, transfers it

to the warship, and drops it again into the chute.

The engine for operating the conveyor runs practi-

cally all the time in one direction, its speed being-

varied by the use of the throttle. The drum near the

foremast is provided with friction mechanism and

operating lever, and is capable of giving to the rope
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a tension anywhere from 1,000 to 4,000 Ibs. The
other drum is provided with two dry metallic surfaces

in contact and is adjusted to slip under any strain

exceeding, say, 3,000 Ibs. When the engine is

running the tendency of both drums is to draw both

parts in one to the extent of 4,000 Ibs., and the other

to 3,000 Ibs. The effect consequently is that the

4,000-lbs. drum has a tendency to prevail and over-

haul the 3,000-lbs. resistance, and it is this resistance

that sustains the load during its transit. In this

manner, through the co-operation of the two drums,
the conveying distance between the two boats is

compensated for and a practically uniform tension

sustained during the transit of the load. On the

points of support on the two ships approaching each

other during the transit of the load, the drum pulling

4,000 Ibs. will take up the slack and the 3,000-lbs.

drum will temporarily cease slipping, or, at least, the

amount of slip will be greatly reduced. Should the

vessels pull apart, the 3,000-lbs. drum will simply slip

the faster. It is only necessary to see that the speed
of transit is in excess of double the speed at which

the two vessels come together. After the load is

dumped at the warship the operator releases the

friction lever on the 4,000-lbs. drum, thus reducing the

tension on the lower part to some point considerably
below 3,000 Ibs., whereupon the 3,000-lbs. drum acts

to haul the rope and returns the carriage to the

collier. The speed of conveying is about 1,000 feet

per minute, thus a load can be taken from the collier

and deposited in the warship in about twenty seconds.

Important features in the device are that the total

tension on the two parts of the rope never exceeds

about 8,000 Ibs., and that should the ships pull away
from each other and the tow-line part, the only
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effect will be to unwind the rope from one of the

drums, its end falling into the water, the other drum
then winding in the other end of the rope and recover-

ing the carriage attached to it. The drum used for

operating the conveyor also serves to wind up and

store the cable when the collier is not coaling at sea.

Fig. 143 shows the collier actually in the act of

coaling a warship.
Another system for coaling vessels at sea has

lately been invented by Engineer-Commander Met-

calfe, R.N., and a trial of the apparatus is reported to

have recently been made in connection with the cruiser
"
Roxburgh," such weather conditions having been

chosen as to render the test a severe one. The results

of the trials, however, have not yet been made public.

An arrangement for coaling ships at sea, lately
devised by M'Dowall & Piper, includes a conveyor
which consists of an endless chain passing round

shafts and provided with buckets, an endless operat-

ing chain passing round a sprocket wheel on one

of these shafts and round a sprocket wheel on the

conveyor frame, a bracket secured to the latter, a

sprocket wheel on the bracket and about which the

operating chain passes, and means for imparting
motion to the operating chain.



CHAPTER VII

MISCELLANEOUS INFORMATION : To CALCULATE THE STRAIN ON

CARRYING ROPE SPLICING AND SECURING WIRE ROPES
ORDINARY ROPE ATTACHMENTS PRESERVING WIRE ROPES
GENERAL MATTERS.

/

To Calculate the Strains on Carrying Rope.-
The following method is given in an article on wire

rope-ways in the Revue Mecanique, Paris, by Messrs

Thiery and Cretin, Professors at 1'Ecole des Eaux et

Forets.

(
1
)
A cable or rope carried on two supports is only

subjected to its own weight. Referring to Fig. 144,

A B are the two fixed points supposedly at different

levels, c the length of the rope, I and h its horizontal

and vertical projections, a its angle of inclination, T
the tension exerted at the highest point A, /3

its angle
of inclination, t the tension at the lowest point B.

Admitting, according to general practice, that the

weight of the cable is evenly distributed over the

length c, although in reality it is distributed over the

arc A M B, let w be the weight of the rope per metre

run, and
Wl be what it would be if it were distributed

according to the arc, the total weight remaining the

same.

Take any point c, x and y indicating the co-

ordinates of that point in relation with the axes

passing through A. The laws of equilibrium can be

applied to the portion A c of the rope, the lower part
c B being replaced by the tension c G exerted at c, the

value of which may be represented by 0. This is pro-
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jected according to the tangent of the curve, and

forms with the horizontal an angle y.
The equations

of the projections on the axes of the co-ordinates

give-
sin y = T sin ft

-
Wj x arc A C.

cos y = T cos /3.

Dividing we have
(DX

T cos a cos /3

FIG. 144. Calculating Strains on Carrying Rope.

The equation of projection on the axis of x shows

the horizontal component at any point on the cable to

be constant and equal to T cos
/3.

This being so the

tension increases with the inclination of the tangent,
or this latter, in accordance with the last equation,
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diminishes with x, T is therefore the maximum ten-

sion. To determine the latter the entire rope must
be considered, and the sum of the moments of force

T, t, and wc be considered as nil as regards the point
B. Taking the moment of the tension t to equal zero,

then

TxBD-wcxBK = 0,

or

from which

or

m_ <~
2 sin 08^ a)

'

o)C cos a

2 sin (/3
-

a)
(1)

If the cord A B is horizontal, the two tensions at A

and B are equal and take, at these points, the maxi-

mum value.

FIG. 145. Calculating Strains on Carrying Rope.

(2) Given a rope suspended from two supports and

carrying a number of loads n equal and at the same
distance from each other, Fig. 145. Let the value of

one of these loads be ^ e the horizontal distance between

them, and z the horizontal distance at point A. Taking
the moments of all the forces in respect to point E,
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and admitting that the sum be nil, we have, calling

Tj the tension at the point A, and ft its angle of

inclination

from which

*,=

wlc + 2n(
rnl - ---^ e ~ nz

)

2 sin (ft -a)

?m( 1
)

cos a

Expressing the sum of n - 1 in prime numbers, or

calling i the ratio -.
,
and k the ratio

Z
:

1 i

n / n(ti - 1 ) . 7 , ~]
we + 2fi(n

- -^------J-% nk) cos a.

2 sin (ft
-

a)

The value of T1 will vary with the position of the

loads. The denominator for the preceding fraction

attains its maximum for k = 0. The value of ft in-

creasing, it would not appear that the maximum
tension T exists when the load is at A, although that

this is so will be seen on taking the form of the curve

into consideration. This being admitted, taking k = 0,

and as before calling T the maximum tension, and ft

its angle of inclination, then, if

we have

(2)

A cos a

sin ((3 a)

(3) Intermediary supports. Each carrying rope,

Fig. 146, is fixed at one of its extremities and stretched

at the other by a counterweight. On each post or
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standard the rope is supported on a greased metal

shoe, or by grooved wheels, and is capable of moving
longitudinally without appreciable friction, and the

tension is therefore approximately the same from both

directions on an intermediary support.
As regards the maximum tension of carrying rope.

Supposing the breaking strain Q of the rope to be

known, this will vary with Q and the coefficient of

safety, the latter being usually
i . Taking the latter

the rope should not be subjected to a greater strain

than . Let e be the distance between two sup-
o

FIG. 146. Calculating Strains on Carrying Rope.

ports, i the ratio existing between e and the horizontal

projection of the upper span, the number of loads of

this span can be deduced, and by formula 2 the factor

A may be calculated, which may be termed the co-

efficient of load. Measure the angle /3
and find by

table the relation of - r ,
or the factor of in-

sin
(ft

-
a)

clination. Half the product of these two sums will

give the tension of T at the highest point, that is, the

maximum tension of the rope. Should this be found

to be less than
-| ,

it may be advisable to augment it
o

to bring it to the limit value. If the counterweight
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be increased, so changing the angle ft,
or the distance

between the loads be altered, fresh calculations must

be made.

The value of angle ft may be obtained in several

ways. By photography, a sensitive plate being placed

parallel to the vertical plane of the rope, the optical

axis of the objective being normal to this plane. Or,

as shown in Fig. 147, wherein A is the highest point
of the rope.

Tlori3 oiitaZ
n "'^Va - i ' ""

FIG. 147. Calculating Strains on Carrying Rope.

Take an arc A D, and at D attach a plumb-line, the

bob of which hangs in a tube to prevent oscillation.

This plumb-line is graduated, as at i. If / be the

constant length, h be the height of the tube, and e

the value of one division of the graduations i, and say,
for example, that the division n is found to agree with

the upper end of the tube, the height D E will be equal
to (/ + h) + ne. The height B E being known, B D can

be deduced. A D is measured and the angle ft calcu-

lated by its sine.
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Table of Coefficients of Inclination.

Values

of

a.
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Table of Coefficients of Inclination Contd.

C3

*0

%.



SPLICING WIRE ROPES 209

Splicing Wire Ropes.

The splicing or otherwise securing together of the

ends of wire ropes, and the fastening of rope attach-

ments to the ends of such ropes, forms an important
feature in their use in connection with aerial or wire

rope-ways.
To commence with the operation of splicing, a six-

strand wire rope is that which allows of the most

perfect and neatest splice being made, inasmuch as

the strands are then the exact size of the core of the

rope, for which they can be readily substituted when
the latter has been removed to admit, of the strands

taking its place.

A five-strand rope forms, however, a very strong

splice, because of the strands being somewhat larger
than the core of the rope, and consequently in

the finished splice the exterior strands gripping or

pressing very firmly upon the inserted strands, and

tending to prevent the splice from drawing. A draw-

back to this splice, however, is that the bending of

the rope round a pulley frequently causes the strands

to protrude.
When forming a splice every precaution should be

taken to see that no ends are left projecting, or no

thick parts formed in the rope.
The first thing to be done is to bring the two

extremities of the rope taut and overlapping some

20 feet by means of a block and fall. About 10

feet of each end must then have the strands opened
and the core or centre cut off closely, and the bunches

of strands brought opposite to each other as shown

in Fig. 148, so that the opposite strands may interlock

regularly with one another.

Next, unlay the strand marked a of one rope end,

14
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and follow up with the strand marked 1

of the other rope end, laying it tightly
into the groove left open by the un-

winding or unlaying of the strand a,

causing the twist of the strand to

correspond exactly with the lay of the

open groove, until the whole of strand

1, up to about 6 inches, has been laid

in, and strand a has become 20 feet

long. Then cut strand a off within

6 inches of the rope, leaving two short

ends, as shown in Fig. 149, which ends

should be temporarily
secured by tying.

Now unlay the

strand marked 4 of

the opposite rope
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end, following it up with the strand marked f laid

into the open groove as above described, and treat

in an exactly similar manner
; following likewise

the same procedure with the strands marked b and

2, but stopping within 4 feet of the first set, then

with the strands marked e and 5, c and 3, and d
and 6, when all the strands will be laid into each

other's places with their respective ends passing each

other at points 4 feet apart as shown in Fig. 150.

Lastly, to secure and dispose of the ends without

increasing the diameter of the rope, these ends should

be well straightened and lapped with fine hemp siez-

ing, a marlinspike should be inserted through the

centre of the rope, and 6 inches of the core or centre

cut out, the end of 1 being then placed under a and

tucked into the space previously occupied by the core,

and a 6-inch length of core being cut out on the other

side, the end of a should be inserted into its place in

the same way. The other ends should then be dis-

posed of in a similar manner, taking an end alter-

nately from one side and then from the other.

Finish off the splice by well closing the rope, and

removing any unevenness or irregularity by hammer-

ing with a wooden mallet.

Additional strength may be ensured by passing the

end of No. 1 strand over strand a, and strand b over

strand No. 1, by which a very tight grip is obtained,

and the splice rendered capable of withstanding very
severe strains.

Securing Wire Ropes in Sockets, &c.

As regards methods for securing the ends of wire

ropes together by means of sockets, and of fastening

them to various attachments in common use, nume-

rous plans have been devised, some of which have
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been briefly alluded to when describing certain par-
ticular installations, and the following are a few

amongst the many others.

R. S. Newall, as far back as 1840, provided for

securing the ends of wire ropes by passing each end

into and through a conical thimble, doubling back

the ends of the strands and pulling back the rope
until the doubled part fits the thimble, when by

pouring melted brass amongst the ends of the

strands they are prevented from being drawn out

of the thimble. The two ends having been thus

secured in their respective thimbles, the latter are

screwed together by means of a right and left

handed screwed connecting piece, and are fixed or

locked in place by means of pins. A hook or an

eye may be fastened to the rope in a like manner.

A socket for wire ropes which is fairly satisfactory

consists of a taper or conical cap made of iron or

steel and fitted with a soft metal lining, which cap is

placed round the rope end. The rope end is then

brought into proper position arid forcibly driven out-

wards against the lining within the socket, a taper

plug or wedge also made of soft metal similar to the

lining being inserted to hold the wire ends asunder.

A bolt is also fitted which is intended to carry the

load, or to connect another socket, and which passes

through a double eye. This device possesses the

advantage of admitting of the process of socketing

being easily and rapidly performed.
Another good form of socket consists essentially of

a taper or conical iron, steel, or other metal socket

piece, the internal diameter of the smaller end of

which is somewhat larger than the circumference or

girth of the rope to be secured in it. Taper or conical

wedge or locking pieces are placed round the end of
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the rope, which wedges are of such dimensions that

when the rope is drawn tight into position in the

socket, and the wedge pieces jammed between the

inner face of the former and the rope, they will be at

a certain distance from the smaller end of the socket.

The result of this arrangement is that the more the

force exerted to draw the rope from the socket, the

tighter will the wedge or locking pieces become

jammed and tend to hold it in place therein. The
surfaces of the wedge or locking pieces next the rope

may be serrated or roughened, and sufficient clear-

ance should be provided between them to admit of

their tightening upon the rope as the latter becomes

compressed through the pressure exerted upon it.

In an arrangement somewhat resembling the above

the wedges are constructed in two parts, the one out-

side the other, the outer face of the inner part having
rounded projections adapted to fit into corresponding
recesses in the inner face of the outer part. The com-

ponent wires of the rope are bent over the end of the

inner part, and will be firmly gripped between the two

parts when the wedges become jammed in the tapered

casing or socket.

The following plans may also be mentioned :

Wedge-shaped toothed clips, placed one on each

side of the rope, are surrounded by a ring, within

which is placed a bridle with shoulders to bear against
the ring, the strain upon the bridle tightening the

wedges on the rope.

Passing the wires through a cone, turning them

over, winding round the parallel layers, and fastening
the ends to the rope. This cone is then placed in a

socket and a ring or hook screwed in, the end of the

cone being protected by a leather disc.

Clamping the rope ends between grooved plates
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by screw bolts passed through the edges of the plates,

or by means of a single bolt longitudinally slotted to

receive the rope ends. In the first arrangement a

grooved tapering block is preferably inserted between

one of the plates and the ropes.

Baring the rope end for a short distance, and pass-

ing an internally tapered and externally screwed

ferrule over it. An expander being then driven into

the end of the rope, and a cap screwed on to the

ferrule.

Bleichert proposes to secure a shackle to the end

of a wire rope by fitting the end of the latter, previ-

ously tinned, into a conical bush, distending the ends

of the wires forming the rope, and filling the space
between them with a composition of hard tin. The
shackle is screwed on to the exterior of the bush.

To connect together the ends of wire ropes, the

adjacent ends of the ropes are tinned and placed in

conical bushes, the ends of the wires are then bent

apart, the whole warmed in red-hot pincers, and the

ends cast out solid with a composition of hard tin,

after which the bushes are screwed to a central con-

necting piece.

This is practically the same method of securing
the end of a wire rope in a socket as that devised

nearly sixty years ago by Newall, which has been

already described.

Ordinary Rope Attachments.

A, B, c, D, and E, Fig. 151, illustrate the ordinary

forms of wire rope attachments in most general use.

A shows an arrangement of clamps with capel. The

end of the rope, it will be seen, is merely bent round

a gimbal ring or eye, and then covered with the
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clamps. B is a capel ;
the eye is in this case spliced

in as shown, c is a socket with hoops or rings, which

latter are driven on hot to shrink and tighten when
cold. D is a riveted socket, and E is a conical socket.

In the case of the three latter arrangements the

Capel Wire Conductors without Rivets.

Capel with Rivets.

Oonical Socket without Rivets.

FIG. 151. Ordinary Forms of Wire Rope Attachments.

aend of the rope must be somewhat enlarged to

conical shape, which can be conveniently effected by

turning back the wires layer by layer, and binding
them down with copper wire. As the first layers will

be the longest, and the others successively shorter, the

desired conical shape will be ensured.
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In the conical socket E the rope is first passed

through the bore in the head, enlarged as above

described, and drawn back until the conical enlarge-
ment engages in the conical portion of the bore.

Preserving Wire Ropes.

An important point in connection with the work-

ing of aerial or wire rope-ways is the lubrication

and other means to be adopted for preventing pre-
mature decay of the wire ropes.

As regards the preservative treatment most suit-

able for running and other wire ropes it may be

summed up in a few words to consist essentially in a

sufficiently abundant lubrication with a suitable oil,

grease, or other medium, at frequent and regular
intervals.

A great portion of the wear of the rope is due to

the cutting action of the wires against one another,

and this action can only be reduced by a judicious

application of an oil capable of permeating the rope.

Tests have demonstrated that an oiled rope will

stand from two to five times more bends than the

same rope unoiled.

The best unguent to employ is a matter upon
which some difference of opinion exists. One autho-

rity states* that he has found from practical experience
on a wire rope-way, extending over a number of years,

the best lubricant to be black West Virginia oil fed

on to the rope by automatic lubricators, about 3

gallons per month being used in this case on a line

of about 2 miles in length. On first starting work-

ing the line in question Swedish tar mixed with boiled

* See pp.. 110, 111.



PRESERVING WIRE ROPES 2 1/

linseed oil was tried with inferior results in every
way.

Linseed oil by itself is also recommended.

The following have also been employed or recom-

mended for the preservation or prevention of the

premature decay of wire ropes :

The application of a coating of a mixture composed
of 6 parts of tar, 2 parts of linseed oil, and 2 parts
of tallow, melted and mixed together, and applied to

the rope whilst hot.

A coating of a solution of caoutchouc in caout-

choucine.

Passing the strands and the rope after closing

through receptacles containing mica grease, glissanto-

line, &c., to protect the core and the strands from

corrosion.

Winding a zinc wire between the steel wires to

prevent rusting of the latter.

Depositing on the rope a coating of cadmium by
electrolysis in a bath of ammonium sulphate, or of

the double salt of cyanide of cadmium and cyanide
of potassium, the anodes being of rolled cadmium ; a

coating of zinc, &c., being sometimes first deposited
on the rope and afterwards a coating of cadmium, or

the operation reversed.

A number of machines have been devised for clean-

ing wire ropes and for lubricating them, and the use

of some efficient cleaning and lubricating machine in

connection with a running wire rope is very desirable,

as the practice of applying the fresh lubricant upon
the uncleaned rope, and over the previously applied

oil, is not only extremely wasteful, but, owing to the

possible defects in the rope being thus concealed from

view, is one fraught with much danger.
One type of apparatus designed for cleaning and
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lubricating wire ropes comprises circular or cylin-
drical wire or hair brushes keyed on axles carried in

a vertical frame, and two plain rollers which have

spur or toothed wheels attached to them gearing with

other spur or toothed wheels secured to the wire or

hair brushes. The bearings are made movable to

allow of the introduction of the rope between the

brushes, and screws for regulating the pressure of the

brushes, and rollers engaging the rope are also pro-
vided

;
the frictional contact of the rollers against the

rope imparts the necessary rotary motion to the cir-

cular brushes. As soon as the rope has been satisfac-

torily cleaned the wire brushes are removed, and are

replaced by hair brushes, or the latter are replaced by
barrels or drums covered with spongy material and

kept supplied with lubricant from an oil reservoir,

box, or hopper, or the brushing and lubricating opera-
tions may be performed simultaneously instead of

separately.
Another pattern of wire-rope cleanser and lubri-

cator, and one which is said to give very good results,

is that known as the vacuum. This apparatus, which

is chiefly characterised by its extreme simplicity,

consists of a spherical oil-box constructed in halves,

and surmounted by a gallery or ring running through
small wheels or rollers upon a circular path or race

on the oil-box. This gallery or ring contains a series

of radially adjustable wire brushes, the points of

which are pressed in between the strands of the rope,

and the spherical oil-box is formed with axial holes

to admit of the passage of the rope, a hinge joint

being provided upon one side and a screw fastening
on the other.

When the device is placed in position on the wire

rope, the latter will pass axially through the spherical
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oil-box and brush gallery or ring, and when the oil-

box is secured, and the rope travels through it, the

gallery or ring will be caused to revolve, and all the

accumulations of dirt and gummy oil will be scraped
off and removed, falling down outside the box.

The outlets of the oil-box are provided with stuffing

boxes fitted with split indiarubber packing rings, and

the arrangement is such that a suitable amount of

oil will be allowed to pass away with the rope.
The oil can be inserted into the box, the two parts

or halves of which form a fluid tight joint when closed,

through apertures fitted with screw plugs.
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Directions for Uncoiling Wire Ropes.

SMALL ropes or cables are delivered in coils wrapped
in canvas, heavy ropes or cables are coiled on a

reel covered with wooden

staves.

To uncoil a rope off a

reel the latter should be

mounted in bearings in a

frame A as shown in Fig.

152, and the rope wound off

carefully on to the drum,

great care being taken to

avoid the occurrence of a

kink as shown at B, Fig.

153, which is a serious

matter in a wire rope, and

likely to remain always a

weak place during the life

of the rope.

Coils of rope should

never be uncoiled by hand

FIGS. 152, 153, 154, and 155. in the manner indicated at

Methods of Uncoiling Wire Rope. c, Fig. 154; they should

be placed on a wheel as

shown at D, Fig. 155, so that the whole coil can be

turned during coiling off.

220
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To Remove a Kink from a Wire Rope.

In transporting wire ropes in mountainous dis-

tricts, more especially when such transportation has

to be effected upon the backs of mules,"* they are very
liable to get kinked.

To remove a short kink successfully it is recom-

mended to fasten two clamps to the rope, one on

either side of the kink, with just room to use a mallet

freely. Then by unbending the kink in the direction

in which it is formed, whilst at the same time twisting
the rope with the clamps into proper shape, and

setting down with a mallet, the worst kink can be

taken out so that it cannot be noticed. Trying to

pull or hammer out a kink will only make it worse,

and weaken the rope more than if it were left in.

Estimate for Wire Rope-Way.
The following particulars are recommended by

Mr Carrington to be sent when a definite estimate for

a wire rope-way is required :

Length of line from end to end.

Does the line go straight from end to end ? If

not, state the number and degrees of angles.f

Approximate section of ground to be passed
over 1 J

The quantity to be carried per hour, and the char-

acter of material to be transported ?

