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INTRODUCTORY.

Ihe modern locomotive, as we see it to-day, incorporates 

the combined efforts of many master minds, and although 

the general character of the earlier engines has not been 

radically departed from, the details have been greatly improved 

and the dimensions considerably increased. This addition in 

size is not so apparent when comparing" Engiish engines as 

foreign ones, for the reason that the loading- gauge adopted 

for the Engiish railways is more limited than that chosen by 

our friends over the seas; conséquently our locomotives not 

only have, but probably always will have, to be more closely 

built.

A comparison of weights will give a more graphic 

impression : where the engine of 1830 only weighed from 8 to 

10 tons, that of to-day often turns the scale at between 45 and 

50 tons, yet the height from rail to chimney is approximately 

the same, and the extreme width will only vary a few inches. 

The locomotive of 1900 is more solid and compact than its 

predecessor of 70 years ago.

Our remarks are confined chiefly to the details of British 

locomotives, but at times reference is made to Continental 

and American practice, as comparison often adds interest. 

Each section is devoted to some member of the locomotive 

organism, and as the engine must primarily be dependent 

for power on its steam generator, we take first the boiler, 

following with the engine, cylinders, motion, etc., and finally 

deal with the carriage, running gear and tender.

The contents of this book have been carefully revised 

since their original appearance in The Locomotive Magazine, 

and illustrations of some typical examples of modern practice 

added, together with their chief dimensions.



PREFACE TO THE THIRD EDITION.

The success of the previous editions of this book 

has prompted us to go to press with. a third and revised 

edition. Whilst the contents include nearly the whole of 

the matter of the previous issues, they have been enhanced 

by the addition of further illustrations and descriptive notes. 

For the facilities for reproducing the working drawings of 

the four wheels coupled express engine of the Great Northern 

Railway we are indebted to the kindness of Mr. H. A. I\a t t , 

the locomotive engineer of that system.

That our efforts in compiling this work may prove of 

assistance to those whose daily calling brings them in 

close contact with the “ Locomotive of To-day,” is our sin- 

cerest wish.
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Th e Lo c o mo t iv e o f To -d a y .

Se c t io n  I.—THE BOILER.

Ä
LLHOUGH not the most economical steam generator, 

the modern locomotive boiler possesses numerous 
advantages. It is a quick steam producer for its 

size and weight, can be readily forced when occasion 
demands, and in shape is admirably adapted for its particular 
purpose. It is, however, expensive, and many attempts have 
been made to substitute a less c.ostly construction, but although 
some of these have been partially successful, the faet remains 
that the improved boiler of the “Rocket,” of Rainhill farne, is 
the acceptecl model for the locomotive boiler of to-day.

It may be described as an internally fired horizontal 
multitubular boiler, consisting essentially of four main 
portions:—Ihe inner firebox, the outer firebox or shell, the 
barrel containing the tubes, and the smokebox. Referring 
now to our illustration, Fig. i, at one end of the boiler, in the 
inner firebox the fire is placed and the heated gases from it 
are conducted through a number of tubes or flues arranged in 
the barrel, and around which the water to be raised into steam 
circulates, to the smokebox at the other end, and thence to the 
chimney. With the number of tubes employed, usually from 
200 to 250, it will be seen that the heating surface in contact 
with the water is very large, but even then to make sufficient 
steam to keep the engine supplied it is necessary to urge the 
fire artificially to inerease the rate of combustion. To do this 
the exhaust steam escaping from the engine cylinders is 
utilised. It is emitted from a so-called “ biast pipe ” below 
the base of the chimney, and almost any desireel intensity of 
draught can be obtained by contracting this outlet for the 
exhaust steam. Every stroke of the piston sends a discharge 
of steam through this “ biast pipe ” up the chimney, with- 
drawing a percentage of the contents of the smokebox with it, 
and leaving a partial'vaeuum in that chamber, and it is to 
destroy this that atmospheric air rushes through the fire from 
beneath producing the rapid combustion desired. Passing 
now to the construction of the boiler, the inner firebox first 
demands attention. In the early Bury locomotives this was
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cylindrical in form, but in all recent engines it has been made 
rectangular, roughly a box, with the sides and top or crown 
ni one sheet rolied to the requisite shape, the front or tube 
plate and back plate are flanged over on three edges to fit in­
side this sheet and are rivetted to it. This internal firebox. is 
usually entirely surrounded with water, except at the bottom 
where the firegrate is placed. The majority of inner fireboxes 
are of copper, but a great number of Steel ones are now in use. 
When of copper the metal may be |-in. to thick through- 
out, except that portion of the tube plate which is drilled to 
receive the tubes, where, to secure a good joint, the plate is 
thickened up to about i-in. When Steel is used, the plate 
would probably be J-in. thick with |-in. at the tube plate.

The outer firebox or shell is commonly built up of three 
plates—the wrapper which is rolied to form the sides and top, 
the throat or saddle plate which forms the front, and the back 
plate which has the firehole through it and acts as an end to 
the boiler. These latter are flanged to form the corners, either 
by hand on suitable blocks, or, as is now more customary, 
pressed to shape in a hydraulic press. The outer shell is 
rivetted to the inner firebox through the founclation ring, 
forming the bottom of the water space, and also round the 
firehole. The wrapper plate has a manhole on the top, which 
may be used as a seating for the safety valves; it is ot Steel, 
or best Yorkshire iron from ^-in. to j%-in. thick. The rivets 
are of best iron or mild steel.

The barrel is the portion which contains the tubes, and is 
usually made up of two or three plates which are rivetted to- 
gether with either “butt” or “lap” joints; when “butt” 
jointed, the barrel is parallel throughout, but if “ lap” jointed, 
it is often telescopic with the smallest ring at the front end. 
Longitudinal joints are usually double plated “butt” joints. 
The front tube plate forms the end of the boiler, and in the 
majority of cases is attached to the barrel by an angle ring. It is 
frequently customary to rivet the smokebox to the tube plate.

When a steam dorne is used it is placed on one of the 
barrel rings. It is the dry steam collector, and within it the 
regulator is usually placed; pipes also lead steam from it to 
several of the valves on the boiler front.

The barrel plates are about T%-in. thick, the front tube 
plate f-in. or f-in. thick. The dorne is either built up of the 
same material as the barrel, or is cast in brass, iron, or steel, 
certain designers placing the safety valves upon it.

All flat surfaces in the boilers are strengthened by means 
of stays to resist the pressures commonly employed, which 
vary from 120 to 200 pounds per sq. in., and all rivetting now,
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is as far as possible done by hydraulic power. Seams and 
joints are caulked by having a blunt tool smartly hammered 
along the edges of the plates ; mechanical caulking tools are 
largely employed for this operation.

1 he exposed portions of the boiler are lagged or covered 
with a non-conducting material to prevent, as far as possible, 
loss of heat by radiation. Felt, preparations of asbestos, 
silicate cotton, but more often wood, sometimes covered with 
a tire-resisting compound, are used for this purpose; the whole 
is then covered with cleading plates of Steel, held in position 
by means of bands. It is also a practice on some railways for 
these cleading plates to be made a good fit to enclose a layer 
of air, which is alone relied on for non-conduction.

In Fig. i sectional drawings are given of three forms 
of joint usually employed in connecting the various parts of 
locomotive boilers together. A shows the angle iron joint 
between the barrel, front tube plate, and smokebox. B a 
specimen of single plate butt jointing where the plates to be 
connected have their ends brought together in the same plane 
and a cover strip rivetted on one side only. This joint is the 
one often employed for securing the rings of the barrel to­
gether. Longitudinal joints are also made in this manner, 
but with a cover plate on each side and double rivetting. C 
shows a lap joint where one plate overlaps the other; the 
outer firebox shell is usually fixed to the barrel by means of a 
lap joint.

Best iron or mild Steel rivets are used with both Steel and 
iron boilers for the seams round the inner copper firebox, and 
the joints round the foundation ring and tirehole. Snap heads 
or their equivalents are employed where possible, but a close 
fit at places may necessitate a few “ countersinks.”

As already mentioned it is necessary that all the flat 
surfaces in a locomotive boiler should be well stayed or 
supported to resist the high pressure generated within. The 
inner and outer fireboxes having flat sides, back and front, 
more or less parallel to each other, with pressure between 
which tends to force them apart, are tied together, as it were, 
by means of screwed stays or stay bolts. The holes to receive 
these are either punched or drilled through the wrapper plate 
before it is bent to shape, and are drilled through the inner 
box after it is built up and rivetted together, this latter being 
then secured in its appointed place by rivetting round the 
foundation ring and firehole. With the fireboxes in position 
the stay holes are tapped by means of a long tap having' fine 
threads of 11 or 12 to the inch, and the screwed stays are tlien 
driven in, either by means of a “stud wrench,” holding the
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extreme end of the round stay, or with an ordin ary tap wrench 
taking a square head, made on the stay for this operation and 
afterwards cut off. When screwed in the stay should stand 
with about of an inch projecting through both plates, inner 
and outer ; this projection is hammered down to form a head 
and to ensure a good steam tight joint. The above methods 
refer chiefly to copper stays, as shown at A, Fig. 2, or to 
wrought iron when used; with the Steel ones, now adopted on 
several English railways, it is customary to drill a hole of 
say f-in. diameter into both ends of the stay about i-in. or 
1 j-in. deep, as shown at B, so that the ends can be expanded 
in the plates by hammering a hard Steel drift into these holes. 
With Steel stays the screwed threads are turned off the middle 
portion and the diameter reduced to secure greater flexibility; 
copper stays are usually screwed their entire length, but under­
cut along the middle portion to ease the threacl. Recently stay 
bolts of phosphor bronze, with longitudinal saw cuts at right 
angles down the central part to secure flexibility, have been 
introduced with success.

The stays may be -J-in. or i-in. diameter, and if pitched 
4-in. apart, each will support 16 sq. in. of plate at each end. 
Some makers drill a small hole through the longitudinal 
centre of the stay, so that should one break the steam and 
water will escape through it and give warning; without this 
hole the stay breakages can only be detected by tapping with 
a hånd hammer on the ends and carefully noting the sound. 
Examiners accustomed to this work get so skilful that they 
rarely pass a defective stay. When it becomes n^cessary to 
take out the inner firebox all the stays must be removed, 
either by drilling, punching, or tearing out with pneumatic or 
hydraulic tools ; in any case the screwed holes, especially in 
the copper plates, are liable to damage and require re-tapping, 
it is thus seldom possible to use stays again of the original 
diameter, and they are usually replaced by new ones of larger 
size. In renewing broken stays with the boiler in position, it 
is not possible to get at the outside ends of those immediately 
behind the frames or tanks to rivet them over, and the stays 
must therefore be screwed in a very good fit to get a steam 
right joint. In screwing in, this tightness imparts an initial 
torsional strain to the stay, which may prove detrimental to 
its life. Copper stays possess many advantages over their 
wrought iron and Steel rivals, as not only are they admirably 
suited to the various twisting strains that the expansion and 
contraction of the two fireboxes subject them to, but the 
superior heat-conducting properties of copper are greatly in 
its favour when used for this purpose.
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The crown of the firebox is supported either with direct 
stays to the outer shell or with girder stays. When direct 
stays are employed they are passed through the crown to the 
outer plate, the end inside the firebox having a square to fit a 
spanner, whilst the other is hammerecl over to form a head 
after the stay is screwed home, the holes, of course, being 
previously tapped to receive them. When the fire is first 
lighted, the gases passing through the tubes heat the tube 
plate more than any other part of the box, and it naturally 
follows that this expands more than any other portion ; to 
allow for this expansion the first two rows of stays are made 
of special form, which will permit of an upward movement of 
the box, but will resist collapsing when subjected to pressure; 
this construction is shown in sectional views at C in the plate. 
When girder stays or roof bars are used, the crown plate is 
fixed to them by means of bolts, so that it is independent of 
the outer box, though some of the roof bars are usually 
connected to the outer shell by sling stays as a precaution. 
These girders may be built up of stout plates, fixed together 
at the ends.and about i|-in. apart, having stay bolts passing 
up through the crown plate and between them, the heads being 
inside the box, and the nuts on the top of the girder ; but more 
generally now, they are cast in Steel with lugs provided along 
their length for the reception of short set bolts, which are 
screwed into them up through the crown plate. D shows in 
part elevation and in section, one of these girders the ends of 
which are made to fit and take a bearing on the top corners 
of the box sides or ends, according to whether they are 
arranged transversely or longitudinally. Another form of 
crown staying has been introduced with half girders, the rear 
half of the crown plate being fitted with transverse stays, each 
of which extends to about the centre of the box where it is 
supported by a sling stay ; the front half of the crown is also 
supported in a similar manner by longitudinal girders, with 
their front ends testing on the tube plate and the back ends 
hung from the firebox wrapper plate by a sling stay. This 
method has been adopted to avoid too great rigidity and allow 
for the expansion of the plates.