* See p. 109.

t It is recommended in all cases where possible that the

rope-ways should run in a straight line from end to end. See

p. 14.

I If possible a detailed section should be sent, but in many
cases a simple pen and ink sketch giving the leading dimen-

sions is sufficient.
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Is steam or water power available, and if so, state

amount ?

Is timber available on the spot for the construction

of terminal frames and posts ?
*

For the guidance of those getting out such parti-

culars, it may be stated that any divergence from the

straight line should be made in the form of an angle,

and not in a curve
; and where motive power is

available at the point where this divergence is made,
the angle can be constructed without additional cost.

Where possible it is preferred to place the driving

power at the delivering terminus of the rope-way, but

this is not essential.

The most convenient apportionment of the loads is

as follows :

For a 50 ton line 100 Ibs. to 120 Ibs. load.

100 120 170
200 170 250
300 400 440

These loads are not absolutely necessary, but when

adopted will enable the cheapest form of rope-way to

be used.

Approximate Price List for Wire Rope-Ways
on the Carrington Endless-Rope System.

The following list will enable the reader to form an

idea of the cost of any rope-way he may contemplate

erecting, but as the price varies greatly according to

the ground passed over and the material to be trans-

ported, it must be borne in mind that the amounts

given are purely approximate.

* The above portions are recommended to be constructed

in timber, but where necessary can be supplied in iron or steel.
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above prices, the following examples will be found

useful, viz. :

1. Cost required for a rope-way three-quarters of a

mile long to carry 50 tons per ten hours with one

angle.

Rope, pulleys, and rolling stock as per No. 1, 310

per mile, or for three-quarters of a mile, 232. 10s.,

and terminal gear, &c., as per No. 2, 60, and with

curve as per No. 5, 25. Total cost, 317. 10s.

2. Cost required of a rope-way 2 miles long to

carry 100 tons per ten hours as per No. 3. Rope,

pulleys, and rolling stock will cost 980, and as per
No. 4, driving ge^ar, &c., will cost 250. Total,

1,230.

Packing is only necessary for export.
The cost of several of the different installations

described in previous chapters has been also given,
which will assist in forming a rough estimate of the

probable outlay that would be required for the erec-

tion of a wire rope-way in various situations, and

to perform certain specific duties, arid the working

expenses of the lines which have been likewise added,

in several instances, will enable an idea to be gained
of the possible saving, in the cost of the transportation
of materials, that could be effected by the use of an

aerial or wire rope-way.

Horse-Power Necessary to Propel 1,000 Ibs.

at Various Speeds and up Various Grades
at Same Speeds.

(Consolidated Telpherage Company.)

The traction per 1,000 Ibs. assumed in this table

is 10 Ibs. On any but a very good rail the traction

will be more than this, and the power required by
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table should be correspondingly increased. If the

traction is just 10 Ibs., a car will roll down a one

per cent, grade without accelerating its velocity. In

fact an experiment of this kind would determine

approximately what the traction is.

Flexible Steel Wire Ropes (Bullivant).

1
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Table of Round Steel Wire Ropes for Mining,

Hauling, Winding, and Similar Purposes.

Showing the breaking strains obtained from different

qualities of Wire Eopes, the weight per fathom being the same
for all qualities (Bullivant).

Size
Circum-
ference.
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Breaking Strains of Steel Wire (Ryland).

S.W.G.



INDEX

A BSORBER power, 173

J^\. Adam, Wybe, wire rope-

way, 1

Advantageous applications of

the endless-rope system, 7

Advantages and disadvantages
of electricity for driving aerial

rope-ways, 68, 69

of Hallidie clip or saddle,

26, 27

of use of friction grip or

coupling, 42, 43

of telpherage, 70-72

of wire rope-ways
for coal mining, 2

for forming piers, 5, 6

for open-pit mining, 2, 3,

182

for placer mining, 2, 3

for removal of produce
from land, 3, 4, 128-

135

for unloading or loading

ships, 5, 6, 169, 170,

191

general, 1, 2

in factories, 4, 5

on beetroot farms, 3,

132

on sugar-cane estates, 3,

4, 128-135

Aerial dump, 185, 186

Aerial or wire rope-ways

application of, 1-6

details of construction, 13-69

different systems of, 612

electrically driven, 70-99,

173-177

examples of installations of,

on the running or endless

rope system, 130-132

examples of installations of,

on the fixed carrying-rope

system, 133-177

miscellaneous information,

201-228

preserving wire ropes of,

216-219

splicing and securing wire

ropes for, 209-216

Africa, South, wire rope-ways

in, 168-171

Albert lay of wire rope, 20,

21

Alder Gulch, wire rope-way at,

186-187

Almeria, wire rope-way in, 136-

141

Alps, Italian, wire rope-way in,

166, 167

Alzon, wire rope-way at, 101-

103

America, use of endless - rope

system in, 8

229
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America, installation on telpher

system in, 174-177

installations for hoisting and

conveying in, 182-188

wire rope-ways in, 174-177,

182-188

Ampere, N.J., U.S., installation

on telpher system in, 174-177

Angle stations. See Power and

angle stations

Apparatus for cleaning and

lubricating wire ropes, 217, 219

Applications of endless -
rope

system, advantageous, 7

of wire rope-ways, principal,

2-6

Apportionment of loads, most

convenient, 222

Approximate prices of wire rope

ways, 222-224

section of ground, 221

Arc parallel, blocking arrange-
ments for telpher line on,

181-183

Artificial manure works, wire

rope-way at, 125

Ascensive power of balloon,

working aerial way by, 67, 68

Attachments, ordinary rope, 214-

216

Australia

installations for hoisting

and conveying, 188-191

wire rope-way on sugar

plantation in, 133-135

Automatic lubricator, use of, on

wire rope-way, 110, 217, 218

T)ADOVALLE, wire rope in

use on aerial way at, 20,

21

Bags of sugar, wire rope-way for

transport of, 131, 132

Bag, sugar, carrier, 62

Bale carrier, 61

Balloon, working aerial way by
means of, 67, 68

Barytes mine, wire rope-way at,

123, 124

Basket carrier receptacle, 59

Beauley. See Farley Forest

Bedlington. See Roe & Bed-

lington

Beer system, method of sup-

porting ropes in, 29

system, installation of wire

rope-way on, 141-146

Beetroot farms, advantages of

wire rope-ways on, 3, 132

farms, wire rope-ways on, 132

Belgium, wire rope-ways in, 141-

146

Bell, Lieut. C. E., on coaling

vessels at sea, 191-193

Best types of carrier trucks,

runners, or saddles, 35

method of supporting carry-

ing ropes at standards,

145, 146

Bins, storage, 135

Black West Virginia oil for

lubricating wire rope-way, 111

Blast furnaces, wire rope-ways

at, 141-146, 149-151

Bleicherfc, arrangement of, for

driving wire rope-way, 65, 66

claw-locking grip or coupling

of, 53-57

friction grip or coupling, 40

improvements in wire rope-

ways by, 9

knot or carrier collar of, 49,

50
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Bleichert, Otto, wire rope-way of,

136-141

securing wire rope to

shackle, method of, 214

wire rope-way, terminal of,

29, 30

Block arrangements for telpher

line, 75-87

electro-magnet or telpher

line, 83, 84

wires, method of mounting,

87, 88

Blondin, wire rope-way known
as the, 188

Boiled linseed oil, use of, for lubri-

cating wire rope-way, 110, 111

Boulders, removal of, in drag

buckets, 188

Boxes, carrier, for endless or run-

ning rope system, 22-27

Brake, arrangements of, for

telpher line, 95-97

gear, 109, 110, 136, 155,

156, 164

lever, preferable, 110

screw-down, disadvantages

of, 109, 110

wooden, 136

Brass foundry, installation on

telpher system at, 174-177

Brazil, wire rope-way in, 122,

123

Brickworks, wire rope-ways at,

174

Bridges, installation of wire rope-

ways for erecting, 189-191

British Government, gunpowder
cask carriers used by, 60, 61

Buckets, self-filling grab, 186

drag, 187

Building operations, temporary,
wire rope-way for, 100-106

Bullivant & Co. Ltd., wire rope
for aerial ways, 20, 21

wire rope-ways constructed

by, 104-106, 112-135, 146-

148, 153-173, 188-191

wire rope tables, 226-228

CADMIUM, use of, for pre-

\^s serving wire ropes, 217

Calculate strains on carry-

ing rope, to, 201-206

California Wire Works, rope
made at, 108

Canada, wire rope way in, 186

Cane, sugar, carrier, 61

sugar, wire rope-way for

transport of, 128-135

Cannon, carrier for transporting,

61

Caoutchouc, use of, for pre-

serving wire ropes, 217

Caoutchoucine, use of, for pre-

serving wire ropes, 217

Capacity of transport on endless-

rope system, 7-9

of transport on fixed-rope

system, 9

Cape de Verde Islands, wire

rope-way at, 112-116

Capel. /See Clamps

Cape Town, wire rope tramway
at, 168, 169

Carignone terminus of Monte

Penna rope way, 163

Carrier boxes or saddles for

running or endless rope system,
22-27

collars or knots, 46-50

for fall ropes, 183, 184

receptacles or vehicles, 57-63
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Carrier receptacles or vehicles.

See also Examples of Installa-

tions

to stop at any point on line,

56,57

trucks, runners, or saddles,

35-39

Carriers or trucks, telpher, 98,

99

Carrington, W. T. H., classifica-

tion of wire rope-ways by, 6

improvements in wire rope-

ways by, 8, 9

installations of wire rope-

ways designed by, price

of, 222-224

saddle for running -
rope

system, 24

Carrying rope
endless or running, examples

of system, 100-132

endless or running, methods

of supporting at stan-

dards, 7, 21, 22, 108,

145

fixed, examples of system,
133-177

fixed, methods of supporting
at standards, 104, 132,

146-148, 153-173

to calculate strains on, 201-

206

Cartage, combination of, with

wire rope tramways, 131

Caserta, wire rope-way at, 162-

166

Cask carriers, 60

Cement works, wire rope-ways
at, 122, 123, 151-158

Ceretti Tanfani friction coup-

ling, 43-46

Ceylon, wire rope-way in, 102

Chalk pits, wire rope-ways at,

135, 136

Charcoal, wire rope-ways for con-

veying, 149-151, 162-166

Cheapest method of working
wire rope tramways, 66, 67

Chemical works, wire rope-ways

at, 125

Chinese, use of rope-ways by, 1

Choice of system of wire rope-

way, care required in, 7

Circuit closer for telpher line,

88

Clamps with capel, 214-216

Claw-locking grips or couplings,

53-57

Cleaning, or cleansing wire ropes,

machines for, 217-219

Climbing up to wire rope-way,
method of, 110

Clip or saddle, the Hallidie, 25-27

Coal depot, wire rope-way at,

112-116

mine, wire rope-way at, 127,

128

mining, wire rope-way for, 3

wire rope tramways for

transport of, 104-106,

127-128, 158-162

Coaling steamer at sea, wire rope-

way for, 191-200

Coast of the Mediterranean, wire

rope-way at, 136-141

of South Africa, wire rope-

way as pier on, 169, 170

Coating of zinc, depositing on

wire ropes, 217

Coefficients of inclination, 207,

208

Collier, wire rope-way for coal-

ing steamer from, 191-200

Cologne. See Pohlig, J.
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Combination of cartage with wire

rope-ways, 131

Conical socket wire rope attach-

ment, 216

Consolidated telpherage system,

98,99
Contact maker. See Circuit closer

Controlling telpher train, method

of, 89-97

Convenient apportionment of

loads, 222

Conveying goods between vessels

and shore, wire rope-way for,

5, 112-117

hoisting and lowering, wire

rope-ways for, 13-15, 39,

40, 178-191

Coronel, Puerto del, power and

angle station at, 139

Corporation, Cape Town, wire

rope-way for, 168, 169

Cory Brothers & Co., wire rope-

way of, 112-116

Cost of transport per ton mile on

endless rope system, 8, 9

of transport on fixed rope

system, 12

of wire rope-ways, prime
and working, 8, 9, 12, 101,

102, 111, 112, 116, HI,
146, 151, 158, 162, 166

Coupling or connecting truck to

hauling rope, 56

Couplings or grips

claw-locking, 53, 57

for steep gradients, 41-46,

54-57

friction, 39-46

pawl-locking, 50-53

wedge-locking, 53

Cradle sack carrier, 59

sugar-cane carrier, 61

Crane, floating, wire rope-way to

carry goods from, to shore,

116, 117

worked by wire rope-way.
See Driving

Cranes, driving of, by wire rope-

ways, 5, 6, 112-118

Cretin. See Thiery

Cumberland, wire rope-way in,

123, 124

Curves, arrangements for round-

ing, 30, 34, 35, 222

Custom-house, wire rope-way at,

131, 132

Cyanide of potassium, preserving
wire ropes with, 217

DANGER
of not cleaning

wire ropes before oiling,

217

Danzig Chronicles, description of

rope-way, 1

Decay of wire ropes, prevention

of, 216-219

Definite estimate of wire rope-

way, particulars required for,

221, 222

Demerara, wire rope-way in, 4,

128-132

Desirability of cleansing wire

ropes before lubricating, 217-

219

Details of construction, 13-69

Different systems of aerial or

wire rope-ways, 6-12

systems of aerial or wire

rope-ways, installations

on, 100-200

Directions for uncoiling wire

rope, 220
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Disadvantages of electricity as a

driving power, 68

Disc grip or coupling, 39-40

Disconnecting arrangement for

pawl grips, 51-53

Disengaging. See Disconnecting

Divergences from straight line

how they should be made, 30,

222

unit telpher carriage, 99

Double-wheeled truck or runner,

37

Drag bucket for placer mining,

187

Driving by electricity, 64, 69,

70-99

by gravity, 64, 66-67, 133-

135, 136, 147, 154, 179

by power of balloons, 67, 68

by steam, 64, 65, 106, 113,

117, 120, 127, 128, 132,

136, 140, 144, 147, 161,

184

by water, 64, 121, 128, 164,

drums, 64, 114, 138, 144,

155, 160, 164, 184

gear, 64-69,70-99, 113, 114,

138, 139, 142, 155, 156,

161, 164, 169, 179, 184,

196

Drop lubrication for wire rope-

way, 111

Drum, driving. See Driving
drums

Dump, aerial, 185, 186

Dumping device, 33, 34

Dye-works, wire rope-ways at, 5

EARTH,
wire rope-ways to

remove, from trenches,

2,3

Earth deposits in river beds, wire

rope-way for handling, 3,

186

Eccentric. See Pawl - locking

grips or couplings

Electrically
- driven wire rope-

ways, 70-99, 173, 177

Electric Company's Work,

telpher installation at, 174-

177

Electricity, use of, as a motive

power, on wire rope-ways, 68,

69, 70-99, 173-177

Electrolysis, deposition on wire

ropes of preservative coating

by, 217

Emborough, wire rope-way at,

119, 120

Endless or running rope system
of wire rope-ways, the, 7-9,

19-22, 100-132

examples of installations on,

100-132

method of supporting rope

at standards, 7, 21, 22,

108, 145

prices of, 222-224

wire ropes for, 19-22, 101,

135, 139, 142, 150, 159,

162, 190, 191

End of terminal of wire rope-

way, 29-35. See also Examples
of installations

England, wire rope-ways in, 104,

106,119,120,123-128,146-148,

158-162, 173-174

Erection of wire rope
-
ways,

choice of proper system, 7

Esperance
- Longdoz Co., wire

rope-way of, 141-146

Estates, sugar, wire rope-ways

on, 128-135
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Estimate for wire rope-way
particulars required for, 221

,

222

to make approximate, 222-

224

Examples of installations of wire

rope-ways
on the fixed carrying rope

system, 133-177

on the running or endless

rope system, 101-132

Expenses of wire rope -ways.
See Cost

FACTORIES,
wire rope ways

at, 5, 125-128, 158-162,

174-177

Fall ropes for wire rope-way

arranged for hoisting and con-

veying, 38, 39, 178-200

Farley Forest, installation at,

146-148

Farm produce, wire rope ways
for removal of, 3, 4, 128-

135

Fernie -wire rope-way, wear of

rope through grips or couplings

on, 43

Finishing off splice, method of,

211

Five-strand wire rope, to splice,

209

Fixed carrying-rope system, 9-12,

examples of installations on,

133-177

methods of supporting at

standards, 10, 28, 29-145,

146

wire ropes or lines for, 27-

35, 133-177

Flexible rope table, 226

Floating crane, wire rope-way to

convey goods from, to shore,

116, 117

Fort Bath, wire rope-way at, 132

Fortifications, wire rope-way at,

167, 168

Forts.
'

See Fortifications

Foster. See Tilly Foster

France, wire rope-way on run-

ning-rope system in, 100-103

wire rope-way on fixed rope

system in, 135, 136, 151-

158

Friction grips or couplings, 39-46

grips or couplings for steep

gradients, 41, 42

Fuel, wood, wire rope-way for

transport of, 106-112

coal, wire rope-way for trans-

port of, 112-116, 127,128,
158-162

Furnaces, Middlesbrough, in-

stallation at, 104

wire rope-ways at, 141-146,

149 151

GARRUCHA,
wire rope-way

at, 136-141

Gaslight Co., wire rope-

way of, 158-162

works, wire rope-ways at,

158-162

General table of round wire ropes,

227

Germany, wire rope made from

special steel from, 108

Gibraltar, wire rope-way at, 167,

168

Giesen, wire rope-way at, 43

Glissantoline, use of, for preserv-

ing wire ropes, 217
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Glynde, telpher line of wire rope-

way at, 173, 174

Gold mining, use of wire rope-

ways for, 178-188

Goods carriers, 57-62

wire rope-way to convey,
between floating crane

and shore, 116, 117

wire rope-way to convey,
between vessel and ware-

house, 5, 112-118, 181

textile, carrier, receptacle

for, 51-60

wire rope-way at fortifica-

tions for transport of,

167, 168

Gourjon system of wire rope-

ways, 100-103

Governing arrangements for tel-

pher line, 89-97

Grab buckets, self-filling, 186

Granite quarries, wire rope-way

at, 119, 120

Gravity, working wire rope

tramways by power of, 11,

12, 66-68

Great Transylvanian wire rope-

way, the, 149-151

Grenoble, wire rope-ways at, 101,

151, 152

Grips or couplings

claw-locking, 53-57

for steep gradients, 54-57

friction, 39-46

friction, for steep gradients,

41-46

pawl-locking, 50-53

wedge-locking. 53

Grooved driving drum, 64, 65

Guatemala, wire rope-ways in, 4,

128-132

Gunpowder cask carrier, 60

HALLIDIE
clip or saddle,

25-27, 105

improvements by, in

wire rope-ways, 8

Hauet, A., system of wire rope

tramways of, 135, 136

Hilly country, advantages of

wire rope-ways in, 1-2

Hodgson, C., system of wire rope-

ways of, 7

special arrangement of rope-

way of, 34

Hoisting and conveying loads,

wire rope-ways for, 13-15, 39-

40, 178-191

Holland, wire rope tramway in,

132

Hong Kong, wire rope-way at,

171

Hopper tower for placer mining,

187

Horse-power to propel loads up
an incline, 224-226

Huddersfield, wire rope-way at,

127, 128

Hungary, wire rope-way in, 149-

151

IMPROVED
system of tel-

pherage, 74-99

Inclination, table of co-

efficients of, 207, 208

Inclines, steepest practicable, for

endless-rope system, 7

steepestpracticable, for fixed-

rope system, 9

India, wire rope-way in, 120-122

Information, miscellaneous, 200-

228

Installations of wire rope-way on

running-rope system, 100-132
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Installations of wire rope-way on

fixed-rope system, 133-177

Insulator for use on telpher line,

97,98

Introductory, 1-6

Iron ore mines, wire rope-ways
at, 136 141, 171-173

posts or standards, 13-19

Italian Alps, wire rope-way in,

166, 167

Italy, wire rope-ways in, 162-166

T ALLA, Mount, wire rope-

| way at, 151, 152

Jamaica, wire rope-ways
in, 4, 128-132

Japan, wire rope-way in, 171-172

Jenkin, Professor Fleeming, in-

vention of the telpher system

by, 70

experiments on telpher

system by, 174

Joints or splices of wire ropes,

142, 143, 204-211

Junction of three lines of wire

rope-ways, 130

Junctions for wire rope-way, tem-

porary, 30

Jundiahy, wire rope-way at, 122,

123

" T^EARSAGE," testing of

J_\^ coaling apparatus on,

194

Kinking of wire ropes during

transport, 109

during unwinding, 220

Kink, short, to remove from a

wire rope, 221

Knot, star, the, 46, 47

Knots or carrier collars, 46-50

LAKE
SUPERIOR District,

wire rope-way in, 186

Lancashire, wire rope-

ways in, 5, 125

Land, removal of produce from,

by means of wire rope-way, 3,

4, 128-135

Lang lay of wire rope, so-called,

20, 21

Lead mines, wire rope-way at,

153-158

Leschen standards, 15-17

terminals, 30-33

dumping device, 33, 34

Lifting and conveying. See

Hoisting and conveying

Lineff, experiments of, with

telpher line, 174

Lines for fixed carrying rope

system, 27-35

for running or endless rope

system, 19-22

Linoleum works, wire rope-way
at, 128

Manufacturing Company.
See above

Linseed oil, boiled, use of, on

wire rope-ways, 110, 111

Liquid carrier, 60

Lismore, installation at, 189, 191

Loading stations, 27-35. See

also Examples of installations

vessels, wire rope-ways for,

5, 6, 112-118, 180, 181

Loads, convenient apportionment

of, 222

Locking grips or couplings

claw, 53-57
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Locking knots or carrier collars

for, 46-50

pawl, 50-53

London, wire rope-way near, 125

wire rope-way in, 158-162

Lowering carrier receptacle,

carriage or truck for, 38, 39

Low, Hon. P. B., plan for coaling

vessels at sea, 194, 195

Lubricating wire ropes, 110-111,

216-219

wire ropes, machines for,

217-219

M ACHLNES for cleaning
and lubricating wire

ropes, 217-219

Madras, wire rope-way in, 120-

123

Manure works, artificial, wire

rope-way at, 125
"
Marcellus," test of coaling

apparatus on. 196-200

Martinique, wire rope-ways in,

4, 128-131

Mauritius, wire rope-ways in, 4,

131, 132

M'Dowall &, Piper apparatus for

coaling ships at sea, 200

Mediterranean coast, wire rope-

way to, 136-141

Metcalf plan for coaling vessels

at sea, 200

Method of supporting carrying

rope at standards, best, 145,

146

of supporting fixed carrying

rope at standards, the,

104, 132, 146-148, 153-

173

Method of supporting running

ropes at standards, 7, 21, 22,

108, 145

of working wire rope-way,
the cheapest, 66, 67

Mexico, wire rope-way in, 106-

112

Mica grease, use of, for preserving
wire ropes, 217

Middlesbrough, wire rope-way
on fixed-rope system at, 104

Middlesex, wire rope-way in,

128

Miller, S., on coaling vessels at

sea, 192, 195-200

Mills, wire rope-ways at, 106-

112, 127, 128

Minerals, carrier receptacles for,

57-59

Mines, wire rope-ways at, 2, 3,

116-118, 123, 124, 136-141,

149-151, 153-158, 171, 182-

188

Minimum interval, devices for

securing on telpher lines, 76-

90

Miscellaneous information, 200-

228

Modified arrangement of endless-

rope system, 8, 9

Montana, wire rope-way in, 186-

188

Monte Penna, wire rope-way at,

162-166

Motive power for wire rope-ways,

6469, 70-99, 106, 113, 117,

120, 121, 128, 132-136, 140-

184. See also Driving
Mountainous districts, transport-

ing wire ropes in, 108, 109, 221

Mountain, Table, wire rope-way

up, 168, 169



INDEX 239

Mount Jalla, wire rope-way up,

151, 152

Movable junction for wire rope-

ways, 30

shunt for wire rope-ways,
128-131

Mules, transport of rope by, 108,

109, 201

NETHERLANDS
Land

Enclosui e Company, wire

rope-way of, 132

Newall, R. S., method of, for

securing wire ropes in sockets,

212

Newcastle on-Tyne, wire rope-

way at, 125-127

New South Wales, installation

in, 189, 191

New York, State of, wire rope-

way in, 182-186

New Zealand, wire rope-ways in,

116-118

Nine Elms Works, wire rope-way

at, 158-162

Northumberland, wire rope-way

in, 104-106, 125-127

OBACH
system, method of

supporting rope in, 29

installations on, 149-151

Oil, black West Virginia, for

lubricating purposes, 216, 217

boiled linseed, for lubricat-

ing purposes, 217

Open pit mining, wire rope-way
for, 2, 3, 178-191

Operations, temporary building,

wire rope-way for, 105-106,

120-122, 188-191

Ordinary form of saddle or

runner, 35

rope attachments, 214-216

Ore. See Iron ore mines, Mines,

Original system of telpherage,

72-74

advantages of telpherage,

70-72

Ortuella, wire rope in use on

wire rope-way at, 20, 21

Otto knot or carrier collar, 47 49

improvements in wire rope-

ways by, 9

See also Bleichert-Otto

Overburden, in open-pit mining,
wire rope-way for removal of,

2, 3, 182-188

PARALLEL
arc system,

blocking arrangements for

telpher line on, 81-83

Paris, wire rope-way near, 135,

136

Particulars required for estimate

for wire rope-way, 221, 222

Passenger carriers, 62, 63

Passengers, wire rope-way for,

167, 168, 171, 177

Pawl-locking grips or couplings,
50-53

Pendar de Bedar, power station

at, 139

Pendulum arms for supporting
fixed carrying rope, 28, 29,

145, 146

Pennsylvania, wire rope-way in,

188

Piedmont, wire rope-way in, 166,

167
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Piers, advantages of wire rope-

ways as, 5, 6

installations of wire rope-

ways as, 112-118, 169, 170

Pinerolo, wire rope-way at, 166,

167

Piper. See M'Dowall

Placer digging, wire rope-ways

for, 2, 3, 178-191

mining. See above

Plantations, beetroot, wire rope-

ways on, 3, 128, 129

sugar-cane, wire rope-ways

on, 3, 4, 128-135

Platform carrier, 61

Plomosos, wire rope-way at, 106-

112

Pohlig, J., wire rope-way con-

structed by, 141

Portable installation of wire

rope-way, 132

temporary junctions, 34

Porte de France cement works,
wire rope-way at, 151-152

Port Louis, wire rope-way at,

131-132

Posts or standards, 13-19

for fixed carrying rope, 13-

19, 28, 29

for running or endless rope,

7,19
Posts or standards

See also Installations on

various systems, 100-191

Power and angle stations, 113,

114, 137, 139, 144

absorber, 173. See also

Brakes

See also Driving, Curves

Premature decay of wire ropes,

prevention of, 216-219

Preserving wire ropes. See above

Price list of wire rope-ways,

approximate, 222-224

Prime cost of wire rope-ways.

See Cost, Price list, &c.

Principal applications of wire

rope-ways, 2-6

Print works, wire rope-ways at,

5, 125

Produce carrier receptacle, 59

farm, removal of, by means

of wire rope-way, 3, 4,

128-135

land, removal of, from, 3, 4,

128-135

Propelling loads up an incline,

224-226

Proper system of wire rope-way,
choice of, 7

Puerto del Coronel, power and

angle station at, 139

Pulleys for driving endless wire

rope, 64-66

Pulleys for supporting endless

running rope, 21-24, 26, 111

Puncheons, wire rope-ways for

transport of, 131-132

Pyrenees, wire rope-way in, 153-

158

QUARRIES,
slate, wirerope-

ways at, 188

stone, wire rope-ways at,

119-121

Quartz quarry, wire rope-way at,

119, 120

ECEPTACLES or vehicles,

carrier, 57-63

See also Installations on

different systems
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Releasing pawl grip or coupling,

arrangement for, 51-53

Removal of earth from trenches,
wire rope-way for, 178-191

of deposits from river beds,
wire rope-way for, 3,

186

of overburden in open-pit

mining, wire rope-ways

for, 2, 3, 178-188

of produce from land, 3, 4,

128-135

Remove a kink from a wire rope,

to, 221

Revue Universelle des Mines,

description of Beer system, 142

Mecanique. See Thiery and

Cretin

Richmond river, installation on,

189-191

River beds, handling deposits in,

3, 186

Roe & Bedlington, friction grip
or coupling of, 42

saddle for running -
rope

system of, 23, 24

Rope attachments, ordinary, 214-

216

fixed, carrying system, the,

9-12

fixed, carrying system, in-

stallations on, 133-177

running, or endless system,

the, 7-9

running, or endless system,
installations on, 100-132

Ropes, wire, for fixed carrying-

rope system, 27-35

wire, for running-rope sys-

tem, 22-27

wire, joints or splices of,

142-144, 209-214

16

Rope-way, temporary, for loading

and unloading vessels, 5, 181

temporary, for coaling

steamer at sea, 191-200

Round wire ropes, general table

of, 227
"
Roxburgh," test of apparatus
for coaling at sea on, 200

Rum puncheons, wire rope-way
for transport of, 131, 132

Runners or saddles for fixed

carrying rope, 35-39

Running or endless rope system,

the, 7-9

installations on, 100-132

method of supporting ropes,

7, 21, 22, 108

wire ropes or lines for, 19-22

Ryland, table of breaking strains

of steel wire, 228

SACK
carriers, 59

Saddles for running or end-

less rope system, 22-27

or runners for fixed-

rope system, 35-39

Saddle with gripping jaws, 25

Safety hoist for telpher line, 175

trucks or runners, 37-39

Sand, wire rope-way for digging
and conveying, 186

" San Francisco," testing coaling

apparatus on, 194

Santa Maria di Capua, wire

rope-way at, 162-166

Saw-mills, wire rope-way at, 146-

148, 162-166

Scotland, wire rope-way in, 146-

148

Screw-down brakes, inconveni-

ence of, 109, 110
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Section of ground, necessity of

accurate, 14, 221

Securing wire ropes, 211-214

Self-filling grab buckets, 186

Seraing furnaces, wire rope-way

at, 141-146

Serena de Bedar, wire rope-way

at, 136-141

Series system, blocking arrange-

ments for telpher line on, 76-78

Shackles. See Sockets, securing

wire ropes in

Sheaves, cutting down rims of,

during working, 111

or pulleys for endless or run-

ning rope, 21, 22

Ships, conveying coal, &c., to

and from, 5, 181

temporary rope-way for load-

ing and unloading, 181

wire rope-way for coaling, at

sea, 191-200

Shunt, travelling, for use with

wire rope-ways, 129

Signals used on wire rope-ways,

141, 166

Sinaloa, wire rope-way in, 106-

112

Single fixed -rope system with

one carrier, the, 10, 11

unit telpher carrier, 98, 99

Six-strand wire rope, to splice,

209-211

Slate quarries, wire rope-ways at,

188

Sling cask carrier, 60

sack carrier, 59

wood carrier, 61

Smith, J. Bucknall, on the manu-

facture of wire, 19

Sockets, securing wire-ropes in,

211-214

Somersetshire, wire rope-way in,

173, 174

South Africa, wire-rope tram-

ways in, 168-171

Spain, use of endless or running

rope system in, 8

installation of wire rope-way

in, 136-141

Spans, limit of, on endless -rope

system, 7

limit of, on fixed carrying-

rope system, 9

Sparking, to prevent excessive,

on telpher lines, 73

Special arrangements of wire

rope-ways, 178-200

arrangements of fixed carry-

ing ropes, 33-35

Speed of wire rope-ways, 10, 11,

43

of wire rope-ways, governing

arrangements for, 95-97,

109, 110, 136, 155, 156,

164

of wire rope-ways, governing

arrangements on telpher

lines, 95-97

See also Installations on dif-

ferent systems

Splices, giving way of, in wire

ropes, 110, 142, 143

Splicing wire ropes, method of,

209-211

Staines, wire rope-way at, 124,

128

Standards or posts for wire rope-

ways, 7, 13-19, 28, 29

See also Installations on dif-

ferent systems
Star knot, 46, 47

State of New York, wire rope-

way in, 182-186
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Stations, power and angle, 113,

114, 137, 139, 144

terminal, 29-33, 114-115,

120, 136, 159

Steam, driving by. See Driving

Steamers, wire rope-way for coal-

ing from collier, 191-200

Steel wire

breaking strains of, 228

ropes or lines, 19-22, 27-35

ropes, flexible, table of, 226

ropes, round, general table

of, 227

Steep grades, saddles for, 22-27

gradients, claw locking grip

or coupling for, 53-57

Stone, wire rope-way for transport

of, 119-121. See also Iron ore

mines

Storage bins, 135

Stores, wire rope-way for trans-

port of, 167, 168

Straight line, rope-way should

run in, 14, 221

Strains of steel wire, breaking,
228

flexible steel wire ropes,

breaking, 226

general, of round wire ropes,

breaking, 227

on carrying rope, to calcu-

late, 201-206

St Girons, wire rope-way at, 153-

158

St Imier, wire rope -way at, 101

St Kitts, wire rope-ways at, 4,

128, 131

St Louis, despatch of sand to,

186

Sugar bag carrier, 62

beetroot, farms, wire rope-

ways on, 3, 132

Sugar cane carrier, 61

cane plantations, advantages
of wire rope-ways on, 3, 4

cane plantations, travelling

shunt for wire rope-way

on, 129

cane, wire rope-way for

transport of, 128-131,

133-135

usine or factory, wire rope

tramway for conveyance
of workmen to, 171

Superior district, Lake, wire

rope-way in, 186

Supporting endless or running

rope at standards, methods of,

7, 21, 22, 108, 145

fixed carrying-rope at stan-

dards, methods of, 10, 28,

29, 145, 146

sheaves or pulleys for end-

less or running rope, 21-

24, 26, 111

sheaves or pulleys for round-

ing curves, 22

Survey for line of wire rope-way,

173, 174

Sussex, wire rope-way in, 173,

174

Swedish tar, use of, for lubri-

cating wire rope-way, 110, 111,

216

System, endless or running rope,

the, 7-9, 19-22, 100-132

fixed carrying rope, the. 9-1 2,

28, 29, 133-177

telpher electrical, 70-99,

173-177

telpher original, 72-74

telpher improved, 74-99

Systems of wire rope-ways, dif-

ferent, 6-12
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TABLE
of breaking strains

of steel wire, 228

of coefficients of inclina-

tion, 207, 208

general, of round wire

ropes, 227

of flexible steel wire ropes,

226

Mountain, wire rope-way

up, 168, 169

Tallow, use of, for lubricating

wire ropes, 217

Tanfani. See Ceretti and Tan-

fani

Tar, Swedish, use of, for lubricat-

ing wire ropes, 110, 111, 216

Telpher carrier, single unit, 98, 99

carrier, double unit, 99

lines of wire rope-way, 173-

177

Telpherage, 70-99, 224-228

Temporary building operations,

wire rope tramway for use at,

100-103, 104-106

junctions for wire rope-ways,
30

work, wire rope-ways for,

100-106

Terminals for wire rope-ways,
29-35

Textile goods, carrier receptacle

for, 59

goods, installation of wire
*

rope-way for carrying, 5,

119

Thiery and Cretin on calcu-

lating strains on carrying rope,

201-206

Three lines of wire rope-ways,

junction of, 130

Tiel, wire rope-way at, 100,

101

Tilly Foster Mines, wire rope-

way at, 182-186

Timber or bale carrier, 61

wire rope-way for transport

of, 106-112,146-148, 162-

166

Trains, telpher, method of con-

trolling distance between, 89-

97

Transporting cannon, 61

wire ropes in mountainous

districts, 108, 109, 221

Transylvanian wire rope-way, the

great, 149451

Travelling shunt for use with

wire rope-way, 129

Trenches, wire rope-way for re-

moving earth from, 2, 3, 178-

191

Truck or runner

best form of, 35

safety arrangements, 37-39

to couple to driving or haul-

ing rope, 39-57

with double wheels, 38

Trucks, runners, or saddles, 35-39

Tupper, St R. G. O., on coaling

vessels at sea, 194

Two parallel fixed-rope system,

arrangement of, with numerous

carriers, 10

parallel fixed-rope system,
with two carriers, 11, 12

Type of motive power for wire

rope-way, most suitable, 64

T TNCOILING wire rope,

directions for, 220

Uncoupling pawl grip,

arrangement, for, 51-

53
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Unguents, best types, for use on

wire rope-ways, 110, 111, 216-

219

United States, endless-rope sys-

tem in, 8

telpher system in, 174-

177

wire rope -ways in, 178-

188

Unloading stations, 104, 169,

170 See also Terminals

vessels, wire rope-ways for

loading, &c., 5, 181

Uprights. See Posts or Standards

Usines. See Sugar estates

VACUUM
machine for cleans-

ing and lubricating wire

ropes, 218, 219

Vajdahiinyad, wire rope-way at,

149-151

Vehicles, carrier receptacles or,

57-63

See also Installations on

different systems

Vessels, wire ropo-way for con-

veying goods between, and

warehouse, 5, 6, 180, 181

wire rope-way for loading
and unloading, 112-118,

180, 181

wire rope-way for permit-

ting, to be coaled at sea,

191-200

Villa Reforma, span of wire

rope-way at, 139

Virginia oil, black West, use of,

for lubricating wire rope-ways,

216, 217

WALSH,
J. E., plan for

coaling vessels at sea,

195

Warehouse, wire rope tramway
to convey goods between, and

floating crane, 116, 117

wire rope tramway to con-

vey goods between, and

ship or vessel, 5, 6, 180,
181

War Office, wire rope-ways con-

structed for, 167, 168

Wasteful application of lubri-

cants on wire rope-ways, 217

Water power, working wire rope-

ways by, 97, 121, 128, 164

works, wire rope-ways at,

104-106, 168, 169

Wear of ropes on wire rope-ways,

20, 21, 39, 216

Weston, telpher line of wire rope-

way at, 174

West Virginia oil, black, use of,

for lubricating wire rope-way,
111, 216, 217

Winding zinc wire in wire rope,

217

Wire rope
Albert lay, when new, 20

Albert lay, after use on wire

rope-way, 20, 21

Lang lay, so-called, patent,
20

ways, to estimate for, 221,

222

ways, different systems of,

6-12

ways, for coaling vessels at

sea, 191-200

ways, installations of, 100-

200

directions for uncoiling, 220
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Wire ropes
for fixed carrying

-
rope

system, 27-35

for running or endless rope

system, 19-22

ordinary attachments for,

214-216

securing, in sockets, &c.,

211-214

splicing, 209-211

to remove a kink from, 221

to preserve, 216, 217

table, general, of round, 227

table, of flexible, 226

Wire, steel, breaking strains of,

228

Wood carriers, 61

Wood fuel, wire rope-way for

transport of, 106-112

See also Timber

Wooden posts or standards, 13-19

Work, temporary, wire rope-way

for, 100-103, 104-106

Working wire rope-way, cheapest

method of, 66, 67

See also Cost

Workmen, number required on

wire rope-way. See Installa-

tions of wire rope-ways
wire rope-ways for convey-

ance of, 171

"V7ORKSHIRE, wire ropo-

X ways in, 127, 128

z INC, coating of, to preserve

wire ropes, 217

wire winding in wire

ropes, 217

Printed at THE DARIEN PRESS, Edinburgh.
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BEAMS* EXPERIMENTS ON THEIR FLEXURE.
Resulting in the Discovery of New Laws of Failure by Buckling. By
ALBERT E. GUY. Medium 8vo, cloth Net ps.

BLAST FURNACE CALCULATIONS AND TABLES
FOR FURNACE MANAGERS AND ENGINEERS. Containing
Rules and Formulae for Finding the Dimensions and Output Capacity of

any Furnace, as well as the regular Outfit of Stoves, Heating Surface
Volume of Air, Tuyere Area, &c, per ton of Iron per day of 24 hours.

By JOHN L. STEVENSON. F'cap 8vo, leather Net 55.

BOILER AND FACTORY CHIMNEYS. Their Draught-
Power and Stability. With a chapter on "

Lightning Conductors." By
ROBERT WILSON, A.I.C.E., author of "A Treatise on Steam Boilers,"
etc. Crown 8vo, cloth ... ... ... ... ... ... 35. 6d.

BOILER CONSTRUCTION. A Practical Handbook for

Engineers, Boiler-Makers, and Steam Users. Containing a large
Collection of Rules and Data relating to Recent Practice in the

Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, and Marine Steam-Boilers. By WALTER S. HUTTON, Civil and
Mechanical Engineer. With upwards of 500 Illustrations. Fourth
Edition, carefully Revised and Enlarged. Medium 8vo, over 680 pages,
cloth, strongly bound ... ... ... ... ... ... ... i8s.

HEAT, RADIATION, AND CONDUCTION NON-CONDUCTING MATERIALS AND COVERING* FOR
STEAM-BOILERS COMPOSITION, CALORIFIC-POWER AND EVAPORATIVE-POWER OF FUELS COM-
BUSTION, FIRING STEAM-BOILERS, PRODUCTS OF COMBUSTION, ETC. CHIMNEYS FOR STEAM-
BOILERS STEAM-BLAST FORCED-DRAUGHT FEED-WATER EFFECT OF HEAT ON WATER
EXPANSION OF WATER BY HEAT WEIGHT OF WATER AT DIFFERENT TEMPERATURES CONVEC-
TION CIRCULATION EVAPORATION PROPERTIES OF SATURATED STEAM EVAPORATIVE POWER
OF BOILERS PRIMING, ETC. WATER-HEATING-SURFACES OF STEAM-BOILERSTRANSMISSION OF
HEAT SMOKE-TUBES EVAPORATIVE POWER AND EFFICIENCY OF BOILERS WATER-CAPACITY
AND STEAM-CAPACITY OF BOILERS FIRE-GRATES, FIRE-BRIDGES, AND FIRE-BARSPOWER OF
BOILERS CYLINDRICAL SHELLS AND FURNACE-TUBES OF BOILERS, ETC. TESTS OF MATERIALS
STRENGTH AND WEIGHT OF BOILER-PLATESEFFECT OK TEMPERATURE ON METALS RIVET-
HOLES RIVETS RIVETED-JOINTS OF STEAM-BOILERS CAULKING ENDS OF CYLINDRICAL-
SHELLSSTAYS FOR BOILERS, ETC. STEAM-GENERATORS DESCRIPTION AND PROPORTIONS OF
CORNISH, LANCASHIRE, AND OTHER TYPES OF STATIONARY BOILERS BOILER-SETTING MULTI-
TUBULAR, LOCOMOTIVE, PORTABLE, MARINE, VERTICAL, AND WATER-TUBE BOILERS SUPER-
HEATERS COST OF STEAM PRODUCTION FURNACES FOR REFUSE-FUELS DESTRUCTORS, ETC.
SAFETY-VALVES STEAM-PIPES STOP -VALVES AND OTHER MOUNTINGS FOR BOILERS FEED-
PUMPS STEAM-PUMPS FEED-WATER CONSUMPTION INJECTORS INCRUSTATION AND CORROSION
FEED-WATER HEATERS EVAPORATORS TESTING BOILERS EVAPORATIVE PERFORMANCES OF

STEAM BOILERS : STEAM-BOILER EXPLOSIONS, ETC.

BOILERMAKER'S ASSISTANT. In Drawing, Templating,
and Calculating Boiler Work, etc. By J. COURTNEY, Practical
Boiler-Maker. Edited by D. K. CLARK, C.E. Eighth Edition.
Crown 8vo, cloth 2S .

BOILERMAKER'S READY RECKONER. With Examples
of Practical Geometry and Templating for the Use of Platers, Smiths,
and Riveters. By JOHN COURTNEY. Edited by D. K. CLARK,
M.Inst.C.E. Crown 8vo, cloth 45'

BOILERMAKER'S READY RECKONER AND ASSIS-
TANT, being the two previous mentioned volumes bound together in

one volume. With Examples of Practical Geometry and Templating for
the Use of Platers, Smiths, and Riveters. By JOHN COURTNEY, Edited
by D. K. CLARK, M.InstC.E. Fifth Edition, 480 pp., with 140 Illustra-

tions. Crown 8vo, half bound
75.
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BOILER MAKING AND PLATING* A Practical Handbook
for Workshop Operations, including an Appendix of Tables. By JOSEPH
G. HORNER, A.M.I.M.E. Second Edition thoroughly Revised and
Enlarged. 380 pp. with 351 Illustrations. Large Crown Svo, cloth.

Net ps.

BOILERS (STEAM)* Their Construction and Management. By
R. ARMSTRONG, C.E. Illustrated. Crown Svo, cloth ... is. 6d.

BOILERS* Their Strength, Construction, and Economical Working.
By R. WILSON, C.E. Fifth Edition. i2mo, cloth 6s.

BRIDGE CONSTRUCTION IN CAST AND WROUGHT
IRON. A Complete and Practical Treatise on, including Iron Founda-
tions. In Three Parts. Theoretical, Practical, and Descriptive. By
WILLIAM HUMBER, A.M.InstC.E., and M.lnst.M.E. Third Edition,
revised and much improved, with 115 Double Plates (20 of which now
first appear in this edition), and numerous Additions to the Text. In 2

vols., imp. 4to, half-bound in morocco 6 i6s. 6d.