Direct crown stays are to be preferred when the water 
used is very dirty, as they permit greater freedom for it to 
circulate and for steam bubbles to rise, and thus to an 
extent, minimise the formation of scale; they also allow the 
scale and dirt that does accumulate on top of the box to be 
more easily removed. They do not, however, let the firebox 
have the same amount of freedom for expansion as the 
girder stays.
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The corners of the internal firebox should be made of 
large radius, so as to dispense with the necessity for a too 
close staying there, thus permitting more flexibility than could 
otherwise be obtained.

1 he portion of the firebox tube plate, immediately below 
the tubes, is connected to the barrel by palm stays, E., which 
are flattened at one end to take rivets for attachment to the 
barrel, and are provided with a boss at the other, drilled and 
tapped to receive set bolts. These latter may be of copper, 
screwed in and hammered over, the same as the other stays; 
or they may be of iron, and have cupheads and squares, the 
latter being used to screw the stays home, and afterwards 
cut off with a hånd chisel. In some recent boilers these palm 
stays have been dispensed with by flanging the throat plate of 
the firebox to a small radius and having- a row of stav bolts 
close up to it.

As to the ends of the boiler the upper parts of the front 
tube plate and back plate are the only portions usually stayed. 
These may be connected together 'by longitudinal stays of 
round bar iron or steel of about i^-in. diameter passiny 
through the full length of the boiler from back to front. They 
are screwed into holes in the back plate, tapped large enougii 
for the front screwed portion of the stay to clear, and this latter 
is secured to the front plate by nuts on each side of it. All the 
joints are made with washers of sheet copper. F shows this 
foi ni of longitudinal stay, which being- heavy, is supported at 
the centre to prevent sagging by bearers provided across the 
barrel for this purpose.

Another method of longitudinal staying is by stay bolts 
that do not run the entire length of the ’boiler, but have feet 
w hich are rivetted to the barrel plates, or forked ends connected 
to angle irons attached to the barrel at various points in its 
length, with either screwed ends for nuts, as clescribed for the 
long stays, or forked ends which embrace T irons rivetted on 

to the back and front plates respectively, as at G. A third 
method is to provide “gusset ’ or plate stays, which are formed 
of pieces of plate connected to pieces of angle iron rivetted to 
the barrel, and end plates similar to H in the Fig.

Ihe remaining flat surface of the boiler is that portion of 
the tube plate that receives the tubes below the above-described 
ongitudinal stays. Here in some examples a few of the tubes 

are made thicker, screwed in, and fitted with check nuts, whilst 
ln others longitudinal stays are clistributed among the tubes, 
t is not usually considered necessary to support these plates, 

nowevei, as the tubes themselves act as stays, and the area of 
plate exposed to pressure is inconsiderable.



16 Th e  Bo il e r : Belpaire Firebox, Stijfening Rings, &c.

As the bosses on girder stays hamper the rising of the 
steam bubbles, as well as take up a large portion of the heat- 
ing surface of the top of the box, and as direct stays, when 
connecting the flat top of the inner box to the semi-circular 
wrapper plate, are not always satisfactory, a form of box has 
been largely used in which these objections are removed. It 
is called the “ Belpaire ” from its originator, and is illustrated 
in Fig. 3; the outer wrapper plate is made flat on the top, and 
the inner one parallel to it, these are tied together by direct 
stays similar in character to those employed at the sides of 
the box, excepting that these top stays are usually of iron. 
The first two rows have means by which greater vertical 
flexibility is given to the front of the box, as before described 
for direct stays. Cross stays are also necessary for the flat 
sides of the outer wrapper above the inner box. Another 
advantage this box has is the greater facility afforded for 
cleansing the top of it, since side washing holes, as well as 
those at the back, can be put in if required.

In good practice, on the inside of the boiler, a stiffening- 
ring or plate is rivetted round the holes cut in the barrel for 
the reception of the dorne and safety valve seating, as the 
cutting of the plate interrupts the true circular form, and 
weakens the boiler at these places.

The chief features in the design of locomotive boilers are 
to make every part as easily accessible as possible, to facilitate 
the periodical cleansings such a boiler necessarily requires, 
and to provide for repairs being executed as cheaply and 
expeditiously as possible.

The mode of fixing the boiler in the frames of the loco­
motive next requires consideration. The front tube plate is 
continued down below the barrel, and rests on and is bolted 
to the back of the cylinder casting in inside cylinder engines, 
and to a distance casting and frame stay in outside cylinder 
engines, thus holding the boiler rigid at this end; but as the 
barrel necessarily expands when heated, the firebox end is 
carried by some arrangement of expansion links or brackets. 
The most common form of “expansion bracket” consists of an 
angle piece rivetted or bolted to the outer firebox shell about 
the level of the top of the frame. This angle rests and is 
permitted to slide on a level bed provided for it; it is kept in 
place and prevented from rising by a grooved block bearing 
lightly on its upper surface. The boiler is thus free to expand 
longitudinally; to steady it laterally, a plate may be secured 
to the back plate of the firebox with a stout pin projecting 
and engaging in a suitable socket prepared for it in the foot 
plate casting of the engine. Another method of securing- the
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boiler from lateral movement is by means of a cross plate 

bolted to the firebox, and fitting- between the frames of the 
engme, slotted holes allowing longitudinal movement for the 
ends on the retaining bolts.

Jn m1anI °f the.earlier engines a support was provided for 
tne barre! of the boiler about midway of its length, either by 
carrymg up the motion plate high enough to form a saddle or 
by making a plate connection to the frames, but in modern 
engines such supports for the barrel are now commonlv 
omitted. 7

The internal firebox is, as already stated, usually made of 
copper m this country, the advantages of this metal being its 
unitormity and homogeneity of texture, freedom from lamina­
tion and blister, and general trustworthiness when well 
selected, its great resistance to oxidisation and the corrosive 
action of various waters, the manner in which it resists 
tenacious adhesion of most kinds of scale, its great ductilitv 
and malleability which render it capable of being worked 
wit great ease, and its capability of bearing sudden and 
repeated racking strains. Further, it is an excellent conductor 
ot heat, and is well able to resist the wasting action of a 

erce, orced fire; the plates are about i-in. thick when 
new.

The joint round the bottom of the box is made by means ot 
a ioundation ring of a width equal to the thickness of the water 
space, or to the distance left when the inner firebox plates are 
set out towards the outer shell at the bottom ; in either case 
rivets are passeel through the two plates and ring to form the 
joint. Ihe setting- of the plates requires to be very exact to 

suæ a good job, and the radius of the corners of the box 
should not be too sharp, or the difficulty of making tight joints 
is greatly inereased. The plates are attached to the ring; 
at the corners by putting rivets through at various angles, 
°r F Set bolts for the outer Plates, either of these
methods being equally good if carefully executed. The ring- 
sh°u d not be cut out to take the lap of the plate, but the plate 
snould be drawn down at the bottom and the rinff tapered to. 
suit, as shown at A, Fig-. 4.

Firehole joints are made in a variety of ways. We show 

pnneipal. At B, the back plates of the firebox 
and shell have holes cut through them of the required shape 

nc size, tnen a ring of the same thickness as these plates ar& 
apart is mserted between them, and the whole rivetted 
together by long rivets passing through the plates and ring- 

shows a modification of this : here the firebox plate is dished 
ut towards the shell, and a mueh thinner ring is rivetted in ;

2
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Fig . 4.—Fir e  Do o r s , Tu b e s a n d  Fo u n d a t io n  Rin g  Jo in t s .
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this has been much adopted, as it is claimed to give greater 
flexibility to the firebox. D gives the third method we shall 
describe, in this both plates are flanged outwards and form a 
joint by being rivetted together. The great advantage in this 
is the removal of the rivets from the action of the fire, but it 
entails severe working of the plates in flanging.

The position of the firehole is necessarily the same in all 
ordinary locomotives, being placed so as to be easily accessible 
from the foot-plate, but the fire-doors vary considerably on 
different lines. One type largely used is made with two half- 
doors which slide in grooves, and are worked by a system of 
levers, so that both are moved to open or shut together.

The doors may be simply plain plates, which must be left 
partially open for the admittance of air to the fire, or they may 
be cast hollow, as at E, to allow air to pass up inside the shell 
then through suitable openings inclined downwards to direct 
the incoming current on to the fire. Other doors are hinged 
at the bottom and are opened by allowing them to fali back 
on to the foot plate, the latch. having a sector with notches, so 
that the fireman can regulate the quantity of air admitted 
above the fire by partially opening the door on the latch. 
This door—shown in elevation and section at F—necessitates 
the use of a flap plate to protect the men from the heat, as 
well as to keep the flame in the firebox from dazzling the eyes 
of the driver during darkness. Another popular pattern is 
made in halves, hinged top and bottom, the bottom portion 
opening downwards, and the top part upwards, sectors and 
catches being provided for the top door to admit a greater or 
less quantity of air as required. Others, again, hinge at the 
top and open inwards. These act as deflectors for the air 
admitted during firing, and the amount of opening is regulated 
as before by catches. In addition to the above methods some 
doors are made to hinge at the sides, and open similarly to 
those adopted on stationary boilers.

Air-deflecting plates are provided with those styles ot 
doors which do not form deflectors in themselves, to direct the 
incoming atmospheric air downwards on to the fire, and so 
tend toward the complete combustion of the firebox gases, 
and also to prevent the cold air from passing direct to the 
tubes, and causing them to leak by the contraction of their 
ends in the holes of the tube plate.

The diameter of the tubes or flues of the barrel in British 
practice is usually from if-in. to i-g-in. outside diameter. 
They are generally 13 S.W.G. thick throughout, but are 
sometimes made a little thicker for about 18-in. at the firebox 
end. The metals used are copper, brass, iron, or Steel. When
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of the latter, they frequently have a length of brass or 
copper, about 6-in. or g-in. long, brazed on to them at the 
firebox end in order to make a better joint in the copper 
tube plate.

With copper, brass, or compound tubes, the joint in the 
firebox tube plate is made by expanding the tube in the hole 
prepared for it, beading the end over and driving in a Steel or 
malleable cast iron ferrule to protect the end of the tube from the 
action of the fire (G). A-Vhen the tubes areof steel or iron through- 
out, it is usual to swage down the firebox end to a less diameter 
than that of the length of the tube, and expand them in the 
holes, which will, of course, be of smaller size than in the last 
case, and bead them over, the ferrule being dispensed with (H). 
The smokebox end of the tubes is belled out to about 1-in. 
larger than the tube for about 3-in. of its length; it is expanded 
in the tube plate, but is not ferruled or beaded over (I). The 
enlargement is made in orcler to get the tubes in easier, and 
to facilitate removal when coated with scale; it necessitates 
the tubes being spaced slightly different at this end than the 
other. The tubes generally project about T3^-in. through the 
tube plate at each end before beading clown.