BRIDGES AND VIADUCTS, IRON AND STEEL* A
Practical Treatise upon their Construction. For the Use of Engineers,
Draughtsmen, and Students. By FRANCIS CAMPIN, C.E. Crown Svo,
cloth 35. 6d.

BRIDGES (IRON) OF MODERATE SPAN: Their Con
struction and Erection. By H. W. PENDRED. With 40 illustrations.

Crown Svo, cloth ... ... ... ... ... ... ... 35.

BRIDGES, OBLIQUE* A Practical and Theoretical Essay.
With 13 large Plates. By the late GEORGE WATSON BUCK, M.Inst.C.E.
Fourth Edition, revised by his Son, J. H. WATSON BUCK, M.Inst.C.E.

;

and with the addition of Description to Diagrams for Facilitating the
Construction of Oblique Bridges, by W. H. Barlow, M.Inst.C.E. Royal
Svo, cloth I2S.

BRIDGES, TUBULAR AND OTHER IRON GIRDER.
Describing the Britannia and Conway Tubular Bridges. With a Sketch
of Iron Bridges, Etc. By G. D. DEMPSEY, C.E. Crown Svo, cloth 25.

CALCULATOR (NUMBER, WEIGHT AND FRAO
TIONAL). Containing upwards of 250,000 Separate Calculations, show-

ing at a Glance the Value at 422 Different Rates, ranging from r
*
gth of a

Penny to 2os. each, or per cwt., and ^20 per ton, of any number of
articles consecutively, from i to 470. Any number of cwts., qrs., and Ibs.,
from I cwt. to 470 cwts. Any number of tons, cwts., qrs., and Ibs., from
i to i,ooo tons. By WILLIAM CHADWICK, Public Accountant. Fourth
Edition, Revised and Improved. Svo, strongly bound i8s.

CALCULATOR (WEIGHT)* Being a Series of Tables upon a
New and Comprehensive Plan, exhibiting at one Reference the exact
Value of any Weight from i Ib. to 15 tons, at 300 Progressive Rates,
from id. to 168^. per cwt., and containing 186,000 Direct Answers, which,
with their Combinations, consisting of a single addition (mostly to be

performed at sight), will afford an aggregate of 10,266,000 Answers ; the
whole being calculated and designed to ensure correctness and promote
despatch. By HENRY HARBEN, Accountant. Sixth Edition, carefully
Corrected. Royal Svo, strongly half-bound i S&.
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CHAIN CABLES AND CHAINS* Comprising Sizes and
Curves of Links, Studs, Etc., Iron for Cables and Chains, Chain Cable
and Chain Making, Forming and Welding Links, Strength of Cables and

Chains, Certificates for Cables, Marking Cables, Prices of Chain Cables

and Chains, Etc., Etc. By THOMAS W. TRAILL, F.E.R.N., M.Inst.C.E.,

Engineer-Surveyor-in- Chief, Board of Trade, etc. iWith numerous Tables,

Illustrations, and Lithographic Drawings. Folio, cloth ... 2 2S.

CIVIL ENGINEERING, By HENRY LAW, M.Inst.C.E. Includ-

ing a Treatise on Hydraulic Engineering by G. R. BuRNELL, M.Inst.C.E.
Seventh Edition, Revised, with Large Additions on Recent Practice by
D. KINNEAR CLARK, M.Inst.C.E. Crown 8vo, cloth ... 6s. 6d.

COKE MODERN COKING PRACTICE. Including the

Analysis of Materials and Products. A handbook for those engaged
or interested in Coke Manufacture with recovery of Bye-Products. By
T. H. BYROM, F.I.C., F.C.S., Mem. Soc. Chem. Industry ;

Chief Chemist
to the Wigan Coal and Iron Co. ;

Author of " The Physics and Chemistry
of Mining"; and J. E. CHRISTOPHER, Mem. Soc. Chem. Industry.
1 68 pp., with numerous Illustrations. Demy 8vo, cloth.

[Just published. Net 8s. 6d.

COMPRESSED AIR WORK AND DIVING. A Handbook
for Engineers, comprising Deep Water Diving and the use of Compressed
Air for Sinking Caissons and Cylinders and for Driving Subaqueous
Tunnels. By G. W. M. BOYCOTT, Assoc. M.Inst.C.E. With numerous
Plates and other Illustrations. Medium 8vo, cloth. ... Net IDS. 6d.
STAGE DECOMPRESSION THE COMMON DIVING DRESS AND HELMET ROUQUAYROL-

DENAVROUZE APPARATUS FLEUSS DRESS THE DIVING BELL PUMPS PNEUMATIC CAISSONS
AND CYLINDERS TUNNELLING BLACKWALL AND ROTHERHITHE TUNNELS EAST RIVER
TUNNELS, NEW YORK ROCK BLASTING AIR COMPRESSORS.

CONDUCTORS FOR ELECTRICAL DISTRIBUTION,
their Materials and Manufacture. The Calculation of Circuits, Pole-line

Construction, Underground Working, and other Uses. By F. A. C.

PERRINE, A.M., D.Sc., Mem.Am.Inst.E.E. Medium 8vo, 300 pp., fully
illustrated Net 2os.

CONTINUOUS RAILWAY BRAKES. A Practical Treatise
on the several Systems in Use in the United Kingdom, their Construction
and Performance. By M. REYNOLDS. 8vo, cloth 95.

CRANES, the Construction of, and other Machinery for Raising
Heavy Bodies for the Erection of Buildings, Etc. By J. GLYNN, F.R.S.
Crown 8vo, cloth is. 6d.

CRUSHING AND GRINDING MACHINERY PRAO
TICE. A Handbook on the Machinery used in Crushing and Grinding
Operations on all classes of materials, including also a Glossary of

Technical Terms and Bibliography. By THOS. G. MARLOW, Grinding,
Drying, and Separating Machinery Specialist ;

Author of "
Drying

Machinery and Practice." With numerous Tables, Plates, and Illus-

trations. [/;* the press.

CURVES* TABLES OF TANGENTIAL ANGLES AND
MULTIPLES, For Setting-out Curves from $ to 200 Radius. By
A. BEAZELEY, M.Inst.C.E. Seventh Edition, Revised. With an

Appendix on the use of the Tables for Measuring up Curves. Printed
on 50 Cards, and sold in a cloth box, waistcoat-pocket size... 35. 6d.
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DRAINAGE OF LANDS, TOWNS AND BUILDINGS.
By G. D. DEMPSEY, C.E. Revised, with Large Additions on Recent
Practice in Drainage Engineering by D. KINNEAR CLARK, M.Inst.C.E.
Fourth Edition. Crown 8vo, cloth 45. 6d.

DRYING MACHINERY AND PRACTICE. A Handbook
on the Theory and Practice of Drying and Desiccating, with Classified

Description of Installations, Machinery, and Apparatus, including also

a Glossary of Technical Terms and Bibliography. By THOMAS G.

.MARLOW, Grinding, Drying, and Separating Machinery Specialist.
340 pages, with 173 Illustrations, and numerous tables. Medium 8vo

r

cloth [Just Published. Net. 125. 6d.

DRYING PROCESSES AND PATENTS. A Comple-
mentary volume to "

Drying Machinery and Practice." By THOS. G.

MARLOW. Describing the various Drying Processes as applied to

Sundry Materials
;
also a Classified Summary of the Patents connected

with Drying Processes and Apparati. [In the press.

DYNAMIC ELECTRICITY AND MAGNETISM, ELE-
MENTS OF. A Handbook for Students and Electrical Engineers.

By PHILIP ATKINSON, A.M., Ph.D. Crown 8vo, cloth, 417 pp., with

120 Illustrations ... ... ... ... ... ... ... los. 6d.

DYNAMO BUILDING. HOW TO MAKE A DYNAMO.
A Practical Treatise for Amateurs. By A. CROFTS. Crown 8vo, cloth. 2s.

DYNAMO ELECTRIC MACHINERY* Its Construction,

Design and Operation. In Two Volumes (Sold separately).
Vol. I. DIRECT CURRENT MACHINES. By SAMUEL SHELDON,

A.M., Ph.D., assisted by HOBART MASON, B.S., E.E. Seventh Edition,
Revised. Large crown 8vo, cloth. 288 pp., 202 Illustrations. 125. Net.

Vol. II. ALTERNATING CURRENT MACHINES. By SAMUEL
SHELDON, A.M., Ph.D., and HOBART MASON, B.S., E.E., and ERICH
HAUSMANN, B.S., E.E. Eighth Edition, Completely Rewritten. Large
crown 8vo, cloth. 366 pp., with 236 Illustrations. 125. Net,

DYNAMO MANAGEMENT* A Handybook of Theory and
Practice. For the use of Mechanics, Engineers, Students, and others

in charge of Dynamos. By G. W. LUMMIS-PATERSON, Electrical

Engineer. Fourth Edition, Revised and Enlarged.. 300 pp., with 117
Illustrations. Crown 8vo, cloth Net 45. 6d.

DYNAMO, MOTOR, AND SWITCHBOARD CIRCUITS
FOR ELECTRICAL ENGINEERS. A Practical Book dealing with

the subject of Direct, Alternating, and Polyphase Currents. By
WM. R. BOWKER, Consulting Electrical and Street Railway Engineer,
Prof, of Physics in the University of Southern California. Second Ed.,
Revised. Medium 8vo, cloth. With Diagrams Net 75. 6d.

DYNAMOS (ALTERNATING AND DIRECT CUR-
RENT). A Text-book on their Construction for Students, Engineer-
Constructors and Electricians-in-Charge. ByTYSON SEWELL, A.M.I.E.E.,
Lecturer and Demonstrator in Electrical Engineering at the Polytechnic,

Regent Street. 328 pp., with over 230 Illustrations. Large crown 8vo,

cloth Net is. 6d.
FUNDAMENTAL PRINCIPLES OF DIRECT CURRENTS THE MAGNETIC FIELD THE PRODUC-

TION OF AN ELECTRO-MOTIVE FORCE FUNDAMENTAL PRINCIPLES OF ALTERNATING CURRENTS
THE ALTERNATING MAGNETIC FIELD THE CAPACITY OF THE CIRCUIT BIPOLAR DYNAMO
CONSTRUCTION THEORY OF BIPOLAR MACHINES BIPOLAR DYNAMO DESIGN MULTIPOLAR
DYNAMO CONSTRUCTION MULTIPOLAR DYNAMO DESIGN SINGLE PHASE ALTERNATORS CON-
STRUCTION OF ALTERNATORS POLYPHASE ALTERNATORS EXCITING, COMPOUNDING ANI>

SYNCHRONISING OF ALTERNATORS.
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EARTHWORK DIAGRAMS, These Diagrams or Scales have
been designed with the intention of reducing the labour connected with

the computation of earthwork quantities, and especially those of railways
and roads. By R. A. ERSKINE-MURRAY, A.M.Inst.C.E., and Y. D.

KlRTON, A.M.Can.Soc.C.E. On a sheet in a roll, net 5S- or mounted
on card, net 75. 6d.

EARTHWORK MANUAL. By ALEX. J. GRAHAM, C E. Wiih
numerous Diagrams. Second Edition. i8mo, cloth . .. 25. 6~d.

EARTHWORK TABLES* Showing the Contents in Cubic Ysrrds

of Embankments, Cuttings, &c., of Heights or Depths up to an average
of 80 feet. By JOSEPH BROADBENT, C.E., and FRANCIS CAMPIN, C.E.
Crown 8vo, cloth 55.

EARTHWORK TABLES, HANDY GENERAL. Giving
the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 80 feet in Depth or Height, for use with
either 66 feet Chain or 100 feet Chain. By J. H. WATSON BUCK,
M.Inst.C.E. On a Sheet mounted in cloth case 35. 6d.

ELECTRIC LIGHT. Its Production and Use. By J. W. URQUHART.
Crown 8vo, cloth ... ... ... ... ... ... ... 75. 6d.

ELECTRIC LIGHT FITTING* A Handbook for Working
Electrical Engineers. By J. W. URQUHART. Crown 8vo, cloth 55.

ELECTRIC LIGHT FOR COUNTRY HOUSES. A Prac-
tical Handbook, including Particulars of the Cost of Plant and Working.
By J. H. KNIGHT. Crown 8vo, wrapper ... ... ... ... is.

ELECTRIC LIGHTING. By ALAN A. CAMPBELL SWINTON,
M.InstC.E., M.l.E.E. Crown 8vo, cloth is. 6d.

ELECTRIC LIGHTING AND HEATING. A POCKET-
BOOK. Comprising useful Formulae, Tables, Data, and Particulars
of Apparatus and Appliances for the Use of Central Station Engineers,
Contractors, and Engineers-in-Charge. By SYDNEY F. WALKER, R.N.,
M.I.E.E., M.I.M.E., A.M.Inst.C.E., Etc. F'cap 8vo, 448 pp., 270
Diagrams, and 240 Tables Net 75. 6d.

ELECTRIC POWER CONDUCTORS. By WM. A. DEL MAR,
A.C.G.I., Assoc. Mem. A.I.E.E., Assoc. I.E.E. Large crown 8vo, cloth.

336 pages, with numerous illustrations. [Just published. Net 95.
MATERIALS AND GAUGES TESTING WIRE AND CABLE ELECTRICAL PROPERTIES INSTALLA-

TION INSULATION AND INSULATED CONDUCTORS DEPRECIATION AND DETERIORATION
DETERMINATION OF SIZE FOR GIVEN VOLTAGE DROP AND POWER Loss THIRD RAIL CIRCUITS
DETERMINATION OF SIZE FOR GIVEN STRESS IN SPANS RAIL BONDS SPECIFICATIONS

TABLES OF INDUCTANCE, REACTANCE, AND CAPACITY, &c.

ELECTRIC SHIP-LIGHTING. A Handbook on the Practical

Fitting and Running of Ship's Electrical Plant. By J. W. URQUHART.
Crown 8vo, cloth ... ... ... ... ... . 75. 6d

ELECTRIC WIRING, DIAGRAMS AND SWITCH-
BOARDS. By NEWTON HARRISON, E.E., Instructor of Electrical

Engineering in the Newark Technical School. Crown 8vo, cloth Net 55.THE BEGINNING OF WIRING CALCULATING THE SIZE OF WIRE A SIMPLE ELECTRIC LIGHT
CIRCUIT CALCULATED ESTIMATING THE MAINS, FEEDERS, AND BRANCHES USING THE BRIDGE
FOR TESTING THE INSULATION RESISTANCE WIRING FOR MOTORS WIRING WITH CLEATS,MOULDING AND CONDUIT LAYING-OUT A CONDUIT SYSTEM POWER REQUIRED FOR LAMPS
LIGHTING OF A ROOM SWITCHBOARDS AND THEIR PURPOSE SWITCHBOARDS DESIGNED FOR
SHUNT AND COMPOUND-WOUND DYNAMOS PANEL SWITCHBOARDS, STREET RAILWAY SWITCH-
BOARDS, LIGHTNING ARRESTERS THE GROUND DETECTOR LOCATING GROUNDS ALTERNATING
CURRENT CIRCUITS THE POWER FACTOR IN CIRCUITS CALCULATION OF SIZFS OF WIRE FOR
SIW.LE, Two AND THREE PHASE CIRCUITS.
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ELECTRICAL AND MAGNETIC CALCULATIONS.
For the use of Electrical Engineers and Artisans, Teachers, Students,
and all others interested in the Theory and Application of Electricity and
Magnetism. By A. A. ATKINSON, M.S., Professor of Physics and
Electricity in Ohio University, Athens, Ohio. Crown 8vo, cloth Net 95.

ELECTRICAL CALCULATIONS (ELEMENTARY). A
Manual of Simple Engineering Mathematics, covering the whole field

of Direct Current Calculations, the Basis of Alternating Current
Mathematics, Networks and Typical Cases of Circuits, with Appendices
on Special Subjects. By T. O'CONOR SLOANE, A.M., E.M., Ph.D.,
Author of "The Standard Electrical Dictionary." Large Crown 8vo,
cloth, 314 pp. with Diagrams. [Just Published. Net ps.
EXPONENTIAL NOTATION MECHANICS AND PHYSICS OHM'S LAW RESISTANCE

KIRCHHOFF'S LAWS ARRANGEMENT OF BATTERIES ELECTRICAL ENERGY AND POWER BASES
AND RELATIONS OF ELECTRICAL UNITS THERMO-ELECTRICITY ELECTRO-CHEMISTRYFIELDS
OF FORCE MAGNETISM ELECTRO-MAGNETIC INDUCTION CAPACITY AND INDUCTANCE
HYSTERESIS AND FORCAULT CURRENTS ALTERNATING CURRENT NETWORKS DEMONSTRATIONS
BY CALCULUS.

ELECTRICAL DICTIONARY. A Popular Encyclopaedia of
Words and Terms used in the Practice of Electrical Engineering.
By T. O'CONOR SLOANE, A.M., E.M., Ph.D. Fourth Edition, with

Appendix. 690 pages and nearly 400 Illustrations. Large Crown 8vo,
cloth Net 75. 6d.

ELECTRICAL ENGINEERING* A First-Year's Course for

Students. By TYSON SEWELL, A.M.I.E.E., Lecturer and Demonstrator
in Electrical Engineering at the Polytechnic, Regent Street, London.
Fourth Edition, Revised, with Additions. Large Crown 8vo, cloth.

462 pp., with 278 Illustrations Net 55.
OHM'S LAW UNITS EMPLOYED IN ELECTRICAL ENGINEERING SERIES AND PARALLEL

CIRCUITS CURRENT DENSITY ANH POTENTIAL DROP IN THE CIRCUIT THE HEATING EFFECT
OF THE ELECTRIC CURRENT THE MAGNETIC EFFECT OF AN ELECTRIC CURRENT THE
MAGNETISATION OF IRON ELECTRO CHEMISTRY PRIMARY BATTERIES ACCUMULATORS
INDICATING INSTRUMENTS AMMETERS, VOLTMETERS, OHMMETERS ELECTRICITY SUPPLY
METERS MEASURING INSTRUMENTS, AND THE MEASUREMENT OF ELECTRICAL RESISTANCE
MEASUREMENT OF POTENTIAL DIFFERENCE, CAPACITY, CURRENT STRENGTH, AND PERME-
ABILITY ARC LAMPS INCANDESCENT LAMPS MANUFACTURE AND INSTALLATION PHOTO-
MKTRY THE CONTINUOUS CURRENT DYNAMO DIRECT CURRENT MOTORS ALTERNATING
CURRENTS TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS POLYPHASE WORKING
APPENDIX I., THE THREE WIRE SYSTEM APPENDIX II., QUESTIONS AND ANSWERS.

''

Distinctly one of the best books for those commencing the study of electrical engineering,
Everything is explained in simple language which even a beginner cannot fail to understand."
The Engineer.

ELECTRICAL ENGINEERING (ELEMENTARY). In

Theory and Practice. A Class Book for Junior and Senior Students and

Working Electricians. By J. H. ALEXANDER. With nearly 200 illustra-

tions. Crown 8vo, cloth Net 35. 6d.
FUNDAMENTAL PRINCIPLES ELECTRICAL CURRENTS SOLENOID COILS, GALVANOMETERS.

VOLT-METERS MEASURING INSTRUMENTS ALTERNATING CURRENTS DYNAMO ELECTRIC
MACHINES CONTINUOUS CURRENT DYNAMOS INDUCTION, STATIC TRANSFORMERS, CONVERTERS-
MOTORS PRIMARY AND STORAGE CELLS ARC LAMPS INCANDESCENT LAMPS SWITCHES
FUSES, ETC. CONDUCTORS AND CABLES ELECTRICAL ENERGY METERS SPECIFICATIONS
GENERATION AND TRANSMISSION OF ELECTRICAL ENERGY GENERATING STATIONS.

ELECTRICAL ENGINEERING, GENERAL LECTURES
ON. By C. PROTEUS STEINMETZ, A.M., Ph.D. Third edition, com-

piled and edited by J. LEROY HAYDEN. 284 pages, with Diagrams.
Medium 8vo, cloth [Just Published. Net 8s. 6d.

ELECTRICAL ENGINEERING* See ALTERNATING CURRENTS.
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ELECTRICAL TRANSMISSION OF ENERGY. A
Manual for the Design of Electrical Circuits. By ARTHUR VAUGHAN
ABBOTT, C.E., Member American Institute of Electrical Engineers,
etc. Fourth Edition, Rewritten and Enlarged, with numerous Tables,

Plates, and other Illustrations. Royal 8vo, 700 pages. Strongly bound
in cloth Net 30$.

ELECTRICAL TRANSMISSION OF ENERGY THREE
PHASE TRANSMISSION, A Practical Treatise on the Economic
Conditions governing the Transmission of Electric Energy by Under-

ground and Overhead Wires. By WILLIAM BREW, M.I.E.E., Late
Consultant Assistant, Dublin Corporation Electricity Supply.

[fn the press.

ELECTRICITY AS APPLIED TO MINING* By ARNOLD
LUPTON, M.Inst.C.E., M.I.Mech.E., M.I.E.E., late Professor of Coal

Mining at the Yorkshire College, Victoria University ;
G. D. ASPINALL

PARR, M.I.E.E., A.M.I.Mech.E., Head of the Electrical Engineering
Department, Yorkshire College, Victoria University ;

and HERBERT
PERKIN, M.I.M.E., Assistant Lecturer in the Mining Department of the

Yorkshire College, Victoria University. Second Edition, Revised and

Enlarged,medium 8vo, cloth, 300 pp., with about 170 illustrations. Net 125.
INTRODUCTORY DYNAMIC ELECTRICITY DRIVING OF THE DYNAMO THE STEAM TURBINE

DISTRIBUTION OF ELECTRICAL ENERGY STARTING AND STOPI-ING ELECTRICAL GENERATORS AND
MOTORS ELECTRIC CABLES CENTRAL ELECTRICAL PLANTS ELECTRICITY APPLIED TO
PUMPING AND HAULING ELECTRICITY APPLIED TO COAL CUTTING TYPICAL ELECTRIC PLANTS
RECENTLY ERECTED ELECTRIC LIGHTING BY ARC AND GLOW LAMPS MISCELLANEOUS APPLICA-
TIONS OF ELECTRICITY ELECTRICITY AS COMPARED WITH OTHER MODES OF TRANSMITTING
POWER DANGERS OF ELECTRICITY.

ELECTRICITY IN FACTORIES AND WORKSHOPS :

ITS COST AND CONVENIENCE, A Handybook for Power
Producers and Power Users. By A. P. HASLAM, M.J.E.E. 328 pp., with
numerous Illustrations. Large crown 8vo, cloth Net 75. 6d.
THE ELECTRIC MOTOR AND ITS ACCESSORIES THE DIRECT CURRENT MOTOR THE

ALTERNATING CURRENT MOTOR THE STARTING AND SPEED REGULATION OF ELECTRIC
MOTORS THE RATING AND EFFICIENCY OF ELECTRIC MOTORS THE PROVISION OF ELECTRIC
ENERGY THE COST OF ENERGY AS AFFECTED BY CONDITIONS OF WORKING THE QUESTION
FOR THE SMALL POWER USER INDEPENDENT GENERATING PLANTS OIL AND GAS ENGINE
PLANTS INDEPENDENT GENERATING PLANTS STEAM PLANTS POWER STATION TARIFFS THE
APPLICATIONS OF ELECTRIC POWER THE USE OF ELECTRIC POWER IN TEXTILE FACTORIES
ELECTRIC POWER IN PRINTING WORKS THE USE OF ELECTRIC POWER IN ENGINEERING
WORKSHOPS MISCELLANEOUS APPLICATIONS OF ELECTRIC POWER THE INSTALLATION OF
ELECTRIC MOTORS THE LIGHTING OF INDUSTRIAL ESTABLISHMENTS.

ELECTRICITY. A STUDENT'S TEXT-BOOK, ByH.M.
NOAD, F,R.S. 650 pp., 470 illustrations. Crown 8vo 95.

ELECTRICITY, POWER TRANSMITTED BY, AND
APPLIED BY THE ELECTRIC MOTOR, including Electric Railway
Construction. By PHILIP ATKINSON, A.M., Ph.D., author of " Elements
of Static Electricity." Fourth Edition, Enlarged, Crown Svo, cloth,

224 pp., with over 90 illustrations ... ... ... ... Net 95.

ELECTRO-PLATING AND ELECTRO-REFINING OF
METALS, Being a new edition of Alexander Watt's " Electro-De-

position." Revised and Largely Re-written by ARNOLD PHILIP,
Assoc, R.S.M., B.Sc., A.I.E.E., F.I.C., Principal Assistant to the

Admiralty Chemist, formerly Chief Chemist to the Engineering Depart-
ments of the India Office. 700 pp., with numerous Illustrations, Large
Crown Svo, cloth ^Net I2S. 6d.
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ENGINEERING DRAWING. A WORKMAN'S
MANUAL. By JOHN MAXTON, Instructor in Engineering Drawing,
Royal Naval College, Greenwich. Eighth Edition. 300 Plates and

Diagrams. Crown 8vo, cloth ... ... ... ... ... 35* 6d.

ENGINEERING ESTIMATES, COSTS, & ACCOUNTS.
A Guide to Commercial Engineering. With numerous examples of

Estimates and Costs of Millwright Work, Miscellaneous Productions,
Steam Engines and Steam Boilers

;
and a Section on the Preparation of

Costs Accounts. By A GENERAL MANAGER. Second Edition. 8vo,
cloth . 125.

ENGINEERING PROGRESS (1863-6). .By WM. HUMBER,
A.M.Inst.C.E. Complete in Four Vols. Containing 148 Double Plates,,
with Portraits and Copious Descriptive Letterpress. Imperial 4to, halt

morocco. Price, complete, 12 12s. ;
or each volume sold separately at

3 35. per Volume. Descriptive List of Contents on application.

ENGINEER'S AND MILLWRIGHTS ASSISTANT, A
Collection of Useful Tables, Rules, and Data. By WILLIAM TEMPLETON.
Eighth Edition, with Additions. i8mo cloth 25. 6(1*

ENGINEER'S HANDBOOK* A Practical Treatise on Modern
Engines and Boilers, Marine, Locomotive, and Stationary. And contain-

ing a large collection of Rules and Practical Data relating to Recent
Practice in Designing and Constructing all kinds of Engines, Boilers, and
other Engineering work. The whole constituting a comprehensive Key
to the Board of Trade and other Examinations for Certificates of Com-
petency in Modern Mechanical Engineering. By WALTER S. HUTTON.
Civil and Mechanical Engineer, Author of " The Works' Manager's
Handbook for Engineers," etc. With upwards of 420 Illustrations. Sixth

Edition, Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly
bound i8s.
" A mass of information set down in simple language, and in such a form that it can be easily

referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated by
the illustrations. The book will find its way on to most engineers' shelves, where it will rank as
one of the most useful books of reference." Practical Engineer."

Full of useful information, and should be found on the office shelf of all practical engineers."
English Mechanic.

ENGINEER'S, MECHANIC'S, ARCHITECT'S,
BUILDER'S, ETCt TABLES AND MEMORANDA. Selected and

Arranged by FRANCIS SMITH. Seventh Edition, Revised, including
ELECTRICAL TABLES, FORMULA, and MEMORANDA. Waistcoat-pocket
size, limp leather ... ... ... ... ... ... ... is. dd.

ENGINEER'S YEAR-BOOK FOR 1910. Comprising For-

mulae, Rules, Tables, Data and Memoranda. Forming a Compendium
of the Modern Practice of Civil, Mechanical, Electrical, Marine and Mine
Engineering. By H. R. KEMPE, M.Inst.C.E., Electrician to the Post

Office, formerly Principal Staff Engineer, Engineer-in-ChiePs Office,
General Post Office, London, Author of "A Handbook of Electrical

Testing,"
" The Electrical Engineer's Pocket-Book," etc. 1,200 pages.

With 1,000 Illustrations, specially Engraved for the work. Crown 8vo,
leather ... [Just published. 8s.
" Kemoe's Year-Book really requires no commendation. Its sphere of usefulness is widely

known, and it is used by engineers the world over." The Engineer." The volume is distinctly in ads^ance of most similar publications in this country." Engineering.
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ENGINEMAN'S POCKET COMPANION, and Practical

Educator for Enginemen, Boiler Attendants, and Mechanics. By
MICHAEL REYNOLDS. With 45 Illustrations and numerous Diagrams.
Fifth Edition. Royal i8mo, strongly bound for pocket wear 35. 6d.

EXCAVATION (EARTH AND ROCK). A Practical

Treatise, by CHARLES PRELINT, C.E. 365 pp., with Tables, many
Diagrams and Engravings. Royal 8vo, cloth ... ... Net i6s.

FACTORY ACCOUNTS* Their Principles and Practice. A
Handbook for Accountants and Manufacturers. By GARCKE E. and

J. M. FELLS. Crown Svo, cloth ... .'.. ... ... 75. 6d.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With a

History of Fire-Engines, their Construction, Use, and Management.
Hints on Fire-Brigades, &c. By C. F. T. YOUNG, C.E. Svo, cloth

FOUNDATIONS AND CONCRETE WORKS. With
Practical Remarks on Footings, Planking, Sand and Concrete, Beton,
Pile-driving, Caissons, and Cofferdams. By E. DOBSON. Crown Svo.

is. 6d.

FUEL, ITS COMBUSTION AND ECONOMY. Consisting
of an Abridgement of "A Treatise on the Combustion of Coal and the
Prevention of Smoke." By C. W. WILLIAMS, A.Inst.C.E. With exten-

sive Additions by D. KINNEAR CLARK, M.Jnst.C.E. Fourth Edition.
Crown Svo, cloth ... 35. 6d.

FUELS: SOLID, LIQUID, AND GASEOUS. Their Analysis
and Valuation. For the Use of Chemists and Engineers. By H. J.

PHILLIPS, F.C.S., formerly Analytical and Consulting Chemist to the

Great Eastern Railway. Fourth Edition. Crown Svo, cloth 2s. od.

GAS AND OIL ENGINE MANAGEMENT. A Practical

Guide for Users and Attendants, being Notes on Selection, Construction
and Management. By M. Powis BALE, M.Inst.C.E., M.I.Mech.E.,
Author of "Woodworking Machinery," etc. Second Edition, with an
additional Chapter on Gas Producers. Crown Svo, cloth Net 35. 6d.
SELECTING AND FIXING A GAS ENGINE PRINCIPLE OF WORKING, ETC. FAILURES AND

DEFECTS VALVES, IGNITION, PISTON RINGS, ETC. OIL ENGINES GAS PRODUCERS RULES,
TABLES, ETC.

GAS-ENGINE, A HANDBOOK ON THE. A Practical
Treatise on the Design, Construction, and Running of Internal Combus-
tion Engines. For the Use of Engine Builders, Mechanical Draughts-
men, Engineering Students, Users of Gas Engines, and others. By
HERMAN HAEDER, Civil Engineer, Wiesbaden. Translated from the

German, with the addition of numerous Useful Tables and other Matter,
by WILLIAM M. HUSKISSON, A.M.I. E.E. (Si years with Messrs. Crossley
Bros., of Openshaw). About 200 pages, with 500 Illustrations and
Tables Small 4to. [In preparation.

GAS ENGINEER'S POCKET-BOOK. Comprising Tables,
Notes and Memoranda relating to the Manufacture, Distribution, and
Use of Coal Gas and the Construction of Gas Works. By H. O'CONNOR,
A. M.Inst.C.E. Third Edition, Revised. Crown Svo, leather

Net i os. 6d.

GAS-ENGINE HANDBOOK. A Manual of Useful Information
for the Designer and the Engineer. By E. W. ROBERTS, M.E. With
Forty Full-page Engravings. Small F'cap. Svo, leather Net 8s. 6d.
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GAS-ENGINES AND PRODUCER-GAS PLANTS. A
Treatise setting forth the Principles of Gas Engines and Producer

Design, the Selection and Installation of an Engine, the Care of Gas
Engines and Producer-Gas Plants, with a Chapter on Volatile Hydro-
carbon and Oil Engines. By R. E. MATHOT, M.E. Translated from
the French. With a Preface by DuGALD CLERK, M.Inst.C.E., F.C.S.
Medium 8vo, cloth, 310 pages, with about 150 Illustrations Net I2S.
MOTIVE POWER AMD COST OF INSTALLATION SELECTION OF AN ENGINE INSTALLATION

OF AN ENGINE FOUNDATION AND EXHAUST WATER CIRCULATION LUBRICATION CONDITIONS
OF PERFECT OPERATION How TO START AN ENGINE PRECAUTIONS PERTURBATIONS IN THE
OPERATION OF ENGINES PRODUCER-GAS ENGINES PRODUCER-GASPRESSURE GAS-PRODUCERS
SUCTION GAS-PRODUCERSOIL AND VOLATILE HYDROCARBON ENGINES THE SELECTION

OF AN ENGINE.

GAS ENGINES. With Appendix describing a Recent Engine with
Tube Igniter. By T. M. GOODEVE, M.A. Crown 8vo, cloth 2S. 6d.

GAS ENGINES. See also INTERNAL COMBUSTION ENGINES.

GAS LIGHTING. See also ACETYLENE.

GAS LIGHTING FOR COUNTRY HOUSES. See PETROL
AIR GAS.

GAS MANUFACTURE, CHEMISTRY OF. A Practical

Manual for the Use of Gas Engineers, Gas Managers and Students. By
HAROLD M. ROYLE, F.C.S., Chief Chemical Assistant at the Beckton
Gas Works. Demy Svo, cloth. 340 pages, with numerous Illustrations

and Coloured Plate Net 125. 6d.
PREPARATION OF STANDARD SOLUTIONS ANALYSIS OF COALS DESCRIPTION OF VARIOUS

TYPES OF FURNACES PRODUCTS OF CARBONISATION AT VARIOUS TEMPERATURES ANALYSIS OF
CRUDE GAS ANALYSIS OF LIME ANALYSIS OF AMMONIACAL LIQUOR ANALYTICAL VALUATION
OF OXIDE OF IRON ESTIMATION OF NAPHTHAI.IN ANALYSIS OF FIRE-BRICKS AND FIRE-CLAY
ART OF PHOTOMETRY CARBURETTED WATER GAS -APPENDIX CONTAINING STATUTORY AND

OFFICIAL REGULATIONS FOR TESTING GAS, VALUABLE EXCERPTS FROM VARIOUS IMPORTANT
PAPERS ON GAS CHEMISTRY, USEFUL TABLES, MEMORANDA, ETC.

GAS "WORKS. Their Construction and Arrangement, and the
Manufacture and Distribution of Coal Gas. By S. HUGHES, C.E. Ninth
Edition. Revised, with Notices of Recent Improvements, by HENRY
O'CONNOR, A.M.Inst.C.E. Crown Svo, cloth ... ... .. 6s.

GEOMETRY* For the Architect, Engineer, and Mechanic. By
E. W. TARN, M.A.

,
Architect. Svo, cloth ps.

GEOMETRY FOR TECHNICAL STUDENTS. By E. H.
SPRAGUE, A.M.Inst.C.E. Crown Svo, cloth Net is.

GEOMETRY OF COMPASSES. By OLIVER BYRNE. Coloured
Plates. Crown Svo, cloth 35. 6d.

GUNNERY. Set RECOIL OF GUNS.

HEAT, EXPANSION OF STRUCTURES BY. By JOHN
KEILY, C.E. Crown Svo, cloth 35. 6d.

HOISTING MACHINERY. Including the Elements of Crane
Construction and Descriptions of the Various Types of Cranes in Use.

By JOSEPH HORNER, A.M. I. M.E. Crown Svo, cloth, with 215 Illustra-

tions, including Folding Plates ... ... ... ... Net 75. 6d.

HYDRAULIC MANUAL. Consisting of Working Tables and
Explanatory Text. Intended as a Guide in Hydraulic Calculations and
Field Operations. By Lowis D'A. JACKSON. Fourth Edition, Enlarged.
Large Crown Svo, cloth ... ... ... ... ... ... i6s.
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HYDRAULIC POWER ENGINEERING. A Practical
Manual on the Concentration and Transmission of Power by Hydraulic
Machinery. By G. CROYDON MARKS, A.M.Inst.C.E. Second Edition,
Enlarged, with about 240 Illustrations. 8vo, cloth ... Net ios. 6d.
SUMMARY OF CONTENTS : PRINCIPLES OF HYDRAULICS-THE FLOW OK WATER-

HYDRAULIC PRESSURES -MATERIAL TEST LOAD PACKING FOR SLIDING SURFACES PIPE JOINTS
CONTROLLING VALVES PLATFORM LIFTS WORKSHOP AND FOUNDRY CRANES WAREHOUSE

AND DOCK CRANES HYDRAULIC ACCUMULATORS PRESSES FOR BALING AND OTHER PURPOSES
SHEET METAL WORKING AND FORGING MACHINERY HYDRAULIC RIVETERS HAND AND POWER
PUMPS STEAM PUMPS TURBINES IMPULSE TURBINES REACTION TURBINES DESIGN OF
TURBINES IN DETAIL WATER WHEELS HYDRAULIC ENGINES RECENT ACHIEVEMENTS
PRESSURE OF WATER ACTION OF PUMPS, ETC.

HYDRAULIC TABLES, CO-EFFICIENTS, AND
FORMULAE. For Finding the Discharge of Water from' Orifices,

Notches, Weirs, Pipes, and Rivers. With New Formulae, Tables, and
General Information on Rainfall, Catchment-Basins, Drainage, Sewerage,
'Water Supply for Towns and Mill Power. By JOHN NEVILLE, C.E.,
M.R.I.A. Third Edition, Revised, with additions. Numerous Illustra-

tions. Crown 8vo, cloth ... ... ... ... ... ... 145.

INTERNAL COMBUSTION ENGINES. Their Theory,
Construction, and Operation. By ROLLA C. CARPENTER, M.M.E.,
LL.D., and H. DIEDERICHS, M.E., Professors of Experimental Engi-
neering, Sibley College, Cornell University. 610 pages, with 373 Illus-

trations. Medium 8vo, cloth Netais.
INTRODUCTION, DEFINITIONS AND CLASSIFICATIONS, INDICATED AND BRAKE HORSF-COWER

THERMODYNAMICS OF THE GAS ENGINE THEORETICAL COMPARISON OF VARIOUS TYPES OF
INTERNAL COMBUSTION ENGINES THE VARIOUS EVENTS OF THE CONSTANT-VOLUME AND
CONSTANT-PRESSURE CYCLE AS MODIFIED BY PRACTICAL CONDITIONS THE TEMPERATURE
ENTROPY DIAGRAM APPLIED TO THE GAS ENGINE COMBUSTION GAS-ENGINE FUELS, THE
SOLID FUELS, GAS PRODUCERS THE GAS-ENGINE FUELS, LIQUID FUELS, CARBURETERS AND
VAPORISERS GAS-ENGINE FUELS, THE GAS FUELS, THE FUEL MIXTURE EXPLOSIBILITY, PRFS-
SURE AND TEMPERATURE THE HISTORY OF THE GAS ENGINE MODERN TYPES OF INTERNAL
COMBUSTION ENGINES GAS ENGINE AUXILIARIES, IGNITION, MUFFLERS, AND STARTING
APPARATUS REGULATION OF INTERNAL COMBUSTION ENGINES THE ESTIMATION OF POWER
OF GAS ENGINES METHODS OF TESTING INTERNAL COMBUSTION ENGINES THE PERFORMANCE
OF GAS ENGINES AND GAS PRODUCERS COST OF INSTALLATION AND OF OPERATION.

IRON AND METAL TRADES COMPANION. For Ex-

peditiously Ascertaining the Value of any Goods bought or sold by
Weight, from is. per cwt. to II2.*-. per cwt., and from one farthing per
pound to one shilling per pound. By THOMAS DOWNIE. Strongly
bound in leather, 396 pp. ps.

IRON AND STEEL, A Work for the Forge, Foundry, Factory,
and Office. Containing ready, useful, and trustworthy Information for

Ironmasters and their Stock-takers
; Managers of Bar, Rail, Plate, and

Sheet Rolling Mills
;
Iron and Metal Founders

;
Iron Ship and Bridge

Builders
; Mechanical, Mining, and Consulting Engineers ; Architects,

Contractors, Builders, etc. By CHARLES HOARE, Author of "The
Slide Rule," etc. Ninth Edition. 321110, leather ... 6s.

IRON AND STEEL CONSTRUCTIONAL WORK, as

applied to Public, Private, and Domestic Buildings. By FRANCIS
CAMPIN, C.E. Crown 8*0, cloth

'

35. 6d.

IRON AND STEEL GIRDERS* A Graphic Table for Facili-

tating the Computation of the Weights of Wrought Iron and Steel

Girders, etc., for Parliamentary and other Estimates. By J. H. WATSON
BUCK, M.Inst.C.E. On a Sheet 2s. <5d.
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IRON-PLATE WEIGHT TABLES* For Iron Shipbuilders,

Engineers, and Iron Merchants. Containing the Calculated Weights of

upwards of 150,000 different sizes of Iron Plates from I ft. by 6 in. by
| in. to 10 ft. by 5 ft. by i in. Worked out on the basis of 40 Ibs. to the

square foot of Iron I in. in thickness. By H. BlJRLlNSON and W. H.
SIMPSON. 4to, half-bound i 5S.

IRRIGATION (PIONEER)* A Manual of Information for

Farmers in the Colonies. By E. O. MAWSON, M.Inst.C.E., Executive

Engineer, Public Works -Department, Bombay. With Chapters on Light

Railways by E. R. CALTHROP, M.Inst.C.E., M.I.M.E. With Plates and

Diagrams. Demy Svo, cloth Net IDS. 6d.

VALUE OF IRRIGATION, AND SOURCES OF WATER SUPPLY DAMS AND WEIRS CANALS
UNDERGROUND WATER METHODS OF IRRIGATION SEWAGE IRRIGATION IMPERIAL AUTOMATIC
SLUICE GATES THE CULTIVATION OF IRRIGATED CROPS, VEGETABLES, AND FRUIT TREES
LIGHT RAILWAYS FOR HEAVY TRAFFIC USEFUL MEMORANDA AND DATA.

LATHE PRACTICE* A Complete and Practical Work on the

Modern American Lathe. By OSCAR E. PERRIGO, M.E., Author of
" Modern Machine Shop Construction, Equipment, and Management,"
etc. Medium Svo, 424 pp., 315 illustrations. Cloth ... Net I2S.

HISTORY OF THE LATHE UP TO THE INTRODUCTION OF SCREW THREADS ITS DEVELOPMENT
SINCE THE INTRODUCTION OF SCREW THREADS CLASSIFICATION OF LATHES LATHE DESIGI; .

THE BED AND ITS SUPPORTS THE HEAD-STOCK CASTING, THE SPINDLE, AND SPINDLE-CONE 1'HK

SPINDLE BEARINGS, THE BACK GEARS, AND THE TRIPLE-GEAR MECHANISM THE TAIL STOCIV,
THE CARRIAGE, THE APRON, ETC. TURNING RESTS, SUPPORTING RESTS, SHAFT STRAIGHTENERS,
ETC. LATHE ATTACHMENTS RAPID CHANGE GEAR MECHANISMS LATHE TOOLS, HIGH-SPEED

STEEL, SPEEDS AND FEEDS, POWER FOR CUTTING TOOLS, ETC. TESTING A LATHE LATHE WORK
ENGINE LATHES HEAVY LATHES HIGH-SPEED LATHES SPECIAL LATHES REGULAR TURRET

LATHES SPECIAL TURRET LATHES ELECTRICALLY-DRIVEN LATHES.

LATHE'WORK* A Practical Treatise on the Tools, Appliances,
and Processes employed in the Art of Turning. By PAUL N. HASLUCK.

Eighth Edition. Crown Svo, cloth ... 5.

LAW FOR ENGINEERS AND MANUFACTURERS.
See EVERY MAN'S OWN LAWYER. A Handybook of the Principles of

Law and Equity. By a Barrister. Forty-seventh (1910) Edition,
Revised and Enlarged, including Abstracts of the Legislation of 1909 of

especial interest to Engineering Firms and Manufacturers, such as the

Housing and Town Planning Act
;

the Development and Road Im-

provement Act ; the Trade Board Act
;
the Labour Exchanges Act, and

many other recent Acts. Large crown Svo, cloth, 838 pages
{Just published. Net 6s. 8d.

LEVELLING, PRINCIPLES AND PRACTICE OF* Showing
its Application to Purposes of Railway and Civil Engineering in the Con-

struction of Roads
;
with Mr. TELFORD'S Rules for the same. By

FREDERICK W. SIMMS, M.InstC.E. Ninth Edition, with LAW'S
Practical Examples for. Setting-out Railway Curves, and TRAUTWINE'S
Field Practice of Laying-out Circular Curves. With seven Plates and
numerous Woodcuts. Svo 8s. 6d.

LIGHTNING CONDUCTORS, MODERN. An Illustrated

Supplement to the Report of the Lightning Research Committee of 1905,
also the Phcenix Fire Office 1910 Rules, with Notes as to the Methods of

Protection, and Specifications. By KiLLiNGWORTH HEDGES,M.Inst.CE.,
M.I.E.E., Honorary Secretary to the Lightning Research Committee.