Carefully conducted experiments and the results of actual 
practice show that after a few week’s work, with ordinary 
impure water, there is but little difference in the evaporative 
power of copper, brass, iron, or steel tubes, although their 
relative conducting powers are 74, 24, 12 and 13. Tubes of 
the more expensive metals keep cleaner on their external 
surfaces than iron or steel, due probably to their more rapid 
expansion and contraction throwing off the scale ; but when of 
copper, they are too soft to resist for long the abrading action 
of small cinders.

As the hot gases pass through the tubes it follows that 
the layers of them that are on the outside will give out most of 
their heat, but through the middle of the tubes a considerable 
portion of the heat will pass to the smokebox unused ; several 
means of utilising this heat have been devised, and most 
notable of these is the “ Serve ” tube, which having- longi­
tudinal internal ribs, increases the internal heated surface some 
90 per cent., slices up the gases, and abstracts the heat from the 
centre. K gives a section of this tube. Good results have 
been obtained with these, although the use of them means a 
reduction in the number of tubes, as they are made larger than 
ordinary plain tubes, being 2-in. and more in outside diameter; 
further, the spaces between the ribs afford a good lodgment 
for soot, and consequently there is difficulty in keeping them 
clean.
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The evaporative power of a boiler mainly depends upon 
the efficiency of its heating surface to transfer the heat from 
the products of combustion within to the water without. For 
this it relies on both radiation and contact, from two or three 
hot masses in the boiler, solid incandescent fuel in the firebox, 
and flame and hot gases in the tubes. The radiation of heat 
from the solid fuel is greater than that from the flame, while 
the hot transparent gases scarcely radiate any heat at all.

In estimating the heating surface it is customary to take 
the area of the firebox and tubes in contact with heat on one 
side and water on the other, and consider the evaporative 
power of the boiler as proportionale to the total number ol 
sq. ft. thus found. As all parts of the heating surface, how- 
ever, do not possess the same efficiency, the heating surface of 
the firebox being much more effective than that of the tubes, 
the result so obtained is misleading in practice ; adding length 
to the tubes cloes not increase the evaporative efficiency 
of the boiler nearly so much as increasing the size of the 
firebox.

A flat horizontal surface not too far above the fire, is con- 
sidered most favourable, and by being made concave to the 
fire it has the further advantage of being better able to receive 

and transmit the radiant heat, of boiling off the matters 
deposited from the water, and so to some extent preventing 
formation of scale, and of being stronger and more durable. 
Next in conductive power come the flat sides of the box which 

are made sloping as they then receive the rays of heat at a 
more favourable angle, and allow the steam bubbles to escape 
more freely ; they also increase the size of the water space 
and admit of the use of longer stays at the top of the box 
where most expansion takes place. The tube plate, although 
made vertical owing to the rapid impingment of the flame is 
as effective as the crown, which is too often hampered by the 
stays, etc.

The great superiority of firebox heating surface is owing 
to the radiant heat being principally given off there, also to 
the faet that the more violently the flame impinges on a sur­
face, the greater the ebullition and consequent formation of 

steam on the opposite side of that surface.

. The effective area of tubes internally heated is only half 
their total area, as heat is mostly given off at the upper surface 
of the tube, owing to the faet that hot gases being light rise, 
then on giving off their heat they fail and are replaced by 
hotter ones; also by the difficulty steam has in escaping from 
the under side of a tube, and the thickness of soot that too 
often collects inside the tube at the bottom.
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When the fire burns with a long flame the tubes should 
be larger; but in locomotive boilers by using the brick arch, 
which retards the passage of the gases to the tubes and so 
gives more time for the proper combustion of the more volatile 
parts of the fuel, it is possible to make use of much smaller 
tubes than would otherwise be the case, and of course get 
more of them in the barrel and so increase the heating surface. 
The reduction of the diameter of the tubes is restricted by the 
flue way it is found necessary to maintain, and which greatly 
depends upon the strength of the draft. The usual proportion 
of the collective sectional area of the tubes to grate area is 
about i to 4 or 5. The ratio of the length to the diameter of 
the tubes is sometimes as much as 120 to 1, and the heating 
surface is usually about 70 times the grate area.

The general direction of circulation in a locomotive boiler 
is upwards at the firebox end and forwards in the upper parts 
of the boiler, downwards at the front end, and backwards at 
the bottom, and it is obvious that the more freely this natural 
movement takes place the more rapidly steam will escape, this 
being also facilitated by the jar of the engine when running. 
The comparative amount of hard scale is generally a fairly 
sure index of the value of the heating surface and State of the 
circulation in the boiler. Where the ebullition is’ greatest the 
amount of hard and tenacious scale will be found to be least, 
though this cloes not altogether apply to the Crown plate of a 
locomotive boiler where the boiling off of the deposit is impeded 
by the stays, or to a nest of small tubes closely packed.

In locomotive boilers about 70 Ibs. of water can be 
evaporated from 4^ sq. ft. of grate area in one minute, or 
13*5 Ibs. of water from 1 sq. ft. of heating surface per hour, 
and an average of 3 sq. ft. of total heating surface per indi- 
cated horse-power may be taken as an approximation. These 
quantities, however, largely depend on quality of fuel, condition 
of boiler, rate of combustion, and skiil in stoking.

The fire-grate, which forms the bottom of the firebox, 
consists of a series of bars arranged longitudinally, and with 
spaces between them for the passage of the air necessary for 
the combustion of the fuel placed above. The grate may be 
either horizontal or inclined at the front or back, so that 
the fuel put on at the back shakes down to the front 
by the jar of the engine. When the firebox is placed 
between the frames, as is the general practice here, and 
the size of grate is restricted by the distance between the 
frames for width, and the distance between the driving and 
trailing axles for length, it is only by the help of the draught 
produced by the exhaust steam that it is possible to burn
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sufficient fuel on so small a grate in the limitecl time to 
produce steam in large enough quantities for the work that a 
locomotive has to do.

The fire-bars are about ^-in. thick on their upper edge, 
and taper off to f-in. at bottom, being 4 to 4^-in. deep, with 
thickkning pieces at the ends, and also in the centre in cases 

where the bars are long, for the purpose of keeping them the 
required distance apart. They are usually made of cast iron, 
though wrought iron when used appears to offer some advan- 
tages, its point of fusion is higher, and it will stand more 
rough usage, being less easily broken, but it bencis and twists 
with heat sooner than cast iron does. The bars are usually 
made about half the length of the grate, thoug'h sometimes 
they are made long enough to go the entire length of the box. 
They are carried on bearers of wrought iron, which extend 
across the bottom of the box, and rest upon brackets fixed 
either upon the foundation ring or upon the ash-pan, the latter 
being preferable, as they are more easily removecl. A, Fig. 5, 
shows such an arrangement of bars. The bearers may be 
made of cast iron, and provided with distance pieces on their 
upper side; the bars need not then be thickened at the ends, 
but placed between these projections, so keeping the necessary 
air spaces between. This arrangement of bearers and bars is 
shown at B. The rate of combustion of coal on each sq. ft. or 
grate ranges from 40 to 120-lbs. per hour.

Rocking or movable firebars, actuated by levers worked 
from the foot-plate are often employed in America on coal 
burning engines, but their use does not find favor hére, 
probably because the coal is better and does not clinker so 
much. Water grates are also used, and consist of tubes 
passing from front to back of the firebox and connecting the 
water spaces tog'ether, but not always arranged in one plane,, 
every fourth one being raised above the others; this arrange­
ment of fire-bars has been adopted for very long fireboxes 
using hard coal. We have only mentioned the commoner 
forms of fire-grate and bars used, but many moclifications can 
be met with, including double-bars, transverse, spaced, 
etc., etc.

In a few locomotives holes are provided through the 
water spaces just above the level of the fire, through which 
atmospheric air is induced to assist combustion; and in 
extension of this principle steam jets have also been 
employed.

The ash-pan is of box form about i-ft. deep, fitting under 
the firebox and made up of iron plates J to yg-in. thick ; it is 
provided with doors or dampers often at the front end only for
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Fig . 5.—Smo k e b o x , Ch imn e y s a n d  As h pa n s .
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engines that run mostly in one direction, as main line, express 
and goods engines (see B), but at both front and back ends for 
engines that are designed to run either way as tank engines 
(see A). The use of the ash-pan, as its name implies, is to 

catch the ashes that fali through the fire-bars, and also to pro­
vide a means of preventing entry of air through the bars when 
desired. 1 he dampers regulate the quantity of air admitted 
to the lire, and are under the Control of the enginemen ; they 
are opened and closed by means of suitable levers and catches 
on the foot plate, easily accessible, and through them the ashes 
can be removed at the completion of the day’s work. 3 he 
ash-pan is attached to the foundation ring by means of pins 
screwed into the under-side of the ring, projecting sufficiently 
far to pass through the angle-irons on the ash-pan, and having 

split cotters driven through the holes in them. It is advisable 
to make the bottom of the ash-pan with a slight inclination 
upwards at the ends, so as to prevent the small dirt accumu- 
lating there being blown out whilst running on to the motion 
and moving parts of the engine.

I he smokebox, at the front end of the boiler, is in inside 
cylinder engines built up directly from the upper face of the 
cylinder castings, but in outside cylinder engines is formed 
above a box-like stay placed between the frames at this point; 
the wrapper is made up of two pieces of plate J-in. thick, rolied 
to required shape, and jointed at the top. The front plate 
which has the door hole in it, is either flanged to shape by 
hydraulic pressure, or the joints between it and the wrapper 

are made with angle-irons, the flanged plate making the 
neater and cheaper job. The door is provided for getting at 
the tubes for cleaning or repairs, and also for washing out the 
boiler. It is generally circular in form, and dished to give it 
greater strength; on the inside, about i^-in. from it, a second 
plate is fixed for protecting the outer door from the heat. 
This form of door is hinged at the side, and .has at its centre a 
fastener usually called a “ dart,” which has a flattened end 

with shoulders. This is passed with the head in a horizontal 
position between two bars of iron, about 2-in. apart, which 
extend across the front, inside the smokebox, and then turned 
so that the shoulders catch on the inside, the door being then 
screwed tightly on to its face by the outer handle or wheel. 
Another common form of smokebox door folds in the centre, 

and is hinged on either side; this form has been frequently 
adopted where some obstruction may prevent the opening and 
shutting of a round door. A third form hinged at the top and 

opening from below is often met with on engines with lovv 
boiler centres.
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The main steam pipe from the boiler to the steam chest 
passes through the smokebox which assists to an extent as a 
super-heater for the steam. Vertically within, exactly under 
the centre of the chimney, stands the biast pipe. Spark 
arresters, when used, are either arranged horizontally across 
the box forming a diaphragrn just above the top row of tubes, 
or are made conical to fit between the top of the biast pipe and 
base of the chimney, their use being to prevent the small coal 
or sparks drawn through the tubes from the firebox being dis- 
charged through the chimney. C shows the complete 
arrangement of a good form of smokebox with vertical front 
plate; there are cases, however, where the front plate is 
inclined, this being done to form a line with the front of 
cylinders which are set at an angle. All joints must be per- 
fectly air tight, or the biast of the engine will not be able to 
create a sufficiently good vacuum in the smokebox to keep up 
the rapid passage of air through the firebox. necessary for 
quick combustion, and also because any atmospheric air 
entering the smokebox direct would cause fresh combustion 
there by its oxygen combining with the unconsumed carbon 
which is pulled through the tubes, and the plates would be burnt 
by the heat so caused.