Second Edition, with additions. 132 pp., with Illustrations. Medium
Svo, cloth Just Published. Net 6s. 6d.
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LOCOMOTIVE ENGINE. The Autobiography of an old Loco-
motive Engine. BY ROBERT WEATHERBURN, M.I.M.E. With Illus-

trations and Portraits of GEORGE and ROBERT STEPHENSON. Crown
8vo. cloth Net*s. 6d.

LOCOMOTIVE ENGINE DEVELOPMENT. A Popular
Treatise on the Gradual Improvements made in Railway Engines
between 1803 and 1903. By CLEMENT C. STRETTON, C.E. Sixth

Edition, Revised and Enlarged. Crown Svo, cloth ... Net 4S. 6d.

LOCOMOTIVE ENGINE DRIVING. A Practical Manual for

Engineers in Charge of Locomotive Engines. By MICHAEL REYNOLDS,
M.S.E. Twelfth Edition. Crown Svo, cloth, 35. 6d. ;

cloth boards

45. 6d.

LOCOMOTIVE ENGINES. A Rudimentary Treatise on. By
G. D. DEMPSEY, C.E. With large additions treating of the Modern
Locomotive, by D. K. CLARK, M.Inst.C. K. With Illustrations. Crown
Svo, cloth ... ... ... ... ... ... ... ... 35.

LOCOMOTIVE (MODEL) ENGINEER, Fireman and Engine-
boy. Comprising a Historical Notice of the Pioneer Locomotive
Engines and their Inventors. By MICHAEL REYNOLDS. Crown Svo,

cloth, 35. 6d. ;
cloth boards 45. 6d.

LOCOMOTIVES, THE APPLICATION OF HIGHLY
SUPERHEATED STEAM TO. See STEAM.

MACHINERY, DETAILS OF* Comprising Instructions for

the Execution of various Works in Iron in the Fitting Shop, Foundry,
and Boiler Yard. By FRANCIS CAMPIN, C.E. Crown Svo, cloth 35.

MACHINE SHOP TOOLS* A Practical Treatise describing in

every detail the Construction, Operation and Manipulation of both Hand
and Machine Tools

; being a work of Practical Instruction in all Classes
of Modern Machine Shop Practice, including Chapters on Filing,
Fitting and Scraping Surfaces

;
on Drills, Reamers, Taps and Dies

;

the Lathe and its Tools
; Planers, Shapers and their Tools

; Milling
Machines and Cutters

;
Gear Cutters and Gear Cutting ; Drilling

Machines and Drill Work, &c. By W. H. VAN DERVOORT, M.E.,
Illustrated by 673 Engravings. Medium Svo Net 2is.

MAGNETOS FOR AUTOMOBILISTS : How made and How
used. A handybook on their Construction and Management. By S. R.
BOTTONE. Second Edition Enlarged. 118 pages, with 52 Illustrations.
Crown Svo, cloth [Just Published. Net zs.

MARINE ENGINEERING* An Elementary Manual for Young
Marine Engineers and Apprentices. By J. S. BREWER. Crown Svo,
doth... IS . 6d .

MARINE ENGINEER'S GUIDE to Board of Trade Examina-
tions for Certificates of Competency. Containing all Latest Questions
to Date, with Simple, Clear, and Correct Solutions

; 302 Elementary
Questions with Illustrated Answers, and Verbal Questions and Answers

;

complete Set of Drawings with Statements completed. By A. C. WANNAN,
C.E., Consulting Engineer, and E. W. I. WANNAN, M.I.M.E., Certifi-
cated First Class Marine Engineer. With numerous Engravings.
Fourth Edition, Enlarged. 500 pages Lge. Cr. Svo, cloth. Net los. 6d
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MARINE ENGINEER'S POCKET-BOOK. Containing latest

Board of Trade Rules and Data for Marine Engineers. By A. C. WANNAN.
Fifth Edition, 186 pages, Illustrated. Square i8mo, with thumb Index,
leather

[Just published. Net 45. 6d.

MARINE ENGINES AND BOILERS. Their Design and
Construction. A Handbook for the Use of Students, Engineers, and
Naval Constructors. Based on the Work "

Berechnung und Konstruktion
der Schiffsmaschinen und Kessel," by Dr. G. BAUER, Engineer-in-Chief
of the Vulcan Shipbuilding Yard, Stettin. Translated from the Second
German Edition by E. M. DONKIN and S. BRYAN DONKIN, A.M.I.C.E.
Edited by LESLIE S. ROBERTSON, Secretary to the Engineering Standards

Committee, M.I.C.E., M.I.M.E., M.I.N.A., Etc. With numerous Illus-

trations and Tables. Medium 8vo, cloth Net 255.
SUMMARY OF CONTENTS :-PART I. MAIN ENGINES: DETERMINATION OF

CYLINDER DIMENSIONS THE UTILISATION OF STEAM IN THE ENGINE STROKE OF PISTON
NUMBER OF RHVOLUTIONS TURNING MOMENT BALANCING OK THE MOVING PARTS ARRANGE-
MENT OF MAIN ENGINES DETAILS OF MAIN ENGINES THE CYLINDER VALVES VARIOUS
KINDS OF VALVE GEAR PISTON RODS PISTONS CONNECTING ROD AND CROSSHEAD VALVE
GEAR RODS BED PLATES ENGINE COLUMNS REVERSING AND TURNING GEAR. PART II.

PUMPS: AIR, CIRCULATING FEED, AND AUXILIARY PUMPS. PART III.: SHAFTING, RE-
SISTANCE OF SHIPS, PROPELLERS: THRUST SHAFT AND THRUST BLOCK TUNNEL
SHAFTS AND PLUMMER BLOCKS SHAFT COUPLINGS STERN TUBE THE SCREW PROPELLER
CONSTRUCTION OF THE SCREW. PART IV. PIPES AND CONNECTIONS: GENERAL
REMARKS, FLANGES, VALVES, ETC. UNDER-WATER FITTINGS MAIN STEAM, AUXILIARY STEAM,
AND EXHAUST PIPING FEED WATER, BILGE, BALLAST AND CIRCULATING PIPES. PART V.
STEAM BOILERS: FIRING AND THE GENERATION OF STEAM CYLINDRICAL BOILERS
LOCOMOTIVE BOILERS WATKR-TUBE BOILERS SMALL TUBE WATER-TUBE BOILERS SMOKE
Box FUNNEL AND BOILER LAGGING FORCED DRAUGHT BOILER FITTINGS AND MOUNTINGS.
PART VI. MEASURING INSTRUMENTS. PART VII. VARIOUS DETAILS: BOLTS,
NUTS, SCREW THREADS, ETC. PLATFORMS, GRATINGS, LADDERS FOUNDATIONS SEATINGS
LUBRICATION VENTILATION OF ENGINE ROOMS RULES FOR SPARE GEAR. PART VIII.
ADDITIONAL TABLES.

MARINE ENGINES AND STEAM VESSELS. By
R. MURRAY, C.E. Eighth Edition, thoroughly Revised, with Additions

by the Author and by GEORGE CARLISLE, C.E. Crown 8vo, cloth 45. 6d.

MARINE STEAM TURBINE. A Practical Description of the

Parsons Marine Turbine as presently constructed, fitted, and run,
intended for the use of Students, Marine Engineers, Superintendent
Engineers, Draughtsmen, Works' Managers, Foremen Engineers, and
others. By J. W. SOTHERN, Member, Institute of Engineers and

Shipbuilders in Scotland
;
Hon. Member, West of Scotland Foremen

Engineers and Draughtsmen's Association
; Principal, Sothern's Marine

Engineering College, Glasgow ; Member, Association of Engineering
Teachers. Previous editions translated into the French, German,
Spanish and Dutch languages. Illustrated by over 180 Diagrams,
Photographs, and Detail Drawings. Third Edition, re-written up to

date and greatly enlarged. 354 pages. Medium 8vo, cloth Net 125. 6d.

MARINE STEAM TURBINES. A Handbook for the use of

Students, Engineers, and Naval Constructors. Based on the work
" Schiffsturbinen." By Dr. G. BAUER, Engineer-in-Chief of the Vulcan

Shipbuilding Yard, Stettin, and O. L.ASCHE, Engineer-in-Chief of the

Steam Turbine Works of the A.E.G., Berlin. Translated from the

German by M. G. S. SWALLOW. With 104 Illustrations and Tables
In preparation.

MASONRY DAMS FROM INCEPTION TO COM-
PLETION. Including numerous Formulas, Forms of Specification and

Tender, Pocket Diagram of Forces, etc. For the use of Civil and Mining
Engineers. By C. F. COURTNEY, M.Inst.C.E. 8vo, cloth ... 95.
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MASTING, MAST^MAKING, AND RIGGING OF
SHIPS. Also Tables of Spars, Rigging, Blocks

; Chain, Wire, and

Hemp Ropes, etc., relative to every class of vessels. By R. KIPPING.

Crown 8vo, cloth ... ... 2s.

MATERIALS AND CONSTRUCTION. A Theoretical and
Practical Treatise on the Strains, Designing, and Erection of Works of

Construction. By F. CAMPIN. Crown 8vo, cloth 35.

MATERIALS, A TREATISE ON THE STRENGTH OF.
By P. BARLOW, F.R.S., P. W. BARLOW, F.R.S., and W. H. BARLOW,
F.R.S. Edited by WM. HUMBER, A.M.lnst.C.E. 8vo, cloth ... i8s.

MATHEMATICAL TABLES. For Trigonometrical, Astrono-

mical, and Nautical Calculations ;
to which is prefixed a Treatise on

Logarithms, by H. LAW, C.E. With Tables for Navigation and Nautical

Astronomy. By Prof. L R. YOUNG. Crown 8vo, cloth 45.

MEASURES: BRITISH AND AMERICAN CUSTOM^
ARY AND METRIC LEGAL MEASURES. For Commercial and
Technical Purposes, forming the Measure Section of Part I. of " The
Mechanical Engineer's Reference Book." By NELSON FOLEY, M.I.N.A.

Folio, cloth Net ?s* 6d.
MEASURES : LEGAL STANDARDS LINEAL SQUARE CUBIC AND CAPACITY WEIGHT

COMPOUND UNITS VELOCITY AND SPEED MEASURES OF GRAVITY MASS FORCE WORK;
POWER ELECTRICAL HEAT MOMENTS ENERGY MOMENTUM CENTRIFUGAL FORCE
ANGLES EQUIVALENTS : CUSTOMARY MEASURES TO METRIC, AND vice -versa LINEAL SQUARE
CUBIC AND CAPACITY WEIGHTS AND MONEY (ENGLISH, AMERICAN AND FRENCH).

MECHANICAL ENGINEERING. Comprising Metallurgy,
Moulding, Casting, Forging, Tools, Workshop Machinery, Mechanical

Manipulation, Manufacture of the Steam Engine, etc. By FRANCIS
CAMPIN, C.E. Third Edition. Crown 8vo, cloth 2s. 6d.

MECHANICAL ENGINEERING TERMS. LOCKWOOD'S
DICTIONARY. Embracing terms current in the Drawing Office,
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, etc.

Comprising upwards of 6,000 Definitions. Edited by J. G. HORNER,
A.M.I.M.E. Third Edition, Revised, with Additions. Crown 8vo, cloth.

Net 75. 6d.

MECHANICAL ENGINEER'S COMPANION. Areas,

Circumferences, Decimal Equivalents, in inches and feet, millimetres,

squares, cubes, roots, etc.
; Strength of Bolts, Weight of Iron, etc.

;

Weights, Measures, and other Data. Also Practical Rules for Engine
Proportions. By R. EDWARDS, M.Inst.C.E. F'cap. 8vo, cloth 35. 6d.

MECHANICAL ENGINEER'S POCKET- BOOK. Com-
prising Tables, Formulas, Rules, and Data : A Handy Book of Reference
for Daily use in Engineering Practice. By D. KINNEAR CLARK,
M.Inst.C.E., Sixth Edition, thoroughly Revised and Enlarged. By
H. H. P. POWLES, A.M.Inst.C.E., M.I.M.E. Small 8vo, 700 pp., Leather.

Net 6s.
MATHEMATICAL TABLES MEASUREMENT OF SURFACES AND SOLIDS ENGLISH WEIGHTS

AND MEASURES FRENCH METRIC WEIGHTS AND MEASURES FOREIGN WEIGHTS AND MEASURES
MONEYS SPECIFIC GRAVITY, WEIGHT, AND VOLUME MANUFACTURED METALS STEEL PIPES
BOLTS AND NUTS SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD,

TIN, ZINC STRENGTH OF MATERIALS STRENGTH OF TIMBER STRENGTH OF CAST IRON
STRENGTH OF WROUGHT IRON STRENGTH OF STEEL TENSILE STRENGTH OF COPPER, LEAD,
ETC. RESISTANCE OF STONES AND OTHER BUILDING MATERIALS RIVETED JOINTS IN BOILER
PLATES BOILER SHELLS WIRE ROPES AND HEMP ROPES CHAINS AND CHAIN CABLES-
FRAMING HARDNESS OK METALS, ALLOYS, AND STONES LABOUR OF ANIMALS MECHANICAL
PRINCIPLES GRAVITY AND FALL OF BODIES ACCELERATING AND RETARDING FORCES MILL
GEARING, SHAFTING, ETC. TRANSMISSION OF MOTIVE POWER HEAT COMBUSTION : FUELS
WARMING, VENTILATION, COOKING STOVES STEAM STEAM ENGINES AND BOILERS RAILWAYS
TRAMWAYS STEAM SHIPS PUMPING STEAM ENGINES AND PUMPS COAL GAS GAS ENGINES,

ETC. AIR IN MOTION COMPRESSED AIR HOT-AIR ENGINES WATER POWER SPEED OF
CUTTING TOOLS COLOURS ELECTRICAL ENGINEERING.
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MECHANICAL HANDLING OF MATERIAL. A Treatise

on the Handling of Material such as Coal, Ore, Timber, etc., by
Automatic or Semi-Automatic Machinery, together with the Various
Accessories used in the Manipulation of such Plant, and Dealing fully
with the Handling, Storing, and Warehousing of Grain. By G. F.

ZIMMER, A.M.Inst.C.E. 528 pp. Royal 8vo, cloth, with 550 Illustrations

(including Folding Plates) specially prepared for the Work ... Net 255.

MECHANICS* Being a concise Exposition of the General Principles
of Mechanical Science and their Applications. By C. TOMLINSON,
F.R.S. Crown Svo, cloth is. 6d.

MECHANICS CONDENSED. A Selection of Formula, Rules,
Tables, and Data for the Use of Engineering Students, etc. By
W. G. C. HUGHES, A.M.I.C.E. Crown Svo, cloth 2s. <5d.

MECHANICS OF AIR MACHINERY. By Dr. J. WIESBACH
and Prof. G. HERRMANN. Authorised Translation with an Appendix on
American Practice by A. TROWBRIDGE, Ph.B., Adjunct Professor of
Mechanical Engineering, Columbia University. Royal Svo, cloth

Net 1 8s.

MECHANICS* WORKSHOP COMPANION. Comprising
a great variety of the most Useful Rules and Formulas in Mechanical

Science, with numerous Tables of Practical Data and Calculated Results
for Facilitating Mechanical Operations. By WILLIAM TEMPLETON,
Author of "The Engineer's Practical Assistant," etc., etc. Nineteenth

Edition, Revised, Modernised, and considerably Enlarged by W. S.

HUTTON, C.E., Author of "The Works' Manager's Handbook," etc.

F'cp. Svo, nearly 500 pp., with 8 Plates and upwards of 270 Diagrams,
leather [justpublished. Net 55.

MECHANISM AND MACHINE TOOLS. By T. BAKER,
C.E. With Remarks on Tools and Machinery by J. NASMYTH, C.E.
Crown Svo, cloth 2s. 6d.

MENSURATION AND MEASURING. With the Mensura-
tion and Levelling of Land for the Purposes of Modern Engineering.
By T. BAKER, C.E. New Edition by E. NUGENT, C.E. Crown Svo,
cloth ... is. 6d.

METAL ' TURNING. A Practical Handbook for Engineers,
Technical Students, and Amateurs. By JOSEPH HORNER, A.M.I.Mech.E.,
Author of " Pattern Making," etc. Large Crown Svo, cloth, with 488
Illustrations ... ... ... ... ... ... ... Net 9$.
SUMMARY OF CONTENTS: INTRODUCTION RELATIONS OF TURNERY AND MACHINE SHOP

SEC. I. THE LATHE, ITS WORK AND TOOLS- FORMS AND FUNCTIONS OF TOOLS REMARKS ON
TURNING IN GENERAL SEC. II. TURNING BETWEEN CENTRES CENTRING AND DRIVING USE OF
STEADIES EXAMPLES OF TURNING INVOLVING LINING-OUT FOR CENTRES MANDREL WORK
SEC. III. WORK SUPPORTED AT ONE END FACE PLATE TURNING ANGLE PLATE TURNING-
INDEPENDENT JAW CHUCKS CONCENTRIC, UNIVERSAL, TOGGLE, AND APPLIED CHUCKS SEC. IV
INTERNAL WORK DRILLING, BORING, AND ALLIED OPERATIONS SEC. V. SCREW CUTTINGS AND
TURRET WORK SEC. VI. MISCELLANEOUS SPECIAL WORK MEASUREMENT, GRINDING TOOL
HOLDERS SPEED AND FEEDS, TOOL STKELS STEEL MAKERS' INSTRUCTIONS.

METRIC TABLES. In which the British Standard Measures and
Weights are compared with those of the Metric System at present in

Use on the Continent. By C. H. BOWLING, C.E. Svo, cloth ios. 6d.
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MILLING MACHINES : their Design, Construction, and Work-

ing. A Handbook for Practical Men and Engineering Students.

By JOSEPH HORNER, A.M.I.Mech.E., Author of "Pattern Making,"
etc. With 269 Illustrations. Medium 8vo, cloth ... Net 125. 6d.
LEADING ELEMENTS OF MILLING MACHINE DESIGN AND CONSTRUCTION PLAIN AND

UNIVERSAL MACHINES ATTACHMENTS AND BRACINGS VERTICAL SPINDLES MACHINES PLANO-
MILLERS OR SLABBING MACHINES SPECIAL MACHINES CUTTERS MILLING OPERATIONS-
INDEXING, SPIRAL WORK, AND WORM, SPUR, AND BEVEL GEARS, ETC. SPUR AND BEVEL GEARS
FEEDS AND SPEEDS.

MOTOR CAR* THE. For the Use of Students and Motor Car
Owners. With Notes on the Internal Combustion Engine and its Fuel.

By ROBERT W. A. BREWER, A.M.Inst.C.E., M.I.M.E., M.l.A.E.

250 pp. With numerous Illustrations. Demy 8vo, cloth ... Net 5s.
HISTORY OF THE INTERNAL COMBUSTION ENGINE TWO-CYCLE ENGINES LARGE ENGINES-

SCAVENGING MECHANICAL DETAILS OF CONSTRUCTION DETAILS OF THE MOVING PARTS
STRATIFICATION THERMAL EFFICIENCY-CAUSE AND EXTENT OF HEAT LOSSES TESTING OF
GAS ENGINES AND CALCULATIONS OF RESULTS GAS PRODUCERS OIL ENGINES THE PETROL
ENGINE AS EMPLOYED IN THE MOTOR CAR POWER AND WEIGHT OF PETROL ENGINES FRICTION
AND LUBRICATION OF ENGINES CLUTCHES AND CHANGE SPEED GEAKS TRANSMISSION GEAR
LIVE AXLES AND CHAIN DRIVE BRAKES THE DIFFERENTIAL GEAR FRAMES SUSPENSION
STEERING RADIATION, IGNITION, MECHANISM CARBURATION LIQUID FUEL BENZOL
FUEL MIXTURES ALCOHOL CARBURETTERS AND THE FLOW OF FUEL MODERNISING A MOTOR
CAR THE CARE OF THE CAR.

MOTOR CAR CATECHISM* Containing about 320 Questions
and Answers Explaining the Construction and Working of a Modern Motor
Car. For the Use of Owners, Drivers, and Students. By JOHN HENRY
KNIGHT. Second Edition, Revised and Enlarged, with an additional

chapter on Motor Cycles. Crown 8vo, with Illustrations. Net is. 6d.
THE PETROL ENGINE TRANSMISSION AND THE CHASSIS TYRES DUTIES OF A CAR DRIVER

MOTOR CYCLES LAWS AND REGULATIONS.

MOTOR CARS FOR COMMON ROADS. By A. J. WALLIS-

TAYLER, A.M.Inst.C.E. 212 pp., with 76 Illustrations. Crown 8vo,
cloth 45. 6d.

MOTOR VEHICLES FOR BUSINESS PURPOSES. A
Practical Handbook for those interested in the Transport of Passengers
and Goods. By A. J. WALLIS-TAYLER, A.M.Inst.C.E. With 134 Illus-

trations. Demy 8vo, cloth ... ... ... ... ... Net ps.

NAVAL ARCHITECT'S AND SHIPBUILDER'S
POCKET-BOOK. Of Formulae, Rules, and Tables, and Marine

Engineer's and Surveyor's Handy Book of Reference. By CLEMENT
MACKROW, M.I.N.A. Tenth Edition. F'cap., leather Net 125. 6d.
SIGNS AND SYMBOLS, DECIMAL FRACTIONS TRIGONOMETRY PRACTICAL GEOMETRY

MENSURATION CENTRES AND MOMENTS OF FIGURES MOMENTS OF INERTIA AND RADII
GYRATION ALGEBRAICAL EXPRESSIONS FOR SIMPSON'S RULES MECHANICAL PRINCIPLES-
CENTRE OF GRAVITY LAWS OF MOTION DISPLACEMENT, CENTRE OF BUOYANCY CENTRE
OF GRAVITY OF SHIP'S HULL STABILITY CURVES AND METACENTRES SEA AND SHALLOW-
WATER WAVES ROLLING OF SHIPS PROPULSION AND RESISTANCE OF VESSELS SPEED TRIALS
SAILING, CENTRE OF EFFORT DISTANCES DOWN RIVERS, COASTLINES STEERING AND RUDDERS
OK VESSELS LAUNCHING CALCULATIONS AND VELOCITIES WEIGHT OF MATERIAL AND GEAR
GUN PARTICULARS AND WEIGHT STANDARD GAUGES RIVETED JOINTS AND RIVETING

STRENGTH AND TESTS OF MATERIALS BINDING AND SHEARING STRESSES STRENGTH OF
SHAFTING, PILLARS, WHEELS, ETC. HYDRAULIC DATA, ETC. CONIC SECTIONS, CATENARIAN
CURVES MECHANICAL POWERS, WORK BOARD OF TRADE REGULATIONS FOR BOILERS AND
ENGINES BOARD OF TRADE REGULATIONS FOR SHIPS LLOYDS RULES FOR BOILERS LLOYD'S
WEIGHT OF CHAINS LLOYD'S SCANTLINGS FOR SHIPS DATA OF ENGINES AND VESSELS SHIPS'
FITTINGS AND TESTS SEASONING PRESERVING TIMBER MEASUREMENT OF TIMBER ALLOYS
PAINTS, VARNISHES DATA FOR STOWAGE ADMIRALTY TRANSPORT REGULATIONS RULES FOR
HORSE-POWER, SCREW PROPELLERS, ETC. PERCENTAGES FOR BUTT STRAPS PARTICULARS OF
YACHTS MASTING AND RIGGING DISTANCES OF FOREIGN PORTS TONNAGE TABLES VOCABULARY
OF FRENCH AND ENGLISH TERMS ENGLISH WEIGHTS AND MEASURES FOREIGN WEIGHTS AND
MEASURES DECIMAL EQUIVALENTS USEFUL NUMBERS CIRCULAR MEASURES- AREAS OF AND CIR-
CUMFERENCES OF CIRCLES AREAS OF SEGMENTS OF CIRCLES TABLES OF SQUARES AND CUBES AND
ROOTS OF NUMBERS TABLES OF LOGARITHMS OF NUMBERS TABLES OF HYPERBOLIC LOGARITHMS
TABLES OF NATURAL SINES, TANGENTS TABLES OF LOGARITHMIC SINES, TANGENTS, ETC.
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NAVAL ARCHITECTURE. An Exposition of the Elementary
Principles. By J. PEAKE. Crown 8vo, cloth 35. 6d.

NAVIGATION AND NAUTICAL ASTRONOMY* In

Theory and Practice. By Prof. J. R. YOUNG. Crown 8vo, cloth gs. 6d.

NAVIGATION, PRACTICAL* Consisting of the Sailor's Sea

Book, by J. GREENWOOD and W.. H. ROSSER
; together with Mathe-

matical and Nautical Tables for the Working of the Problems, by
H. LAW, C.E., and Prof. J. R. YOUNG 75.

PATTERN MAKING. Embracing the Main Types of

Engineering Construction, and including Gearing, Engine Work,
Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts,

Pumps and Cocks, the Moulding of Patterns in Loam and Greensand,
Weight of Castings, etc. By J. G. HORNER, A.M.I. M.E. Third Edition,
Enlarged. With 486 Illustrations. Crown 8vo, cloth ... Net 7S. 6d.

PATTERN MAKING, A Practical Work on the Art of Making
Patterns for Engineering and Foundry Work, including (among other

matter) Materials and Tools, Wood Patterns, Metal Patterns, Pattern

Shop Mathematics, Cost, Care, etc., of Patterns. By F. W. BARROWS.
Fully Illustrated by Engravings made from Special Drawings by the
Author. Crown 8vo, cloth Net 6s.

PETROL AIR GAS. A Practical Handbook on the Installation
and Working of Air Gas Lighting Systems for Country Houses. By
HENRY O'CONNOR, F.R.S.E., A.M.Inst.C.E., &c., author of "The Gas
Engineer's Pocket Book." 80 pages with Illustrations. Crown 8vo,
cloth. Net is. 6d.
DESCRIPTION OF PREVIOUS PLANTS AND SYSTEMS FOR COUNTRY-HOUSE LIGHTING, DIFFI-

CULTIES WITH, OBJECTIONS AND PRICES HISTORY OF PETROL GAS, COMPARATIVE COSTS-
PETROL, ITS NATURE, DANGERS, AND STORING, NOTES ON THE LAW REGARDING SAME
BURNERS, DESCRIPTION OF SAME, PIPING, MANTLES GENERAL PRINCIPLES OF PARTS OF
PLANTS MOTIVE POWER METERS WEIGHT- DRIVEN PLANTS ROOT'S BLOWERS HOT-AIR
ENGINES PELTON WATER-WHEELS DESCRIPTIONS OF VARIOUS PLANTS EXTRACT FROM AN ACT
FOR THE SAFE-KEEPING OF PETROLEUM AND OTHER SUBSTANCES OF A LIKE NATURE-
APPENDIX USEFUL NOTES.

PETROLEUM MINING AND OIL-FIELD DEVELOP-
MENT. A Guide to the Exploration of Petroleum Lands, and a

Study of the Engineering Problems connected with the Winning of

Petroleum, including Statistical Data of important Oil Fields. Notes
on the Origin and Distribution of Petroleum, and a description of the

Methods of Utilising Oil and Gas Fuel. By A. BEEBY THOMPSON,
A.M.I.Mech.E., F.G.S., Author of "The Oil Fields of Russia." 384

pages, 1 14 illustrations, including 22 full-page plates. Demy 8vo, cloth.

[Just published. Net 155.
"It is an admirable text-book by a competent authority on an interesting subject." Mining

Magazine." The present effort is likely to receive a warm welcome in engineering circles, and it can be

cordially commended for perusal. It will doubtless have that large sale to which its merits entitle

it." Mining World.
" The general aspects of the Petroleum Industry are fully and ably laid out." Engineer.

PIONEER ENGINEERING* A Treatise on the Engineering
Operations connected with the Settlement of Waste Lands in New
Countries. By E. DOBSON, M.Inst.C.E. Second Edition. Crown 8vo,

cloth ... ... ... 4s. 6d.

PNEUMATICS* Including Acoustics and the Phenomena of Wind
Currents, for the Use of Beginners. By CHARLES TOMLINSON, F.R.S.

Crown 8vo, cloth is. 6d.
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PORTLAND CEMENT, THE MODERN MANUFAC-
TURE OF. A Handbook for Manufacturers, Users, and all interested

in Portland Cement. By PERCY" C. H. WEST, Fellow of the Chemical

Society and of the Society of Chemical Industry. Vol. I. "Machinery
and^Kilns." 280 pages, with 159

'

Illustrations and numerous tables.

Royal 8vo, cloth Just Published. Net 125. 6d.

PRODUCER GAS PRACTICE (AMERICAN) AND
INDUSTRIAL GAS ENGINEERING. By NISBET LATTA, M.Amer.
Soc.M.E., M.Amer. Gas Inst. 558 pp., with 247 Illustrations. Demy
4to, cloth Just Published. Net ^s.
PRODUCER OPERATION CLEANING THE GAS WORKS DETAILS PRODUCER TYPES MOVING

GASES SOLID FUELS PHYSICAL PROPERTIES OF GASES CHEMICAL PROPERTIES OF GASES GAS
ANALYSIS GAS POWER GAS ENGINES INDUSTRIAL GAS APPLICATIONS FURNACES AND KILNS-
BURNING LIME AND CEMENT PRE-HEATING AIR DOHERTY COMBUSTION ECONOMIZER COM-
BUSTION IN FURNACES HKAT TEMPERATURE, RADIATION, AND CONDUCTION HEAT MEASURE-
MENTS : PYROMETRY AND CALORIMETRY PIPES, FLUES, AND CHIMNEYS MATERIALS: FIRECLAY,
MASONRY, WEIGHTS. AND ROPE USEFUL TABLES OIL FUEL PRODUCER GAS.

PRODUCER GAS. See also GAS ENGINES AND PRODUCER GAS
PLANTS.

PUMPS AND PUMPING. A Handbook for Pump Users. Being
Notes on Selection, Construction, and Management. By M. Powis
BALE, M.Inst.C.E., M.I.Mech.E. Fifth Edition. Crown 8vo, cloth, 35. 6d.

PUNCHES, DIES, AND TOOLS FOR MANUFACTUR-
ING IN PRESSES. By JOSEPH V. WOODWORTH. Medium 8vo, cloth,

482 pages with 700 Illustrations ... ... ... ... ... Net i6s.
SIMPLE BENDING AND FORMING DIES, THEIR CONSTRUCTION, USE AND OPERATION INTRI-

CATE COMBINATION, BENDING AND FORMING DIES, FOR ACCURATE AND RAPID PRODUCTION
AUTOMATIC FORMING, BENDING AND TWISTING DIES AND PUNCHES, FOR DIFFICULT AND NOVEL
SHAPING CUT, CARRY AND FOLLOW DIES, TOGETHER WITH TOOL COMBINATIONS FOR PROGRESSIVE
SHEET METAL WORKING NOTCHING, PERFORATING AND PIERCING PUNCHES, DIES AND TOOLS
COMPOSITE, SECTIONAL, COMPOUND AND ARMATURE DISK AND SEGMENT PUNCHES AND DlES
PROCESSES AND TOOLS FOR MAKING RIFLE CARTRIDGES, CARTRIDGE CASES OF QUICK-FIRING GUNS,
AND NICKEL BULLET JACKETS THE MANUFACTURE AND USE OF DIES FOR DRAWING WIRE AND
BAR STEEL PENS, PINS, AND NEEDLES, THEIR EVOLUTION AND MANUFACTURE PUNCHES, DIES,
AND PROCESSES FOR MAKING HYDRAULIC PACKING LEATHERS, TOGETHER WITH TOOLS FOR PAINT
AND CHEMICAL TABLETS DRAWING, RE-DRAWING, REDUCING, FLANGING, FORMING, REVERSING,
AND CUPPING PROCESSES, PUNCHES AND DIES FOR CIRCULAR AND RECTANGULAR AND SHEET-
METAL ARTICLES BEADING, WIRING, CURLING AND SEAMING PUNCHES AND DIES FOR CLOSING
AND ASSEMBLING OK METAL PARTS, &>(:., &*c.

RECLAMATION OF LAND FROM TIDAL WATERS.
A Handbook for Engineers, Landed Proprietors, and others interested

in Works of Reclamation. By A. BEAZELEY, M.Inst.CE. Svo, cloth

Net i os. 6d.

RECOIL OF GUNS WITH RECOIL CYLINDERS, THE
THEORY OF, By Professor F. RAUSENBERGER. Specially printed
from "

Artilleristische Moriatshefte." Translated by ALFRED SLATER.
100 pages, with 3 plates. Demy Svo, cloth Net IDS. 6d.
THE EXTERNAL FORCES ON A RECOILING-GUN MOUNTING WHICH COME INTO ACTION ON

FIRING DETERMINATION OF THE BREAK PRESSURE AND THE LENGTH OF RECOIL THE
RUNNING-FORWARD DEVICE RECOIL BRAKES THE RUNNING-FORWARD BRAKE NOTATION USED

REFRIGERATION AND ICE-MAKING POCKET-BOOK,
By A. J. WALLIS-TAYLER, A.M.Inst.C.E., Author of "Refrigerating and
Ice-making Machinery," etc. Fourth Ed. Cr. Svo, cloth Net 35. 6d.

REFRIGERATION, COLD STORAGE, AND ICE-
MAKING. A Practical Treatise on the Art and Science of Refrigera-
tion. By A. J. WALLIS-TAYLER, A.M.Inst.C.E. Containing the Third
Edition of "

Refrigerating and Ice-Making Machinery." Second Edition.
612 pp., 368 Illus. Medium Svo. [Justpublished. Net IDS. 6d.
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RIVER BARS* The Causes of their Formation, and their Treat-

ment by
" Induced Tidal Scour"

;
with a Description of the Successful

Reduction by this Method of the Bar at Dublin. By I. J. MANN, Assist.

Eng. to the Dublin Port and Docks Board. Royal Svo, cloth 75. 6d.

ROADS AND STREETS. By H. LAW, C.E., and D. K. CLARK,
C.E. Revised, with Additional Chapters by A. J. WALLIS-TAYLER,
A.M.Inst.C.E. Seventh Edition. Crown Svo. cloth 6s.

ROOFS OF WOOD AND IRON. Deduced chiefly from the

Works of Robison, Tredgold, and Humber. By E. W. TARN, M.A.,
Architect. Fifth Edition. Crown Svo, cloth ... ... is. 6d.

SAFE RAILWAY WORKING* A Treatise on Railway Acci-

dents, their Cause and Prevention
;
with a Description of Modern Appli-

ances and Systems. By CLEMENT E. STRETTON, C.E. Third Edition,

Enlarged. Crown Svo, cloth ... ... ... ... ... 35. 6d.

SAFE USE OF STEAM* Containing Rules for Unprofessional
Steam Users. By an ENGINEER. Eighth Edition. Sewed ... 6d.

SAILMAKING* By SAMUEL B. SADLER, Practical Sailmaker, late

in the employment of Messrs. Ratsey and Lapthorne, of Cowes and

Gosport. Second Edition, Revised. 4to, cloth ... Net 125. 6d.

SAILOR'S SEA BOOK* A Rudimentary Treatise on Navigation.
By JAMES GREENWOOD, B.A. With numerous Woodcuts and Coloured
Plates. New and Enlarged Edition. By VV. H. ROSSER. Crown Svo,
cloth 2s. 6d.

SAILS AND SAILMAKING* With Draughting, and the Centre of
Effort of the Sails. Weights and Sizes of Ropes ; Masting, Rigging and
Sails of Steam Vessels, etc. By R. KIPPING, N.A. Crown Svo, cloth

25. 6d.

SCREW-THREADS, and Methods of Producing Them. With
numerous Tables and complete Directions for using Screw-Cutting
Lathes. By PAUL N. HASLUCK, Author of "

Lathe-Work," etc. Sixth

Edition. Waistcoat-pocket size ... ... ... ... is. 6d.

SEA TERMS* PHRASES* AND WORDS (Technical Dic-

tionary. French-English, English- French), used in the English and
French Languages. For the Use of Seamen, Engineers, Pilots, Ship-
builders, Shipowners, and Shipbrokers. Compiled by W. PIRRIE, late ot

the African Steamship Company. F'cap. Svo, cloth 55.

SHIPBUILDING INDUSTRY OF GERMANY* Compiled
and Edited by G. LEHMANN-FELSKOWSKI. With Coloured Prints, Art

Supplements, and numerous Illustrations throughout the text. Super-
royal 410, cloth ... Net IDS. 6d.

SHIPS AND BOATS* By W. BLAND. With numerous Illus-

trations and Models. Tenth Edition. Crown Svo, cloth ... is. 6d.

SHIPS FOR OCEAN AND RIVER SERVICE* Principles
of the Construction of. By H. A. SOMMERFELDT. Crown Svo. is. 6d.
ATLAS OF ENGRAVINGS. To illustrate the above. Twelve large
folding Plates. Royal 410, cloth 75. 6d.

SMITHY AND FORGE* Including the Farrier's Art and Coach
Smithing. By W. J. E. CRANE. Crown Svo, cloth 2s. 6d.
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STATICS, GRAPHIC AND ANALYTIC* In their Practical

Application to the Treatment of Stresses in Roofs, Solid Girders, Lattice,

Bowstring, and Suspension Bridges, Braced Iron Arches and Piers, and
other Frameworks. By R. HUDSON GRAHAM, C.E. Containing Dia-

grams and Plates to Scale. With numerous Examples, many taken from

existing structures. Specially arranged for Class-work in Colleges and
Universities. Second Edition, Revised and Enlarged. 8vo, cloth. i6s.
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or studied."

Engineer.

STATIONARY ENGINE DRIVING. A Practical Manual
for Engineers in Charge of Stationary Engines. By MiCHAKL
REYNOLDS, M.S.E. Eighth Edition. Crown 8vo, cloth, 35. 6d. ;

cloth boards 45. 6d.
" The author is thoroughly acquainted with his subjects, and has produced a manual which is an

exceedingly useful one for the class for whom it is specially intended." Engineering.

STATIONARY ENGINES. A Practical Handbook of their

Care and Management for Men-in- Charge. By C. HURST. Crown 8vo
Net is.

STEAM: THE APPLICATION OF HIGHLY SUPER-
HEATED STEAM TO LOCOMOTIVES. Being a reprint from a
Series of Articles appearing in "The Engineer." By ROBERT GARBE,
Privy Councillor, Prussian State Railways. Translated from the German.
Edited by LESLIE S. ROBERTSON, Secretary of the Engineering Standards

Committee, M.Inst.C.E., M.I.Mech.E., M.Inst.N.A., etc. Medium 8vo,
cloth 75. 6d.

STEAM AND THE STEAM ENGINE. Stationary and
Portable. Being an Extension of the Treatise on the Steam Engine of

Mr. J. SEWELL. By D. K. CLARK, C.E. Fourth Edition. Crown 8vo,
cloth 35. 6d.
"
Every essential part of the subject is treated of competently, and in a popular style." Iron.

STEAM AND MACHINERY MANAGEMENT. A Guide
to the Arrangement and Economical Management of Machinery, with
Hints on Construction and Selection. By M. Powis BALE, M.Inst.M.E.
Crown 8vo, cloth 2s. 6d.
" Gives the results of wide experience." Lloyd's Newspaper.

STEAM ENGINE. A Practical Handbook compiled with especial
Reference to Small and Medium-sized Engines. For the Use of Engine
Makers, Mechanical Draughtsmen, Engineering Students, and users of
Steam Power. By HERMAN HAEDER, C.E. Translated from the German,
with additions and alterations, by H. H. P. POWLES, A.M.I.C.E., M.I.M.E.
Third Edition, Revised. With nearly 1,100 Illustrations. Crown 8vo,
cloth Net 7$. 6d.

"This is an excellent book, and should be in the hands of all who are interested in the construction
and design of medium-sized stationary engines. ... A careful study of its contents and the arrange-
ment of the sections leads to the conclusion that there is probably no other book like it in this country.
The volume aims at showing the results of practical experience, and it certainly may claim a complete
achievement of this idea." Nature.

STEAM ENGINE. A Treatise on the Mathematical Theory of,

with Rules and Examples for Practical Men. By T. BAKER, C.E.
Crown 8vo, cloth is. 6d.

STEAM ENGINE. For the Use of Beginners. By Dr. LARDNER.
Crown 8vo, cloth is. tfd.



CIVIL, MECHANICAL, ELECTRICAL & MARINE ENGINEERING. 25

STEAM ENGINE, A Text-Book on the Steam Engine, with a

Supplement on Gas Engines and Part II. on Heat Engines. By T. M.
GOODEVE, M.A., Barrister-at-Law, Professor of Mechanics at the Royal
College of Science, London

;
Author of "The Principles of Mechanics."

" The Elements of Mechanism," etc. Fourteenth Edition. Crown 8vo,
cloth 6s.

STEAM ENGINE (PORTABLE). A Practical Manual on its

Construction and Management. For the Use of Owners and Users of
Steam Engines generally. By WILLIAM DYSON WANSBROUGH.
Crown 8vo, cloth ... ... ... ... ... ... ... 35. 6d.

STEAM ENGINEERING IN THEORYAND PRACTICE.
By GARDNER D. Hiscox, M.E. With Chapters on Electrical Engineer-
ing. By NEWTON HARRISON, E.E., Author of "Electric Wiring, Dia-

grams, and Switchboards." 450 pages. Over 400 Detailed Engravings
Net i2s. 6d.

HISTORICAL STEAM AND ITS PROPERTIES APPLIANCES FOR THE GENERATION OF STEAM
TYPES OF BOILERS CHIMNEY AND ITS WORK HEAT ECONOMY OF THE FEED WATER

STEAM PUMPS AND THEIR WORK- INCRUSTATION AND ITS WORK STEAM ABOVE ATMOSPHERIC
PRESSURE FLOW OF STEAM FROM NOZZLES SUPERHEATED STEAM AND ITS WORK ADIABATIC
EXPANSION OF STEAM INDICATOR AND ITS WORK STEAM ENGINE PROPORTIONS SLIDE
VALVE ENGINES AND VALVE MOTION CORLISS ENGINE AND ITS VALVE GEAR COMPOUND
ENGINE AND ITS THEORY TRIPLK AND MULTIPLE EXPANSION ENGINE STEAM TURBINE
REFRIGERATION ELEVATORS AND THEIR MANAGEMENT COST OF POWER STEAM ENGINE
TROUBLES ELECTRIC POWER AND ELECTRIC PLANTS.

STEAM TURBINE* See MARINE STEAM TURBINE.

STONE BLASTING AND QUARRYING. For Building
and other Purposes. With Remarks on the Blowing up of Bridges.
By Gen. Sir J. BURGOYNE, K.C.B. Crown 8vo, cloth is. 6d.

STONE-WORKING MACHINERY. A Manual dealing with
the Rapid and Economical Conversion of Stone. With Hints on the

Arrangement and Management of Stone Works. By M. Powis BALE,
M.lnst.C.E. Crown 8vo, cloth ... ... ... ... ... 95.

STRAINS, HANDY; BOOK FOR THE CALCULATION
OF. In Girders and Similar Structures and their Strength. Consisting
of Formulas and Corresponding Diagrams, with numerous details for

Practical Application, etc. By WILLIAM HUMBER, A. M.lnst.C.E., etc.

Sixth Edition. Crown 8vo, with nearly 100 Woodcuts and 3 Plates,
cloth ... ... ... ... ... ... ... ... 75. 6d.
"We heartily commend this really handy book to our engineer and architect readers."

English Mechanic.

STRAINS ON STRUCTURES OF IRONWORK. With
Practical Remarks on Iron Construction. By F. W. SHEILDS,
M.lnst.C.E. 8vo, cloth 55.

SUBMARINE TELEGRAPHS* Their History, Construction,
and Working. Founded in part on Wunschendorffs " Traite de Tele-

graphic Sous-Marine," and compiled from Authoritative and Exclusive
Sources. By CHARLES BRIGHT, F.R.S.E., A.M.Inst.C.E., M.I.Mech.E.,
M.I.E.E. Super royal 8vo, nearly 800 pages, fully Illustrated, including
a large number of Maps and Folding Plates, strongly bound in cloth.

Net 3 35.
"Mr. Bright's interestingly written and admirably illustrated book will meet with a welcome

reception from cable men." Electrician.

SUPERHEATED STEAM, THE APPLICATION OF, TO
LOCOMOTIVES. See STEAM.
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SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURVEYORS. Including the Setting-out of Works for Construc-
tion and Surveys Abroad, with many Examples taken from Actual
Practice. A Handbook for Use in the Field and the Office, intended also

as a Text-book for Students. By JOHN WHITELAW, Jun., A.M.Inst.C.E.,
Author of " Points and Crossings." With about 260 Illustrations. Second
Edition. Demy 8vo, cloth Net ios. 6d.
SURVEYING WITH THE CHAIN ONLY SURVEYING WITH THE AID OF ANGULAR INSTRUMENTS-

LEVELLING ADJUSTMENT OF INSTRUMENTS RAILWAY (INCLUDING ROAD) SURVEYS ANU SETTING
OUT TACHEOMETRY OR STADIA SURVEYING TUNNEL ALIGNMENT AND SETTING OUT SURVEYS
FOR WATER SUPPLY WORKS HYDKOGRAPHICAL OR MARINE SURVEYING ASTRONOMICAL OBSERVA-
TIONS USED IN SURVEYING EXPLANATION OF ASTRONOMICAL TERMS SURVEYS ABROAD IN

JUNGLE, DENSE FOREST, AND UNMAPPED OPEN COUNTKV TRIGONOMETRICAL OR GEODETIC
SURVEYS.