Extended smokeboxes are largely used in America, on 
the Continent, and to a less extent here. The addition to the 
cubical capacity of the smokebox causes a steadier and more 
regular drauglit on the fire, and this is beneficial when inferiør 
grades of coal are used as fuel. A small smokebox means a 
sharp effect of the biast on the fire, and a common remedy in 
the steam shed for a bad steaming engine is to brick up a 
portion of the smokebox and so diminish its capacity.

The smokebox, shown at C, must be emptied of the small 
ashes it collects by hånd. Where the construction of the 
smokebox will permit of it, a good plan is to provide a hopper 
with a trap door opening downwards under the engine for the 
automatic emptying of the ashes.

The chimney may be either tapering or parallel in shape. 
Its length depends upon the height of the boiler from the rail, 
as the loading gauge in this country will not pass more than 
about 13-ft. above rail level. The tapering form, larger at the top 
than at the base, is claimecl by many to secure a better passage 
for the gases, and thus help the draught, and it would seem 
that this is a good claim, as the shape more approximately 
follows the outline of the escaping cone of steam from the 
biast pipe. The design of the top also considerably affects 
the direct discharge of steam and smoke.

The main uses of the chimney are first, to form an
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exhausting device in conjunction with the escaping steam 
from the biast pipe, whereby the contents of the smokebox 
are withdrawn by virtue of its velocity, causing the draught 
already spoken of; and secondly, that the smoke, etc., may be 
carried away above the level of the driver and the train. It 
may be of cast iron, in one piece, as at D, built up of a cast 
top, pressed base, and connecting cone of plate, as E, or built 
up of plate entirely, as F. It has various external shapes, 
depending more or less upon individual fancy.

We will now refer to the great difficulties to be contended 
with in the formation of deposit, and incrustation or scale in 
the boiler.

When this is not more than the tliickness of an egg-shell 
where circulation is most active, it is no disadvantage, but 
is good rather than otherwise, as it forms a protection to the 
plates against the corrosive action of the water; but when it 
becomes thick enough to threaten the closing up of the water 
spaces, or gathers in large quantities on the tubes and plates 
exposed to g'reat heat, it causes a wasteful expenditure of fuel, 
tends to shorten the life of the boiler, and may become a source 
of danger. The heat from the firebox, when not carried off 
rapidly, as it should be by the fresh water brought to it by 
circulation, on account of the scale being a bad concluctor, 
overheats the plates, so that in course of time they may 
become burnt through.

The formation of scale, when it gives rise to slight over- 
heating, causes unequal expansion, which is one of the principal 
sources of wear and tear in a boiler.

Most waters used for locomotive boilers contain solid 
matters in solution, which are deposited by the high tempera­
ture, or are left behind by evaporation. The first effect of the 
precipitation of these solids, unless cleaned out, will be to 
harden and form scale. There are usually from 20 to 40 grains 
of such matters to a gallon of ordinary water used for boilers, 
and it is easy to conceive what an excessive thickness would 
accumulate over the whole surface of the boiler below the 
water line if cleaning out be neglected for any length of 
time.

It may be observed that the production of steam in a new 
locomotive boiler will increase at first, then remain stationary, 
and afterwards decrease. This may be, however, in part due 
to the elimination of priming, generally so great in new boilers, 
and which becomes less as the grease and dirt is removed.

It has been stated that Tx^ of an in. of scale on the tubes 
is equivalent to a loss of 20 per cent, of fuel, and that the loss 
inereases in a very rapid ratio. Another observer has demon-
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strated that scale of an in. thick demands an increase of 
15 per cent, of fuel, and scale J-in. thick 60 per cent., and 
scale ^-in. thick 150 per cent, more fuel, and so on; but the 
circumstances to be considered are not well understood, and 
are too varied to admit of exact calculation, as the matters 
that go to form the incrustation are so diverse in their 
character.

A large number of Chemical substances have been intro- 
duced with a view to secure the solubility of the salts contained 
in the scale by decomposing them and their use has been 
attended by varying- degrees of success. The most common 
of these is the ordinary soda of commerce ; white ash or soda 
ash is often used as it is cheaper, but it is less effective. It is 
usually clissolved and introduced into the feed water, the 
quantity being found by experiment and varying with the 
water usecl. From i-lb. to 2^-lb. per day is a usual quantity, 
but it depends upon the amount of work done, etc. More soda 
ash and less caustic soda would be required, but though good 
for detaching scale, most of these substances have a tendency 
to increase priming. Frequent washing out with water under 
pressure is the best means of preventing the formation of scale 
n locomotive boilers.

The exhaust or biast pipe should stand central with the 
chimney so that the escaping steam shall be dischargeel 
clirectly through it. The most common position for the top or 
nozzle of the biast pipe is just above the level of the top row 
of boiler tubes, but this is by no means universal as instances 
may be found of positions varying from the bottom row ot 
tubes up to the chimney base. It has been observed that the 
higher the nozzle the more the fire will be burnt at the front 
of the firebox, and by lowering it the fire will be burnt more 
at the back. In this country the orifice is always circular in 
shape, and its diameter depends upon the work the engine has 
to do, the size of the cylinders, the grate area, and the quality 
of fuel used. For all ordinary engines having cylinders of 
16-in. diameter and upwards, it will be found to be between 
4i-in. and 5 i-in. in diameter.

The metal employecl is generally cast iron, but some will 
be noticecl made of copper, with the base and nozzle either of 
cast iron or brass. It is common practice to make separate 
nozzles with a flange, and form the top of the pipe with a 
similar flange, to which they can be attacheel; the outlet is 
thus easy to remove for cleaning, and can also be readily 
changed should it be found necessary to alter the size. These 
separate nozzles are often cast in brass, with a hollow chamber 
round the top, to which steam can be admitted and clischarged
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through a ring of holes forming the blower, which will be 
referred to later on.

In designing a blast pipe care should be taken to make it 
so that the cone of escaping steam just enters the lower end 
of the barrel of the chimney, and not strike the base of the 
chimney or the top of the smokebox wrapper plate, as by 
doing this the draught on the fire is greatly impaired; the 
distance from the top of the biast nozzle to the base of the 
chimney will therefbre depend on their relative sizes. Varying 
opinions exist as to the cross section of the pipe, and also as 
to its form at the upper part, but it would seem advantageous 
to secure as easy a passage for the exhaust steam as possible 
from the cylinder ports to the top of the pipe, and therefore 
all awkward bends should be eliminated. The outlet should 
be exactly central, with the centre line of the chimney for the 
last foot of its length. Some designers make the last i^-in. 
of the bore parallel as at A, Fig. 6. Others will only have 
J-in. parallel, and some bring the taper of the pipe up to the 
top, with very little, if any, parallel at all, as at B. A con- 
tracted orifice is a frequent cause of back pressure in the 
cylinders, but sometimes the exhaust steam from one cylinder 
passing over and interfering with that from the other will 
cause equal trouble, and to overcome this many engines have 
two exhaust orifices, one for each cylinder, the pipe having 
two flanges and made “ breeches ” shape, with legs joined at 
the top and terminating in a single nozzle. American builders 
make the exhaust steam from each cylinder entirely free from 
this interference by providing each cylinder with an inde- 
pendent pipe and separate nozzles; the disadvantage of this 
arrangement is that it does not give an orifice exactly central 
with the chimney.

Ordinary biast pipes at each stroke of the piston discharge 
a cone of steam through the chimney. This steam is sur- 
rounded by the products of combustion which are withdrawn 
from the smokebox by the velocity of the steam, but nozzles are 
made which collect the gases both inside and outside the ex- 
hauststeam. Thesearevariouslytermed “vortex,” “expansion” 
pipes, etc., and are cast to a shape which discharges the exhaust 
through an annular outlet, drawing the gases from the lower 
tubes through the centre of it. This design is claimed to give 
a more regular draught over the tube area than the ordinary 
pipe. C shows the Adams’ form of vortex biast pipe in section

Another device discharges the exhaust in a hollow ring, 
but the centre is occupied by the waste steam from the ejector 
for the vacuum brakes, which is thus assurecl of being exactly 
air with the chimney centre line.
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Fig . 6.—Bl a s t  Pipe s a n d  St e a m Bl o w e k s .
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Variable biast pipes are also largely used, and the advan- 
tages of being able to vary the opening of the exhaust orifi.ee 
are obvious, as, when an engine is provided with but one outlet, 
this has to be designed of a size small enough for the hårdest 
forcing required of the engine, and irrespective of the faet that 
a large proportion of its work will be performed under mueh 
more favourable conditions. When a driver has facilities for 
using a larger nozzle he can considerably reduce the back 
pressure when opportunities occur and lessen the draught 
through the fire. One style of pipe which has been largely 
adopted is of cast iron, and has a cap hinged at the front, that 
is nearest the smokebox door, controlled by levers, and workeel 
by a rod passing to the cab, where a handle and clamp enable 
either large or small outlet to be used at will. The diameter 
of the cap is that of the ordinary pipe for the same class of 
engine, and that of the pipe is about 40 per cent, larger. 
D, Fig. 6, shows a variable nozzle of this description in 
section, known as Macallan’s pipe, with the cap moved off its 
seat, allowing the steam to escape from the larger opening. 
E shows a plan of the pipe with cap on, so that the exhaust 
steam has to pass the smaller opening. It will be seen from 
these views that the pipe has two lugs cast on it, and the cap 
has one, which is made to fit between them, and a pin passes 
through, made square in the hole through the cap lug.

We describe this form somewhat fully owing to its larjje 
application, but we can only find room to mention one or two 
others in actual use, as the designs for variable biast pipes are 
simply legion, and descriptions would fill pages of letterpress.

A simple device has the nozzle made up of strips of elastic 
Steel arranged conically, and encircled by a cast iron band; 
the size of the outlet can be altered at will by raising or 
lowering this band. Providing a solid taper plug in the 
interiör of the nozzle, the raising or lowering of which will 
allow of more or less opening, is a third arrangement; whilst 
a fourth has double concentric openings at the nozzle, the 
inner being shut off from the outer when desired by a ring 
working inside the pipe ; for a large outlet and soft exhaust 
both nozzles are open, whereas for a sharp draught the con- 
nection may be closed, and steam only permitted to escape 
from the inner pipe. In the majority of variable biast pipes 
sliding surfaces are relied on, which must be more or less 
exact. These are not to be recommended for use in such a 
position as a biast pipe occupies, as they so easily become 
choked with soot, etc.

An arrangement mueh used on the Continent is to provide 
the outlet with two hinged flaps, one on each side of the pipe,
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so that its size can be varied by opening or closing these flaps 
by means of suitable rods and levers. As will be seen, how- 
ever, the shape of the escaping steam will be different for each 
variation. This form of pipe is shown at F. Another method 
is to have the outlet of the pipe made serrated by vertical 
cuts, a ring- is made to revolve on the top of this, having on 
its internal diameter similar nicks ; thus, when the ring- is 
turned so that its teeth coincide with the teeth on the pipe the 
outlet is largest, and when the teeth of one covers the gaps of 
the other the outlet is smallest. This also is open "to the 
objection stated above.

A novel arrangement of exhaust pipe and chimney is 
adopted on the P. L. M. Railway, France. It is remarked 
that the internal portion of the cone of steam issuing from an 
ordinary biast pipe is not utilised, but passes away as a wasted 
power, and in order to use it the diameter of the chimney is in 
this case made much larger with a copper cone up the centre 
over the exhaust pipe, small at the bottom, swelling out 
towards the middle, and reducing again at the top, thus the 
area through which the exhaust steam has to pass is about the 
same as that of an ordinary tapering chimney, although here 
the chimney itself is made parallel. When the steam leaves 
the biast pipe it strikes the bottom of the cone and spreads 
and filis the annulus between the cone and chimney. It is 
claimed that this secures a much steadier and softer draught 
on the fire. On referring to the drawing F, which shows this 
device in section, it will be seen that there is a pipe provided 
by which steam can be admitted at will to the lower part of 
the cone, which has a ring of holes around it, thus forming a 
blower.