"This work is written with admirable lucidity, and will certainly be found of distinct value both
to students and to those engaged in actual practice.

" The Builder.

SURVEYING, LAND AND ENGINEERING* For Students
and Practical Use. By T. BAKER, C.E. Twentieth Edition, by F. E.

DIXON, A.M.Inst.C.E. With Plates and Diagrams. Crown 8vo, cloth

SURVEYING, LAND AND MARINE, In Reference to tte

Preparation of Plans for Roads and Railways ; Canals, Rivers, Towns'
Water Supplies ; Docks and Harbours. With Description and Use of

Surveying Instruments. By W. DAVIS HASKOLL, C.E. Second Edition,
Revised, with Additions. Large Crown 8vo, cloth 95." This book must prove of great value to the student. We have no hesitation in recommending

it, feeling assured that it will more than repay a careful study." Mechanical World.

SURVEYING, PRACTICAL* A Text-book for Students Pre-

paring for Examinations or for Survey Work in the Colonies. By
GEORGE W. USILL, A.M.Inst.C.E. Eighth Edition, thoroughly Revised
and Enlarged by ALEX. BEAZELEY, M.Inst.C.E. With 4 Lithographic
Plates and 360 Illustrations. Large crown 8vo, 7&. 6d. cloth

; or, on
thin paper, leather, gilt edges, rounded corners, for pocket use, I2S. 6d.
ORDINARY SURVEYING SURVEYING INSTRUMENTS TRIGONOMETRY REQUIRED IN SURVEYING

CHAIN-SURVEYING THEODOLITE SURVEYING TRAVERSING TOWN-SURVEYING LEVELLING
CONTOURING SETTING OUT CURVES OFFICE WORK LAND QUANTITIES COLONIAL LICENSING
REGULATIONS HYPSOMETER TABLES INTRODUCTION TO TABLES OF NATURAL SINES, ETC.
NATURAL SINES AND Co-SiNEs NATURAL TANGENTS AND CO-TANGENTS NATURAL SECANTS
AND CO-SECANTS.

SURVEYING, TRIGONOMETRICAL. An Outline of the
Method of Conducting a Trigonometrical Survey. For the Formation of

Geographical and Topographical Maps and Plans, Military Recon-

naissance, Levelling, etc., with Useful Problems, Formulas and Tables.

By Lieut.-General FROME, R.E. Fourth Edition, Revised and partly
Re-written by Major-General Sir CHARLES WARREN, G.C.M.G., R.E.
With 19 Plates and 115 Woodcuts. Royal 8vo, cloth i6s.

SURVEYING WITH THE TACHEOMETER. A Practical

Manual for the Use of Civil and Military Engineers and Surveyors,
including two series of Tables specially computed for the Reduction of

Readings in Sexagesimal and in Centesimal Degrees. By NEIL
KENNEDY, M.Inst.C.E. With Diagrams and Plates. Second Edition.

Demy 8vo, cloth Net ios. 6d.

SURVEY PRACTICE. For Reference in Surveying, Levelling,
and Setting-out ;

and in Route Surveys of Travellers by Land and Sea.
With Tables, Illustrations, and Records. By L. D :A. JACKSON,
A.M.InstC.E. Third Edition. 8vo, cloth 12s. 6d.
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SURVEYOR'S FIELD BOOK FOR ENGINEERS AND
MINING SURVEYORS. Consisting of a Series of Tables, with Rules,

Explanations of Systems, and Use of Theodolite for Traverse Surveying
and Plotting the work with minute accuracy by means of Straight Edge
and Set Square only ; Levelling with the Theodolite, Setting-out Curves
with and without the Theodolite, Earthwork Tables, etc. By W. DAVIS
HASKOLL, C.E. With numerous Woodcuts. Fifth Edition, Enlarged.
Crown 8vo, cloth 125.

TECHNICAL TERMS, ENGLISH-FRENCH, FRENCH^
ENGLISH': A Pocket Glossary ;

with Tables suitable for the Archi-

tectural, Engineering, Manufacturing, and Nautical Professions. By
JOHN JAMES FLETCHER. Fourth Edition, 200 pp. Waistcoat- pocket
size, limp leather is. 6d.

TECHNICAL TERMS, ENGLISttGERMAN, GERMAN-
ENGLISH: A Pocket Glossary suitable for the Engineering, Manu-
facturing, arid Mining Industries. Compiled by J. G. HORNER,
A.M.I.Mech.E., in collaboration with ALFRED SCHLOMANN, Editor of

"Illustrated Technical Dictionaries in Six Languages." Waistcoat-

pocket size ... [In preparation. Price about Net 2s. 6d.

TECHNICAL TERMS, ENGLISH-SPANISH, SPANISH-
ENGLISH: A Pocket Glossary suitable for the Engineering, Manufactur-

ing, and Mining Industries. By R. D. MONTEVERDE, B.A. (Madrid).
316 pp. Waistcoat-pocket size, limp leather Net. 2S. 6d.

TELEPHONES: THEIR CONSTRUCTION, INSTAL-
LATION, WIRING, OPERATION AND MAINTENANCE. A
Practical Reference Book and Guide for Electricians, \Viremen, Engi-
neers, Contractors, Architects, and others interested in Standard Tele-

phone Practice. By W. H. RADCLIFFE and H. C. GUSHING, JR.
180 pages. With 125 Illustrations. Fcap. 8vo, cloth. Net 4S. 6d.

TELEPHONES: FIELD TELEPHONES FOR ARMY
USE: INCLUDING AN ELEMENTARY COURSE IN ELECTRI-
CITY AND MAGNETISM. By Lieut. E. J. STEVENS, D.O., R.A.,
A.M.I.E.E., Instructor in Electricity, Ordnance College, Woolwich.
Crown 8vo, cloth. With Illustrations ... ... ... ... Net 2s.
BATTERIES ELECTRICAL CIRCUITS MAGNETISM INDUCTION MICROPHONES AND RE-

CEIVERS PORTABLE AND FIELD TELEPHONE SETS SELF-INDUCTION, INDUCTIVE CAPACITY, ETC.

TELEPHONY. See WIRELESS TELEPHONY and WIRELESS
TELEGRAPHY.

THREE PHASE TRANSMISSION. See ELECTRICAL TRANS-
MISSION OF ENERGY.

TOOLS FOR ENGINEERS AND WOODWORKERS.
Including Modern Instruments of Measurement. By JOSEPH HORNER,
A.M.Inst.M.E., Author of "Pattern Making," etc. Demy 8vo, with

456 Illustrations J\et 95.
GENERAL SURVEY OF TOOLS TOOL ANGLES CHISEL GROUP CHISELS AND APPLIED FORMS

FOR WOODWORKERS PLANES HAND CHISELS AND APPLIED FORMS FOR METAL WORKING
CHISEL-LIKE TOOLS FOR METAL TURNING, PLANING, ETC. SHEARING ACTION AND SHEARING
TOOLS EXAMPLES OF SCRAPING TOOLS TOOLS RELATING TO CHISELS AND SCRAPES SAWS-
FILES MILLING CUTTERS BORING TOOLS FOR WOOD AND METAL TAPS AND DIES PERCUSSIVE
AND MOULDING TOOLS PUNCHES, HAMMERS AND CAULKING TOOLS MOULDING AND MODELLING
TOOLS MISCELLANEOUS TOOLS HARDENING, TEMPERING, GRINDING AND SHARPENING, ETC., ETC.
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TOOTHED GEARING* A Practical Handbook for Offices and

Workshops. By J. HORNER, A.M.I.M.E. Second Edition, with a New
Chapter on Recent Practice. With 184 Illustrations. Crown 8vo, cloth

6s.

TRAMWAYS: THEIR CONSTRUCTION AND WORK-
ING. Embracing a Comprehensive History of the System ;

with an
exhaustive Analysis of the Various Modes of Traction, including Horse

Power, Steam, Cable Traction, Electric Traction, &c. ; a Description of
the Varieties of Rolling Stock

;
and ample Details of Cost and Working

Expenses, New Edition, thoroughly revised, and Including the Progress
recently made in Tramway Construction, etc. By D. KINNEAR CLARK,
M.Inst.C.E. With 400 Illustrations. 8vo, 780 pp. buckram ... 285.

TRUSSES OF WOOD AND IRON. Practical Applications
of Science in Determining the Stresses, Breaking Weights, Safe Loads,
Scantlings, and Details of Construction. With Complete Working
Drawings. By W. GRIFFITHS, Surveyor. Oblong 8vo, cloth 45. 6d.

TUNNELLING* A Practical Treatise. By CHARLES PRELINI, C.E.
With additions by CHARLES S. HILL, C.E. With 150 Diagrams and
Illustrations. Royal 8vo, cloth Net i6s.

TUNNELLING, PRACTICAL, Explaining in detail Setting-out
the Works, Shaft- sinking, and Heading-driving, Ranging the Lines and
Levelling underground, Sub-Excavating, Timbering and the Construction
of the Brickwork of Tunnels. By F. W. SIMMS, M.Inst.C.E. Fourth
Edition, Revised and Further Extended, including the most recent (1895)
Examples of Sub-aqueous and other Tunnels, by D. KINNEAR CLARK,
M.Inst.C.E. With 34 Folding Plates. Imperial 8vo, cloth ... 2 2s.

TUNNEL SHAFTS. A Practical and Theoretical Essay on the
Construction of large Tunnel Shafts. By J. H. WATSON BUCK,
M.Inst.C.E., Resident Engineer, L. and N. W. R. With Folding Plates,

8vo, cloth I2s.

WAGES TABLES. At 54, 52, 50 and 48 Hours per Week. Show-
ing the Amounts of Wages from One quarter of an hour to Sixty-four
hours, in each case at Rates of Wages advancing by One Shilling from
4-y. to 55-y. per week. By THOS. GARBUTT, Accountant. Square Crown
8vo, half-bound , 6s.

WATER ENGINEERING. A Practical Treatise on the Measure-
ment, Storage, Conveyance, and Utilisation of Water for the Supply of

Towns, for Mill Power, and for other Purposes. By CHARLES SLAGG,
A. M.Inst.C.E. Second Edition. Crown 8vo, cloth 75. 6d.

WATER, FLOW OF. A New Theory of the Motion of Water
under Pressure and in Open Conduits and its practical Application. By
Louis SCHMEER, Civil and Irrigation Engineer. 234 pages, with Illus-

trations. Medium 8vo, cloth [Justpublished. Net us. 6d.

WATER, POWER OF. As Applied to Drive Flour Mills and to

give Motion to Turbines and other Hydrostatic Engines. By JOSEPH
GLYNN, F.R.S., etc. New Edition. Illustrated. Crown 8vo, cloth 2s.
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WATER SUPPLY OF CITIES AND TOWNS, By
WILLIAM HUMBER, A.M.Inst.CE. and M. InstM.E., Author of "Cast
and Wrought Iron Bridge Construction," etc., etc. Illustrated with 50
Double Plates, i Single Plate, Coloured Frontispiece, and upwards of

250 Woodcuts, and containing 400 pp. of Text. Imperial 4to, elegantly
and substantially half-bound in morocco Net 6 6s.

LIST OF CONTENTS: I. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE
BEEN ADOPTED FOR THE SUPPLY OF WATER TO ClTIES AND TOWNS II. WATER AND THE
FOREIGN MATTER USUALLY ASSOCIATED WITH IT. III. RAINFALL AND EVAPORATION. IV.
SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS. V. MEASUREMENT
AND ESTIMATION OF THE FLOW OF WATER. VI. ON THE SELECTION OF THE SOURCE OF
SUPPLY. VII. WELLS. VIII. RESERVOIRS. IX. THE PURIFICATION OF WATER. X. PUMPS.
XI. PUMPING MACHINERY. XII. CONDUITS. XIII. DISTRIBUTION OF WATER. XIV. METERS,
SERVICE PIPES, AND HOUSE FITTINGS. XV. THE LAW AND ECONOMY OF WATER WORKS.
XVI. CONSTANT AND INTERMITTENT SUPPLY. XVII. DESCRIPTION OF PLATES APPENDICES,
GIVING TABLES OF RATES OF SUPPLY, VELOCITIES, ETC., ETC., TOGETHER WITH SPECIFICATIONS
OF SEVERAL WORKS ILLUSTRATED, AMONG WHICH WILL BE FOUND : ABERDEEN, BIDEFORD,
CANTERBURY, DUNDEE, HALIFAX, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS.

" The most systematic and valuable work upon water supply hitherto produced in English, or in

any other language. Mr. Humber's work is characterised almost throughout by an exhaustiveness
much more distinctive of French and German than of English technical treatises." Engineer.

WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATERWORKS, A Practical Treatise for the
Use of Engineers and Students of Engineering. By W. K. BURTON,
A.M.Inst.C.E., Consulting Engineer to the Tokyo Waterworks. Third
Edition, Revised. Edited by ALLAN GREENWELL, F.G.S., A.M.Inst.C.E.,
with numerous Plates and Illustrations. Super-royal 8vo, buckram. 255.
I. INTRODUCTORY. II. DIFFERENT QUALITIES OF WATER. III, QUANTITY OF WATER TO BE

PROVIDED. IV. ON ASCERTAINING WHETHER A PROPOSED SOURCE OF SUPPLY is SUFFICIENT. V.
ON ESTIMATING THE STORAGE CAPACITY REQUIRED TO BE PROVIDED. VI. CLASSIFICATION OF
WATERWORKS. VII. IMPOUNDING RESERVOIRS. VIII. EARTHWORK DAMS. IX. MASONRY
DAMS. X. THE PURIFICATION OF WATER. XI. SETTLING RESERVOIRS. XII. SAND FILTRA-
TION. XIII. PURIFICATION OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF
LIME, NATURAL FILTRATION. XIV. SERVICE OR CLEAN WATER RESERVOIRS WATER TOWERS
STAND PIPES. XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS. XVI. PUMPING MACHINERY. XVII. FLOW OF WATER IN CONDUITS PIPES AND
OPEN CHANNELS. XVIII. DISTRIBUTION SYSTEMS. XIX. SPECIAL PROVISIONS FOR THE EXTINC-
TION OF FIRES. XX. PIPES FOR WATERWORKS. XXI. PREVENTION OF WASTE OF WATER.
XXII. VARIOUS APPLIANCES USED IN CONNECTION WITH WATERWORKS.

APPENDIX I. BY PROF. JOHN MILNE, F.R.S. CONSIDERATIONS CONCERNING THE PROBABLE
EFFECTS OF EARTHQUAKES ON WATERWORKS AND THE SPECIAL PRECAUTIONS TO BE TAKEN IN

EARTHQUAKE COUNTRIES.

APPENDIX II. BY JOHN DE RIJKE, C.E. ON SAND DUNES AND DUNE SANDS AS A SOURCE OF
WATER SUPPLY.

"We congratulate the author upon the practical commonsense shown in the preparation of this

work. . . . The plates and diagrams have evidently been prepared with great care, and cannot
fail to be of great assistance to the student." Builder.

WATER SUPPLY, RURAL. A Practical Handbook on the

Supply of Water and Construction of Water Works for small Country
Districts. By ALLAN GREENWELL, A.M.Inst.C.E., and W. T. CURRY,
A.M.lnst.C.E., F.G.S. With Illustrations. Second Edition, Revised.
Crown 8vo, cloth ... ... ... ... ... ... ... 55.
" The volume contains valuable information upon all matters connected with water supply. . .

It is full of details on points which are continually before water-works engineers." Nature.

WELLS AND WELL-SINKING* By J. G. SWINDELL, A.R.I.B. A.,
and G. R. BURNELL, C.E. Revised Edition. Crown 8vo, cloth as.
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WIRELESS TELEGRAPHY: ITS THEORY AND
PRACTICE. A Handbook for the use of Electrical Engineers, Students,
and Operators. By JAMES ERSKINE-MURRAY, D.Sc., Fellow of the

Royal Society of Edinburgh, Member of the Institution of Electrical

Engineers. Second Edition, Revised and Enlarged. 370 pages, with
ver 150 Diagrams and Illustrations. Demy 8vo, cloth. Net IDS. 6d.

ADAPTATIONS OF THE ELECTRIC CURRENT TO TELEGRAPHY EARLIER ATTEMPTS AT WIRE-
LESS TELEGRAPHY APPARATUS USED IN THE PRODUCTION OF HIGH FREQUENCY CURRENTS
DETECTION OF SHORT-LIVED CURRENTS OF HIGH FREQUENCY BY MEANS OF IMPERFECT
ELECTRICAL CONTACTS -DETECTION OF OSCILLATORY CURRENTS OF HIGH FREQUENCY BY
THEIR EFFECTS ON MAGNETISED IRON THERMOMETRIC DETECTORS OF OSCILLATORY CURRENTS
OF HIGH FREQUENCY ELECTROLYTIC DETECTORS THE MARCONI SYSTEM THE LODGE-
MUIRHEAD SYSTEM THE FESSENDEN SYSTEM THE HOZIER-BROWN SYSTEM WIRELESS
TELEGRAPHY IN ALASKA THE DE FOREST SYSTEM THE POULSEN SYSTEM THE TELEFUNKEN
SYSTEM DIRECTED SYSTEMS SOME POINTS IN THE THEORY OF JIGS AND JIGGERS ON
THEORIES OF TRANSMISSION WORLD-WAVE TELEGRAPHY ADJUSTMENTS, ELECTRICAL
MEASUREMENTS AND FAULT TESTING ON THE CALCULATION OF A SYNTONIC WIRELESS
TELEGRAPH STATION TABLES AND NOTES.

". . . . A serious and meritorious contribution to the literature on this subject. The Author

brings to bear not only great practical knowledge, gained by experience in the operation of wireless

telegraph stations, but also a very sound knowledge of the principles and phenomena of physical
science. His work is thoroughly scientific in its treatment, shows much originality throughout, and
merits the close attention of all students of the subject." Engineering.

WIRELESS TELEPHONES AND HOW THEY WORK.
By JAMES ERSKINE MURRAY, D.Sc., F.R.S.E., M.I.E.E., Lecturer on
Wireless Telegraphy and Telephony at the Northampton Institute,
London

;
Fellow of the Physical Society of London

;
Author of" Wire-

less Telegraphy," and Translator of Herr Ruhmer's "Wireless Tele-

phony." 76 pages. With Illustrations and Two Plates. Crown 8vo,
cloth \_Jitst published. Net is. 6d.
How WE HEAR HISTORICAL THE CONVERSION OF SOUND INTO ELECTRIC WAVES WIRELESS

TRANSMISSION THE PRODUCTION OF ALTERNATING CURRENTS OF HIGH FREQUENCY How THE
ELECTRIC WAVES ARE RADIATED AND RECEIVED THE RECEIVING INSTRUMENTS DETECTORS
ACHIEVEMENTS AND EXPECTATIONS GLOSSARY OF TECHNICAL WORDS INDEX.

WIRELESS TELEPHONY IN THEORY AND PRAC
TICE. By ERNST RUHMER. Translated from the German by
J. ERSKINE-MURRAY, D.Sc., M.I.E.E., etc. Author of "A Handbook
of Wireless Telegraphy." With numerous Illustrations. Demy 8vo,
cloth Net IGS. 6d.
" A very full descriptive account of the experimental work which has been carried out on Wireless

Telephony is to be tound in Professor Ruhmer's book. . , . The volume is profusely illustrated

by both photographs and drawings, and should prove a useful reference Work for those directly or

indirectly interested in the subject." Nature.
"The explanations and discussions are all clear and simple, and the whole volume is a very

readable record of important and interesting work." Engineering.

WORKSHOP PRACTICE* As applied to Marine, Land, and
Locomotive Engines, Floating Docks, Dredging Machines, Bridges,

Shipbuilding, etc. By J. G. WINTON. Fourth Edition, Illustrated.

Crown 8vo, cloth ... 35. 6d.

WORKS' MANAGER'S HANDBOOK, Comprising Modem
Rules, Tables, and Data. For Engineers, Millwrights, and Boiler
Makers

; Toolmakers, Machinists, and Metal Workers
;
Iron and Brass

Founders, etc. By W. S. HUTTON, Civil and Mechanical Engineer,
Author of " The Practical Engineer's Handbook," Seventh Edition,
carefully Revised and Enlarged. Medium 8vo, strongly bound 155.
STATIONARY AND LOCOMOTIVE STEAM-ENGINES, GAS PRODUCERS, GAS-ENGINES, OIL-ENGINES,

ETC. HYDRAULIC MEMORANDA: PIPES, PUMPS, WATER-POWER, ETC. MILLWORK : SHAFTING,
GEARING, PULLEYS, ETC. STEAM BOILERS, SAFETY VALVES, FACTORY CHIMNEYS, ETC.

HEAT, WARMING, AND VENTILATION MELTING, CUTTING, AND FINISHING METALS
ALLOYS AND CASTING WHEEL-CUTTING. SCREW-CUTTING, ETC. STRENGTH AND WEIGHT OP-

MATERIALSWORKSHOP DATA, ETC.



CIVIL, MECHANICAL, ELECTRICAL & MARINE ENGINEERING. 31

PUBLICATIONS OF THE
ENGINEERING STANDARDS COMMITTEE.

MESSRS.
CROSBY LOCKWOOD and SON, having been appointed

OFFICIAL PUBLISHERS to the ENGINEERING STANDARDS
COMMITTEE, beg to invite attention to the List given below

of the Publications already issued by the Committee, and will be prepared
to supply copies thereof and of all subsequent Publications as issued.

The ENGINEERING STANDARDS COMMITTEE is the outcome of a

Committee appointed by the Institution of Civil Engineers at the instance

of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of

Standardising Rolled Iron and Steel Sections.

The Committee as now constituted is supported by the Institution of Civil

Engineers, the Institution of Mechanical Engineers, the Institution of Naval

Architects, the Iron and Steel Institute, and the Institution of Electrical

Engineers ;
and the value and importance of its labours not only to the

Engineering profession, but to the country at large has been emphatically

recognised by His Majesty's Government, who have made a liberal grant
from the Public Funds by way of contribution to the financial resources of

the Committee.

The Reports are Foolscap Folio, Sewed, except where otherwise stated.

Reports already published :

1. BRITISH STANDARD SECTIONS (9 lists). (Included in No. 6).

ANGLES, EQUAL AND UNEQUAL BULB ANGLES, TEES AND PLATES Z
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