It should be observed that all the nuts that are used for 
holding down the biast pipe should be made of brass, and 
form caps to protect the ends of the studs from the corroding 
action of the steam and burnt gases ; on referring to A these- 
nuts will be seen.

In America it has been the practice to make the biast 
pipe very short, and above it, up to the chimney base, provide 
“ petticoat ” pipes, sometimes one, and in many cases four or 
five, as they are saicl to give a more equable draught over the 
whole tube area. Ihis has now become a common practice 
here with the high pitched boilers now in vogue, and their 
consequent very short chimneys.

It is a faet, well known to enginemen, that any obstruction 
placed in the biast pipe will materially add to the draught on 
the fire, and this knowledge has been made use of in the case 
of bad steaming engines by placing a bolt across the pipe



Th e  Bo il e r : Bioivers, Capacity of the Boller. 33

through holes drilled in the pipe, or suspending any heavy 
piece of metal inside by means of hooks, and even by stretch- 
ing a piece of wire across the top of the pipe. Ihese practices 
are however to be condemned, as the liability of dropping 
obstacles down the pipe, and thus causing damage by getting 

into the moving parts, is very great.
The blower is provided to create a draught by means of 

a steam jet, and assist the lire when raising steam, or when 
the engine is stationary, standing at stations, etc. It is usually 
made by* a ring formed rouncl the outlet of the biast pipe,, 
which has a series of holes in its upper surface, so that when 
steam is admitted it will escape through these holes, pass up 
the chimney and cause a draught. This ring may be either 
cast in one with the nozzle, and have suitable unions by 
which a pipe can be attached to it from the blower cock, as at 
A, or the blower may be entirely separate, of copper pipe, 
which is bent to a circular form as far as possible and laid on a 
ledge, or in some cases on lugs cast on the pipe for its reception, 
holes being drilled as in the last case at its upper face. 
G shows a plan and section of this form of blower. A second 
arrangement is to have a single pipe laid up alongside the 
biast pipe, discharging up the chimney, but this is not so good 

as the first.
In some engines the steam used for exhausting the air 

from the vacuum brakes by the small ejector can be at will 
discharged through the blower, thus answering two purposes ; 
but in most cases it is “live” steam that is used, and then it 
is good practice to take it from the dorne by means of an 
internal pipe, so as to insure dry steam in all cases. The 
blower is entirely under the control of the men in charge of 

the engine.
The internal capacity of the boiler may be said to be 

divided into two parts, the water space or portion below the 
water line, and the steam space or that above it, in which the 
steam generated is collected; authorities differ as to the exact 
proportion that these should bear to each other, but as a 
general rule the water space is about j of the total capacity of 
the boiler. A large body of water gives a steady supply of 
steam, and ampie steam space lessens the liability to “prime,” 

a trouble referred to later on.
A usual method of increasing the steam space without 

carrying the water too low in the boiler, is by adding a dorne, 
also by making the firebox wrapper plate of a larger diameter 
than the barrel. This may be done in two ways, the plan 
usually adopted in this country, known as the raised firebox, 
has the throat plate extended over the top of the barrel

3
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Fig . 7.—Re g u l a t o r s .
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forming a joint with the wrapper plate; whilst the “wagon 
top” arrangement, common in America, has the last plate of 
the barrel sloped upwards to meet the wrapper plate to which 
it is attached, and which carries the dorne. Here, the dorne is 
usually placed upon the barrel often at the front end when 
the barrel is made in two lengths, or, at or near the centre of 
the midclle plate when the barrel is composed of three. The 
latter practice of having the dorne nearer the centre would 
appear to have the advantage of being above the water at its 
most uniform level, as in starting, the water will wash towards 
the back and necessarily rise higher. Engines with the dorne 
near the chimney end, especially if tank engines, will be liable 
to prime-when starting in back gear for this reason.

The regulator, by means of which the steam is controllecl 
and allowed to leave the boiler for the steam chest, is usually 
placed in the dorne with the inlet at the upper part so that the 
steam shall be taken as far from the surface of the water from 
which it is generated, as possible. When no dorne is provided 
the steam is collected in a pipe some 5-in. or 6-in. in diameter, 
fixed in a horizontal position along the top of the inside of the 
barrel, and running its entire length ; this is perforatecl at its 
upper side to allow the steam to enter there.

The design of regulator shown at A, Fig. 7, is called the 
Ramsbottom, from the name of its originator, it is fixecl in the 
dorne and is of the double beat type; the valve, which is cast 
in brass, having two seats, the upper one being slightly larger 
in diameter than the lower, and made with a boss to which 
the rod for lifting is connected ; it has four radial wings to 
allow the steam to pass to the lower seating. To open this 
regulator the valve is raised, thus opening the upper part, 
then steam also has access through the inside of the valve to 
the lower seat, allowing a large opening to steam for a slight 
lift of valve. The movement of the handle in the cab is trans­
mitteel to the valve by means of an eccentric. This is a very 
■easy regulator to work, and it is much liked by drivers.

The form shown in section and elevation at B, is also 
fixed vertically in the dorne in a similar manner to the last 

’example, but is of the sliding type, the top head of cast iron 
having two ports which are coverecl by a valve of brass having 

'One similar port through it, also a smaller port covered by 
•another slide of cast iron, these two valves are connected 
■through a prolongation at their lower end by means of a pin 
passing also through the fork end of a connecting rod; in the 
larger valve the hole is slotted, but in the smaller one it is 

round. The rod from the foot-plate fits at this end into a 
■Socket cast on the pipe, and has a crank to which the other
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end of the above-mentioned connecting rod is attached. To 
open the regulator the handle in the cab is moved, this raises 
the connecting rod, and the pin being a fit in the small valve 
it is lifted at once and uncovers the small port allowing the 
steam to pass through the large valve into the pipe, admitting 
pressure to the inside of the large valve, and thus tending to 
a State of equilibrium, so that when the pin has travelled to 
the top of the slotted hole, it will lift the large valve more 
easily than would be the case if no pilot valve were fitted. It 
will be observed that the large valve has a lug cast upon its 
upper end, which overhangs the head, so that should any of 
the mechanism be disconnected or broken the valve will drop 
until the lip catches, and this is the position when both ports 
are covered; the small valve is also sometimes provided with 
a similar lip, but this practice is by no means universal. It 
should also be noticed that two plate springs pass across the 
backs of the valves and hold them to the faces, so that should 
the engine be subjected to any sudden jolt they cannot fali 
back and leave the ports open to steam. The head is arranged 
so that it is not exactly vertical but slightly inclined, to allow 
the crank on the rod below to be always working in an advan- 

tageous position.
In the next example, at C, the regulator as before is 

located in the dorne, and the ports, four in number, are 
arranged around a centre, upon a pin at the centre a butterfly 
valve is made to revolve, and is provided with four similar 
ports and blanks between them, sufficiently large to cover the 
ports in the head. The valve has two lugs cast upon it at 
opposite sides for connecting rods from the horizontal rod 
from the cab ; to open it the valves are turned until the 
holes uncover the ports. The design shown is that for 
small engines, but larger engines have similar ones with a 
pilot valve so fixed as to allow steam gradual admittance to 

the steam chest.
D shows a section of the usual design used in America, 

in which the head has two holes, one at the top and one at 
the bottom, and two valves upon a common spindle, and as 
the top valve is made of a larger diameter than the lower one 
the amount of work necessary to overcome in opening them, 
is only equal to the difference in the area of the two. It is 
general with this design of regulator to have the rod from the 
cab of the “pull out” type, and connected to a bell crank, as 
clearly shown in the sketch. The usual position of the driver 
on American engines being at the side of the firebox, and not, 
as here, at the back, this form of handle is more convenient. 
The handle is worked upon a sector with notches as in
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reversing levers, but arranged horizontally, and in these 
notches a catch engages.

At E is shown a regulator fixed in the smokebox on the 
front tube plate, and to it the steam is conducted by means of 
the internal pipe described earlier ; in this form two ports are 
cirrangeel lengthwise of the engine covered by a valve riding 
crosswise, so that to open them the movement of the handle 
is exactly similar to those shown at A, B and C. This class 
of regulator is not always provided with a relief valve, as 
more leverage is available ; but it has the disadvantage that 
the long connecting- rod to the handle is liable to twist.

At F another arrangement fixed in the same position on 
the boiler as the last is shown, but in this case the ports are 
arranged transversely, and covered by a valve with a large 
port and two smaller ones ; above this is a riding or pilot 
valve with similar openings. The handle in this case is of 
the “pull out” form, and in operation the first movement 
opens the small ports, then the projection upon the small 
valve engages the larger one and moves the two together 
until the large port in both valves allows steam to pass into 
one port of the head, and also to pass by the front end and so 
down the other one. The end of the rod is provided with a 
stuffing box, so that the weight of it may not rest on the 
valves, and also the valves may not be lifteel from their face 
without lirst removing the cover plate.

The joints at the regulator end of the internal steampipes 
for the designs at A, B, C and D are all coned, the casting 
being turned and the pipe, which is generally of copper, 
having a brass cone with a shoulder brazed upon it, a band of 
iron, or more properly, two half bands are placed round it and 
behind the shoulder, the bolts uniting the two half bands pass 
through an eye formed at the end of two bolts, which pass 
through holes in lugs on the regulator casting; screwing up 
the nuts on these bolts will cause the brass cone to be forced 
tightly into the cone of the regulator. A slight modification 

is shown at C; here, instead of the bands the bolts have 
hooked ends which are placed behind the shoulder, and tight- 

ening the nuts pulis the cone home.

The joints at the tube plate end for the above are made 
by belling the pipe out to fit the hole in the tube plate, which 
hole must be large enough to allow for the passage of the 

cone and shoulder at the other end of the pipe, and then 
driving a ring of Steel turned accurately to size into it, and 

making a joint similar to tube ends, when ferruled up. 
Another method is to fit a flange on to the pipe with a portion 
of it made large enough to enter the tube plate hole, in this
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case, of course, the pipe is parallel ; this joint is shown in 
section at G.

A common form of stuffing box through which the regu­
lator rod has to pass at the tirebox end of the boiler is shown 
at H. It consists of a cast iron box, with flange and a projec- 
tion at the top of it forming a guide and stop for the handle ; 
a neck ring fits at the base of the inside of the box, and a 
giand at the outside, the joint around the rod being usually 
made with hemp packing.

The handles are either double or single, a usual form of a 
single one is shown at H, one end of which fits upon a square 
at the end of the regulator rod where it is held in position by 
means of a nut. A particularly neat form of double handle is 
shown at I, consisting of a round bar with a boss to lit the 
square on the rod as before, and a rectangular portion to 
engage the stops on the stuffing box flange. A double 
handle, of course, gives the driver more power over the 
regulator than a single one, this being very useful in .the case 
of a “sticking” valve.

At J is shown a clouble håndled “ pull out ” arrangement. 
The rod end has a fork which is connected to the centre of the 
lever, a hinge for this lever being on one side of the stuffing 
box flange, and on the other a sector through which a screw 
affixed to the lever passes with a thumb nut at the top, so 
that the driver can clamp it in any position he may wish. A 
securing device of some kind is necessary for the forms of 
regulator shown at E and F, as they have no tendency to 
keep closed by their own weight as the vertical patterns have.

Priming or foaming is caused generally by the presence 
of greasy matters in the water, and it may be remedied, if so 
caused, by the addition of a lunip of unslaked lime to the feed 
water in the tank, or a piece of bluestone (sulphate of copper), 
but the two should not be used together. Water carried too 
high will also cause priming; this is not always because the 
level is nearer to the point at which the steam is drawn off, 
but because the higher the water is carried the less will be the 
area from which the steam has to escape.

Safety valves are provided to prevent the pressure of 
steam in the boiler exceeding the precletermined limit arranged 
for by the designer. The valves are adjusted to lift and permit 
the surplus steam to escape as soon as the pressure attains 
the appointed figure, and close when the necessary reduction 
is accomplished. Every boiler should be fitted with at least 
two valves, three are provided at times to reduce to a minimum 
the possibility of explosion through valves sticking and con- 
sequent excessive pressure.
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The double valves are generally 3-in. in diameter, whilst 
the third, if provided, is a smaller one of 2-in. diameter, screwed 
down to blow off at 3-lb. per square inch higher pressure.

The best position upon the boiler to place the valves 
would appear to be upon the wrapper plate, it being there 
farthest from the dorne where steam is being drawn off through 
the regulator to the cylinders, as when an engine primes it 
generally causes an unusual generation of steam which escapes 
at the safety valves; this in its passage is liable to accumulate 
and lift the surface water and foam, thus the further they are 
placed from the dorne the better, as they will then tend to 
diminish the evil of priming at that end rather than increase 
it as they probably woulcl do if placed there.

It is very necessary that the pressure should not exceed 
the desired limit and. to prevent tampering with the safety 
valves, ferrules or washers are iitted under the holding down 
arrangements, so that whilst it may be quite easy to relieve 
them and allow steam to blow off before the fixed pressure is 
reached, it is almost impossible to exceed it without employing 
means which are easily detected.

The most common form of safety valve to be met with on 
British locomotives is that introduced by Ramsbottom. in 1855. 
It was originally, and is still in some cases, constructed of 
brass, but now it more usually consists of an iron casting 
forming two hollow pillars, which stand vertically upon a 
circular plate, these are in communication with the boiler at 
the base, whilst the valves close them at the upper ends; the 
valves are held down by means of a spring pulling on a lever 
which crosses the pillars and rests on each, the lever has a lug 
upon it projecting' downwards between the pillars, to which 
the upper end of the spring is attached. Near the base of the 
pillars a bridge piece is cast between them, an eyebolt passes 
through a square hole in this and is secured by a nut under- 
neath; the eyebolt has two holes, the lower one being for the 
reception of the lower end of the spring, and the upper one to 
connect safety strips mentioned later. Between the shoulders 
of this eyebolt and the bridge is insertecl a washer, made the 
exact thickness required after adjustment to form a lock. The 
valves are made of gun-metal and are of the wing type, deeply 
coned at the top for the reception of the bearing points of the 
holding down lever. When the casting is of iron the valves 
take their seats upon bushes of gun-metal inserted into the 
upper ends of the pillars. The lever, or, as it is often called, 
the “cowtail,” is made of a piece of flat wrought iron, with a 
hinged joint to take the bearing on one valve, whilst a plain 
projection upon the lever holds down the other, one end of the
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Fig . 8.—Sa f e t y  Va l v e s a n d  Pr e s s u r e Ga u g e s .
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lever is continued and brought down to a convenient height, 
and when the valves are located on the firebox wrapper plate, 
it is carried through into the cab for the engineman to reach 
when he requires to “try” his valves to make sure that they 
are in working order. The usual method of setting this.form 
of valve is to raise the pressure of steam in the boiler, which, 
in addition to the usual steam gauge has, temporarily, a 
second fitted to it as a check, the valves are then graclually 
loaded by adding tension to the spring by screwing up the 
nut under the bridge until they just lift at the required 
pressure, then the distance between the upper side of the 
bridge and the shoulder of the eyebolt is accurately measured, 
and the steam let down to enable the washer mentioned above 
to be fitted. A casing of thin metal is placed round the entire 
arrangement on many engines, which prevents any interfer- 
ence with the adjustment by unauthorised persons. The 
safety or side connecting strips above referred to are employed 
as a precaution to prevent the loss of the valves and lever in 
case of the breakage of the spring. They have holes for the 
reception of pins for connection at the bottom to the eyebolt 
and at the top to the lever, which has a. slotted hole in the 
central projection, so that they do not interfere in any way 
with the action of the spring, but ensure the lever standing in 
an exactly vertical plane, and so prevent any unfair pressure 
on the valves. This pattern of valve is shown in longitudinal 
and transverse section at A, Fig. 8, the particular form illus- 
trated is for an engine with girder stays, and is placed upon a 
manhole seating. When, however, direct stays are employed, 
no manhole is provided on the wrapper plate, and the safety 
valve casting instead of rising from a circular plate, has two 
pillars branching from a common base fitted to the curve of 
the boiler, and attached to it by studs. The Ramsbottom 
valve has the advantag’e of being simple and effeetive, and is, 
further, difficult to tamper with.

Another form of safety valve is the Salter spring-balance, 
this, however, is not now so common as the last mentioned, 
but in the earlier clays all locomotives had one or more fitted 
to them. When used it is usually placed on the dorne, of 
which the casting containing the valve seatings is made to 
form the top. The valves are two in number, placed side by 
side, and similar in shape to those last described; they are 
often made with a centre pin instead of wings on the Continent. 
The valves are held down by levers, pivotted, or working 
under knife edges passing through projecting lugs on the 
castings and loaded by springs enclosed in cases, a pointed 
distance piece being placed between the valve and the lever.
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The casing for the spring is made in two lengths, one sliding 
within the other, and the springs are attached to plates at 
the ends of each cylinder. The smaller cylinder is g'raduated 
to show the steam pressure in Ibs. per square inch, so that as 
tension is applied to the springs by a screw at the top it pulis 
the larger cylinder higher up the inner one and exposes the 
various figures. Two springs are generally arranged in each 
case, coiled right and left handed one within the other, the 
lower end of the spring case is attached by suitable pins to a 
bracket fixecl to the boiler, as shown at D, which represents 
this form of safety valve in section. To set the valves to blow 
off at any required pressure steam is raisecl as before, and the 
springs screwed up to the required tension, when the distance 
between the nut and the shoulder at the base of the screw is 
accurately measured, then the pressure relieved, and a ferrule 
made to fit over the screw which cannot be removed while 
steam is up, it is then easy to release the valves and allow 
steam to blow off before the maximum pressure is reaclied, 
but more tension cannot be applied to the spring to enable a 
higher pressure being carried. This form of valve is simple 
and not liable to get out of order, but is not so good as the 
Ramsbottom, the valves not being able to get an opening 
large enough to release steam rapidly, as the distance between 
it and the end of the lever is necessarily great. Another dis­
advantage is the possibility of it being' held down to secure 
increased pressure, and boilers when fitted with this valve 
should also have a smaller one locked up as an auxiliary and 
a safeguard.

A directly loaded valve for use in conjunction with the 
above is shown at C. In this case the valve is also of the 
wing type, and is held down by a coiled spring bearing on a 
plate fitted to a spindle, which has at its base a point engaging 
the valve, the upper end being carried through a hole in the 
holding down plate as a guide. The proper tension on the 
spring is obtained as describecl for the other cases, by trial, 
ferrules being fitted over the holding' down bolts between the 
top and bottom plates.

The spring loaded valves above describecl possess a serious 
disadvantage, inasmuch as when the valves lift the load on 
them increases, due to the increasing tension on the spring, 
just the reverse of what theory would tell us to be the desired 
action of a perfect relief valve. With the Ramsbottom valve 
it is necessary to set it to blow off just under the limited figure, 
and even then it is quite possible to exceed it by io-lbs. per 
sq. in. when biowing off hard. Many attempts have been 
made to overcome this disadvantage both in the spring-
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balance types and the direct loaded. In the valve
curved lever was introduced, so arranged t spring-
lifted the joint of the lever, where connechon wh the^p  

was made, approached the fulcrum, thus ten g 
load constant. On the German railways, where a sp^ 

balance is used, a jointed connec ion moj|^cation of the

springs, which are here in compression, and a l endosc 
casinfs. The valves themselves are of a pecu har design, they 

are double, with a sliding cone and a pipe d in 
distance into the boiler, this is open at the lower end, ^an 

free communication with the boil I • ’ pressure
i <-!->« vnh'p qpatine’. When the steam prc^uic

mternal cone is the \ alve seau g valves by its action
rises higher than that reqmred,14 llfts val Qf. yalve>

through the mternal pipe on the und • seatinff;

regularly.^ anQther valve designed to over-

ä s t - “s  s?=

than other spring  loaded valves. I he Part^u  steam,

s  ä  ä ä :aas  »ä ä  

surrounds it, and takes a seat on the cæ ~ s ,

area on which the steam pressure can the boiler. A
lift suddenly, and instantaneously reliex , nrovision of a

e x ä ä s ä  ““r'cis
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connection for a pipe to lead the dischargeel steam to the feed 
water tank tor heating purposes.

lo mdicate the pressure carried in the boiler a steam 

gauge is iitted. Æcommonform is the Bourdon traume, the 
action of which depends upon the faet that a flattened tube, it 
subjected to internal pressure, will endeavour to assume a 
circular section, and, m lts attempt to do so, will straighten 
itself; thus in the sketch at G, Fig. 8, it will be seen that a 

pointer indicates the pressure per sq. in. carried in the boiler, 
on a dial, and the case contains a flattened tube, connected at 
t ie one end to a casting, which has a union for a pipe from 
the boiler upon it, and closed at the other with a hin^e 

or attachmg a connecting rod which actuates a lever on 
the spindle carrymg the pointer; as the pressure within 
the pipe tends to straighten it, the closed end with the con­

necting rod will move outwards, turning the pointer round on 
tne cnal. Instead of having a connecting rod direct, the 
movement can be made by means of a pinion and quadrant, 
the former bemg on the pointer spindle, and the latter pivotted 
and connected to the end of the flattened tube. There are 

numerous variations of this pattern of gauge, but the principle 
T° m the™ 1S Practically the same, and our illustration

the.simplest. It is absolutely necessary with this gauge 
that the pipe connecting it to the boiler should be formed into 
a syph°n, so that condensed water may always be in the tube;

Ti?1 WaS allowed access to it it would materiallv 
attect the tube by expansion, etc., and further cause it to soften. 
1 ie usual way to form this syphon is, as shown, by carrving- 

e pipe round the gauge and then make connection, but 
sometimes a coil is made in the pipe below the gauge.

Another form of pressure gauge is shown at H. Here the 
artiöH depends upon the elasticity of a thin corrugated metal 
plate or diaphragm, supported round its edge, and subjected 

fl«?-KeiSS^e °? °ne S,lde’ the extent of the movement of this 
flexible diaphragm depeneling upon the pressure applied. A 
vertical rack rises up from the diaphragm, having a ball and 
socket at its base, and Control led by guides, engages into the 
teeth ofa. small pinion on the same spindle with a quadrant, 

hicli m its turn engages a pinion on the pointer spindle, the 
c laphragm as it rises lifts the rack and the pointer is moved 
round the dial. Ihe diaphragm has a series of concentric 

coiTiigations in order to inerease both its sensibility and life. 
his torm of gauge cloes not require the syphon pipe as the 

ast does, but may be coupled direct to steam if desired. The 
i ustration is of an ordinary Schaeffer gauge, modifications of 
i may be met with, but all embody the same principle of ac,tion.
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Water gauge columns are provided at the back of the 
outer firebox to enable the level of the water in the boiler to 
be readily discerned. They consist of suitable brass mount- 
ings, the upper one communicating with the steam space, and 
the *lower with the water, a glass tube connecting the two, 
and occupying the range within which the water level must 
be kept. The best level for all practical purposes is about 
two-thirds of the distance up the glass when the regulator is 
open; carrying the water higher than this increases the 
tendency to prime, especially when the water is not clean. 
Should the water disappear below the bottom of the glass it 
may be assumed the crown plate of the firebox is dangerously 
near over-heating, and it would be advisable, if the level 
of the water cannot be raised, to at once draw the fire or 
smother it with sods of earth or ballast thrown on it, and shut 
the damper. At A, Fig. g, is shown an ordinary pattern of 
column, consisting of an upper cock fixed to a flange studded 
on to the boiler, and a lower one similar to it, with a third 
cock at the bottom for allowing the glass to be cleaned by 
biowing steam through it. A drain pipe is attached to this 
last, and is carried down to the ashpan. The top and bottom 
fittings are provided with giands and stuffing boxes, through 
which the glass, which is from ^-in. to f-in. diameter, passes. 
The cocks are ordinary ground-in plug cocks connected 
together by a rod, so that when a glass breaks the two can 
be simultaneously closed. Both fittings have small plugs 
immediately opposite the holes in the firebox fronts, through 
which a wire can be passed for cleansing purposes.

As there is considerable danger of being scalded by the 
water when a glass breaks, several methods have been devised 
to automatically close the water and steam ways when such a 
mishap occurs. At B is given a form which has been intro- 
duced by Messrs. Dewrance, of 158, Great Dover Street, 
London, S.E., and is now in very extensive use on most of our 
British railways. These columns are made of gun metal, and 
the top fitting contains a small valve, which has a hole through 
it for the passage of steam to the glass, the bottom one having, 
instead of the valve, a ball testing in a small cup-shaped 
support immediately below the opening through which the 
water reaches the glass. The usual third cock is provided for 
biowing through when necessary. All three cocks are of 
Messrs. Dewrance’s well-known asbestos packed pattern, so 
constructed that the plugs are not in direct contact with the 
metal of the casings, and consequently can expand without 
becoming fast and immoveable as so frequently happens with 
plain ground-in cocks. The operation of the automatic valve
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is as follows:—When a glass breaks the sudden rush of water 
lifts the ball and carries it from its support to its seat, effectually 
stopping the flow of water; the steam similarly forces the top 
valve clown, and only escapes in a tiny stream through the 
small hole; it is, therefore, an easy and safe matter to 
approach, close the cocks, and fit in a new glass. This is 
done by removing the plug at the top of the upper fitting, 
and lifting out the valve. Stuffing boxes of an approved style 
are provided for the glass, as in the last example. In addition 
to the risk of scalding, tliat of being hurt or even blinded by 
the particles of glass exists, and protectors are now iitted to 
obviate this and save the glass from cold draughts and acci- 
dental blows. Wall’s patent, made by Messrs. Dewrance, 
consists of two or three pieces of plate glass fixted to end plates 
of gun metal, shaped to engage the glanel nuts so that it can be 
easily and quickly adjusted. This form of protector is shown 
on the column B, and also cletached at C. Hulburd’s protector 
entirely encloses the gauge glass and has a pipe connection to 
convey away all water and fragments of glass into the ashpan.

In addition to the columns clescribed, the boiler should 
be provided with at least one test cock, by means of which the 
water level can be known, if the glass fails and becomes use- 
less. This test cock, or the lower one, if more than one are 
supplied, should be placed some four inches above the level of 
the crown plate so that clry steam issuing from it denotes that 
the water has reached its lowest limit consistent with safety. 
In cold countries, where glasses will not stand, three or even 
four of these test cocks are provided, and are arrangeel to dis­
charge into a funnel with a pipe passing down below the foot 
plate. A simple form of cock is shown at D, in which the 
body screwed into the boiler plate contains a seating with a 
screw valve, having' a T handle and a mushroom collar just 
below it to intercept any steam that may escape past the thread.

It was a universal custom to fit locomotive boilers with a 
fusible metal plug' in the crown plate, so that should the water 
level fail below the sheet the heat would melt the composition 
and allow steam to enter the firebox and extinguish the fire, 
but as these plugs were not always reliable many railways 
abandoned their use. E represents a simple form where an 
ordinary mud plug' is drilleri, throug'h, with the hole counter- 
sunk at the top and filled with a composition which melts 
when exposed to the heat without the protection of the water. 
This composition consists of an alloy of lead, tin, and bismuth. 
When employed these fusible plugs should not be allowed to 
run too long, as the metal is apt to become affeeted and will 
not then be reliable for the purpose intended.
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A blow-off cock for allowing the water to escape from thp 
boi er for cleansing is usually fixed at the lowest point possible 
and 1S constructed after the manner shown in sfctiona' F a 
flanged casting contams a thread and seating, with a scréw 
valve closing the exit. The stem of this latter is carrZd 

rough a lantern nut, and is provided with a square to take 
omé'X: pipe iS generally taken down

sä f » ä  

pipe to the injector. The valve is forced to its place airainst 
e steam, by the screwed spindle. To open it the’screw is 

uXllth^’ and Stea” enterS the pipe- The adjusting wheel 
increasedTev“ °r °f one of its spokes for

Ihe clack box or boiler check is attached to the boiler at 
the end of the feed pipe from the pump or injector, and onens 
aFn lfeam press1urf- A common form is shown in section 

5 ¥/ . ? Pr°vided with a flange for fixing- to a seatincr 
nvetted to the boiler, with another flange for attachinp- the 
feed delivery pipe. The valve shown is of the winTtype^vkh 
the wings cast spirally, so that the entering water wi 11 cause 
it to revolve and wear an even seating. The amount of lift 
regnLalccl by the plug screwed in the'top. A ball instead of 
this wing valve is often employecl.
,, c^ac^ b°x ancl feed delivery should be nroviclecl nt 
Ih °lthe b0iler if po-ible, and there are exampl« 
xvhere this has been arranged in the smokebox, the feed pine 

emg carned round this to gather heat from the waste ^SeS
An ln?Proved form is made with a casting fixed to 'the 

boiler and has a valve seat and stop inside the boiler so that 
fs stUm retlined eTv"°ckfd off b/ accident the boiler pressure 
nn Ål T ■ 1 m Valve 1S shown at T’ and is largely used
on Ihe American railroads, where the liability to head-end 
tl?p1S1-On 1S mUCh £reater than it is here, owing to the faet that 
there is a greater number of single lines. The feed ninp 
attached to it by a lantern nut^ which greatly adds^to itt 

ppearanee. Injectors, with steam valves and clack boxes. 
mbined, are now being largely adopted, and a description 

of some of the most familiar forms will be given when the 
injector is under consideration.

ai??unt of live steam admitted to the blower or steam 
is fix Jl\VnlmneyiCaK be re^ulated bY a valve which as a rule 
is fixed to the smokebox wrapper plate and worked by a rod
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from the cab, where the controlling handle is placed. The 
pattern shown at J is cast in gun metal and has two connec- 
tions for pipes inside the smokebox and a flange outside. The 
steam from the boiler is allowecl access to the cock through 
one of these pipes and passes the valve as required to the 
blower through the other. The valve has a screwed stem and 
a stuffing box is provided to prevent the escape of steam when 
the blower is at work. Various other types are to be met with, 
notably one in which a fitting is placed in the cab of the 
engine, and forms a small ejector for the vacuum brake as 
well, and steam can through it be supplied either direct to the 
blower or through the ejector first and then through the 
blower.

Steam whistles are provided not only to attract attention 
and act as a warning for the passage or approach of trains, 
but are also employed as important adjuncts to the signalling 
arrangements of the railway, the destination and route of 
trains being made known by codes of signal sounds, drawn 
up for each district. Further, the whistle is often used as the 
nieans of, communicating with the driver by securing the 
engine end of the corcl running along the train to some 
suitable connection to it. The form shown in section at K 
consists of a gun metal bell reversed with its mouth down- 
wards, and with its sharp edge immediately over an annular 
opening in the base, through which steam issues and impinges 
on it, causing the bell to vibrate violently and give out sound; 
the smaller the bell the shriller the sound, and vice versa, the 
1 arger, the deeper. The valve admitting steam to the whistle 
is kept closed by the pressure of the steam in the boiler, and 
to open it a lever is provided in the cab, to which a cord is 
often attached. To withdraw the valve for examination the 
Plug shown must be removed, and it can then be taken out. 
Another style of whistle is shown at L. It is similar in its 

action to above, but different in shape. Instead of using a 
large bell to deepen the sound a long pipe is employed with 
the same result. The action of the controlling gear can be 

easily followed from the sketch, as also the connection for the 
communication cord which comes in over suitable pulleys from 
the train. Many railways fit two whistles on their locomotives, 

one for signalling purposes, and a second for warnings only. 
When the whistle is placed on the cab roof—which is, perhaps, 

the best place to be found for it—the valves are arranged to 

work vertically with the gear above the whistle.
There are many other fittings on the boilers of loco­

motives, but most of them are for the brakes or other special 
appliances, and these will be described in their proper place.

4
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Fig . 10.—Wa t e r  In je c t o r s .
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The supply of water to the boiler is maintained either by 
means of injectors or pumps,the former beingworked by steam, 
either high pressure or exhaust, and the latter generally from 
some moving part of the engine. Brie fly, the principle of the 
injectors action is as folio ws : A jet of steam issuing from a 
contracted nozzle under a given pressure possesses more 
velocity than a corresponding jet of water would do at the 
same pressure, and if a jet of steam is suddenly brought into 
contact with a flow of water, a portion of the steam is con- 
densed, and its velocity becomes imparted to the water to a 
sufficient extent to enable the combined steam and water to 
lift the clack valve and enter the boiler.

It is necessary that the water should not be too hot, as 
the jet of steam would then pass completely through it without 
condensing, and would not be able to enter the boiler at all; 
on the other hand, the colder the water the better the injector 
will work. As, however, the aim of all designers of boilers is 
to get heated water into them, and so avoid local straining, 
due to expansion and contraction at those points where the 
colder water is introducecl, improvements have been made in 
injectors enabling them to work with warm and even hot 
water.

The earliest form of injector was invented by Giffard, and 
first fitted to locomotives in 1859, and the original form, 
slightly modified, has survived to the present day, a num- 
ber of engines still carrying them. A common pattern is 
shown at A, Fig. 10, standing vertically. It has three arms 
and an open base, being there fitted with a non-return valve; 
inside are three sets of cones, the top one being tor steam, 
which enters through the top branch, the second cone is in 
communication with the water, which linds admission through 
the next branch, and in this the steam meets the water, and is 
condensed; the third cone, which has its small end towarcls 
the small end of the last mentioned, with a space between, 
where the third branch is in communication, is provided 
as an outlet for all water and steam that does not correctly 
pass the opening between the two cones, and is called the 
overflow. To start the injector, water is turned on at the feed 
cock on the tank, then steam is admitted, and the quantity 
regulated by means of the screw plug shown inside the steam 
cone; the water is controlled by the raising or lowering of the 
combining cone by means of the hånd wheel which is attacheel 
to the pinion engaging the rack on it. These are adjusted 
until there is no overflow, and the injector is then fully at 
work. The non-return valve at the foot is placed there to 
prevent any steam or water from blowing- back if the boiler
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clack should be leaky. It is no doubt owing to the simplicitv 

and general adaptability of this injector, for it can be adjusted 

longUinafa”ourany °f **“* * haS SUrvived s°

r . ,If ab°ve-described injector should “fly off” as it is 
iable to do when the engine is passing over points or cross- 

nf lf S1top 1ped sV-ddenly, and the continuity of the stream 
of water js broken, the steam and water must be shut off, and 
the injector re-started. lo overcome this disadvantage, manv 

h theSi^rt en ‘'T'1' Among the best known of these 
s the mjector made by Messrs. Gresham & Graven, in which 

vXnb"’'nti C°ne 1S prov!ded with a movable portion, which, 

at thA mjector stops, moves and allows the pressure to escape
verflow ; when so reheved the steam jet forces it back, 

‘ d lnJector starts agam, without any external regulation 
whence the name “ re-starting ” to this class of injector. One 

orm is shown at B in three sections; it is called the “ com- 

mation mjector, because in one fitting are ^rouped the 
steam cock, water regulating cock, warming cock, and ston 
valve, with all necessary handles for controlling them. The 

steam is brought to it from the dorne, as is necessary for all 

injectors, and the delivery pipe is carried in through the back 
botlpr °or1the to.p.of the firebox towards the front of the 

th/v? k i " °ne,J°lnt 1S made on the boiler; steam enters 
t ie lowerhole and passes up the centre of the cones, which 

are arranged m the opposite direction to those in the last 
. ample> that is with the steam cone lowest, water and com- 

bimng cones and movable valve next, and the delivery cone 

uppermost; the three first mentioned are diminishing cones 
and the latter an enlarging one. When necessary to examine 

toPnLhS Pæs^ure’ the stoP valve may be screwed home 

enable this to be done, lo warm the feed water the cock 

the overflow pipe must be closed, and the water valves 
openecl, the steam then blows through to the tanks.
iniPef116 *?rinCXle °f this re’starting device is applied to 

jectors placed honzontally as well as vertically, with equally 
satistactory results. y

. r4not^r weli-known form is shown in vertical section 

at C in which the steam enters at the right-hand cone, water 

} e coc shown next, both enter the combining cone, and 
pass together across the overflow gap into the receiving- cone 

uPYards’ hftmg the back pressure valve, and along’ 

“ i C ” - ve^y piPe- lhe pnnciple on which this injector 
iJeppartSf k  that of the “flaP nozzle.” The combining cone 
% 1 be Spllt axiall.y> and hinged at the largest end • 

w en the stream of water is broken, as before, by jolts, etc/
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and the pressure between the point of the combining cone 
and the steam cone becomes too great for the steam to over- 
come, the flap opens and at once relieves the pressure; then 
the steam, passing along, creates a partial vacuum in the 
cone, and draws down the flap, making it practically a solid 
nozzle. The overflow has a pipe affixed to the flange shown. 
Generally two injectors are Htted to each engine, in which 
case one would be litted with a plain pipe to the overflow, 
and the other with a screw-down valve, so that when it is 
desired to warm the feed, the overflow can be closed, and the 
steam blown through the injector as before mentioned.

A third method is to have a series of passages or outlets 
in the combining cone, so arranged that when the injector is 
working properly the water passes by them, but when stopped 
suddenly the pressure relieves itself by escaping through the 
outlets to the overflow pipe.

Holes are drilled in other cases for a similar purpose, and 
their action is precisely as last explained.

D shows in horizontal section, a simple form of injector, 
very largely used; it has fixed nozzles, and is not of the re- 
starting type, so that if stopped by jerks it must be readjusted 
the same as the Giffard injector.

In designing injectors the cones are generally settled as 
to shape by actual trial, and the size of the smallest part ot 
the delivery cone setties the size of the injector, its diameter 
being measured in millimetres. The reason the first two 
cones are made diminishing' is because the pressure of the 
steam has to be converted into velocity; then, when the water 
has been carried across the overflow gap into the delivery 
cone, this velocity is no longer required, therefore the next 
cone is made expanding, transforming the speed back again 
into pressure. A large number of injectors are made with 
flap valves covering the overflow orifice to prevent air being 
drawn up by the action of the stream of water passing the 
overflow gap and being foræd into the boiler. A release cock 
is fixed above the first non-return valve, for letting out all 
condensed water that collects in the delivery pipe, and some- 
times, instead of this cock, an elbow is provided with a union 
for attaching a pipe to the cab, to be there fitted with a cock 
and flexible pipe for watering the coals, etc.

Exhaust injectors working by the aid of steam that other- 
wise would pass up the biast pipe, are largely adopted on 
some railways. For working these the biast pipe has a union 
fixed at or near its base, and a pipe is led away to the exhaust 
portion of the injector, where it meets the water and heats it 
up to a consiclerable temperature, and passes it along to the
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supplementary steam injector, which is specially designed, for 
dealing with hot water, and which delivers it into the boiler. 
In the case of Davies & Metcalfe’s injector, illustrated in Fig. 11, 
the steam is passed through a grease separator, which collects 
all oily impurities, water, &c., and allows the steam to pass 
along to the exhaust portion, where it meets the water; to assist 
the exhaust steam, a small jet of live steam is suppliedfrom the 
supplemental valve. As it is most important that there should 
be no air in the pipes between the biast pipe and injector, all 
joints must be carefully made to exclude it, and the overflow 
pipe is fitted with a flap valve; the reason for this care is that 
the exhaust steam passes along the pipe at so small a velocity 
that it can only induce a small amount of vacuum in the 
combining cone, and into this the water flows and condenses 
the steam, more steam then enters, this collects more water, 
and so the injector works. The combining cone is fitted with 
the flap nozzle, described earlier, for automatically reducing 
the pressure within, if it should become too great; a non- 
return valve is situated at the end of the exhaust injector, by 
which the heated water is passed at a temperature of about 
2oo° F., and a pressure of 70 Ibs. As this is insufficient to 
enable it to enter the boiler against the high pressure now 
common on locomotives, the supplementary portion, worked 
entirely by live steam, then takes it and delivers it to the 
boiler, and in doing so heats it up to about 270° F. Thus the 
economy claimed is that the feed water is heated and delivered 
to the boiler almost entirely by means of waste steam, and a 
large quantity of water is used twice over; further, as it is not 
necessary to decrease the exhaust outlet, the steam drawn off 
by the injector reduces back-pressure in the cylinders. A 
wing- valve is placed in the exhaust steam pipe, just before 
the injector, and a branch from the injector is provided for the 
attachment of a pipe from a small valve 011 the boiler, so that 
when the engine is standing or running with regulator closed, 
and there is no exhaust steam, the wing valve may be closed, 
and a small quantity of live steam admitted clirect from the 
boiler to do its work. The exhaust portion must be placed 
below the level of water in the tank, and the quantity admitted 
to the injector is regulated by sliding the water cone, so as to 
decrease or enlarge the space around it, this being done by a 
wheel with an index fixed in the cab of the engine.

The combustible most commonly employed on locomo­
tives is coal, although wood and petroleum are extensively 
used in various districts. Of coal, many varieties are used, 
the particular grade burned by a certain railway depending 
chiefly on its geographical position, although the working of
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some roads necessitates the adoption of a special class of coal 
as for instance the running of engines inside the suburban 
distncts of large cities, where a smokeless fuel is a desider- 
atum. Briquettes are largely used on Continental railways, 
and have been experimented with here. They are made up 
of coal dust mixed with pitch and other ingredients, and com- 
pressed into blocks. Welsh coal, being more liable to crumble 
and be broken during transportation than the harder varieties 
supplies a large percentage of the dust made up into briquettes’ 
Liquid fuel has been adopted to a large extent on some of our 
railways, and is the exclusive fuel in some countries, notably 
Southern Russia, South America, and the far East, where the 
supply of suitable oil fuel is practically unlimitgd. The English 
method, or Holden system, is to spray it into the firebox by 
means ofa steam jet, and intermix it with the air for combus- 
tion above a base of incandescent solid fuel or material laid 
over the firebars, whilst the Russian process is to similarly 
spray the oil fuel by steam into a brickwork furnace built in 
the firebox, the coal-burning arrangements having been 
entirely removed. In the English system steam can be readily 
raised with a wood and coal fire as usual, but with the Russian 
apparatus the oil burners must be started and worked from 
some independent source until steam is made in the boiler. 
Ihe first method has the advantage of heating the plates ot 

i e nrebox more gradually, which are consequently strained 
less than when an intense heat is maintained in a compara- 
tively cool firebox.

Before considering the principles of combustion involved 
m the firing of our locomotive boiler we must first ascertain 
the composition of the chief fuel. A good coal is made up of 
a large percentage of carbon, combined with hydrogen 
oxygen, and other gases and mineral ash. The quantities of 
these vary considerably in different grades, an almost endless 
vanety of qualities of coal being obtainable in different parts 
of the world, but a fair sample has the following- analysis :

Carbon 
Oxygen 
Hydrogen 
Nitrogen 
Sulphur 
Ash . .

7'2 i 

375 

0-41 

O'IO

2*2

io c t o o

The specific gravity is 1-3.

The carbon is most relied on to produce the heat in cow
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bination with oxygen, the hydrogen being most useful as more 
easily ignited ; these two, hydrogen and oxygen, will some- 
times combine in small quantities and form steam, especially 
at the first ignition of the coal. The nitrogen does not enter 
into the combustion of the coal, but escapes up the chimney 
in the form of nitrogen gas, the sulphur escaping as sulphur- 
ous acid, or sulphuretted hydrogen. The mineral ash is made 
up of various incombustible matters, principally sand and 
clay, and is the only really incombustible portion of the coal; 
it should not exceed 2 J per cent, of the total weight of coal in 
good samples. Cinders are partially burnt coke, and are still 

combustible at a high temperature and a sharp draft.
The air in the ordinary atmosphere consists of a mechan- 

ical mixture of approximately one-fifth of oxygen to four-iifths 

of nitrogen, with small quantities of carbonic acid gas, 
ammonia, and watery vapour. It is the oxygen alone that is 
required for purposes of combustion, and it is worth noting- 
that four-fifths of the air admitted to the fire is useless, it 
having to be heated to the temperature of the fire and then 

discharged from the chimney.
The products into which the combustible parts of the coal 

are converted in passing through the firebox and tubes of a 
boiler, are as follows:—first, steam, which is formed by the 
combination of the hydrogen from the coal with oxygen from 
the air in the proportion of 2 to 1 by weight, and is highly 
rarefied, invisible, and incombustible; second, carbonic acid, 
formed by carbon from the coal mixing with oxygen from the 
air in the proportion of 6 to 16 by weight, and is invisible and 
incombustible ; third, carbonic oxide, formed from that portion 
of the carbonic acid which, after it is formed in the fire, takes 
up a further portion of carbon from the burning' fuel on the 
bars, and changes its nature from a non-combustible to a 
combustible, this additional weight of carbon so taken up 
being exactly equal to the carbon in the carbonic acid, requires 
for its combustion the same quantity of oxygen as went to the 
formation of the acid, and it is invisible but combustible ; and 
fourth, smoke, which is made up of such portions of the hydro­
gen and carbon of the coal gas as have not been combined 
with oxygen, and so have not been transformed into either 
steam or carbonic acid ; this hydrogen, so escaping, is trans­
parent and invisible, but the carbon on being separated from 
it returns to its natural State of a black finely-divided. body, 
and then becomes visible and gives the colour to the smoke : 
it is only partly combustible. Ihe former two are the product 
of perfect, and the latter two of imperfect combustion, 

generally caused by an insufficient supply of air, which can
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is dropped i-ft., it will supply sufficient heat to raise the 
temperature of i-lb. of water i° F. Similarly, if the quantity 

of heat abstracted from i-lb. of water in lowering its temper­
ature i0 F. were properly applied it would raise a weight oi 

i-lb. 772-ft. high, or 772-lbs. i-ft. high.
In burning, i-lb. of carbon will, if properly consumed, yield 

14,500 units of heat, and it has then taken up two atoms ot 
cxygcii for each atom of itself, and formed carbonic acid ; . if, 
however, insufficient oxygen is present, it will combine with 
the oxygen, atom for atom, and form carbonic oxide, and only 
give up 4,400 units, and thus 10,100 heat units are lost from 
this cause alone, from which it will be understood how 
important the necessity for a sufficient air supply is, the 

oxygen of the air being as much a portion of the fuel burnt 

as the coal itself.
To chemically saturate the carbon contained in one pound 

of coal 12-1-Ibs. of atmospheric air are required, but under 
ordinary working conditions this quantity is quite insufficient, 
and a large production of carbonic oxide and heavy smoke 

would be the consequence, and it is therefore usual to arrange 
means by whicli a larger amount can be admitted, from one 
and a half to twice the above quantity is generally found to 

be necessary, depending’ upon circumstances; for instance, a 
much greater quantity of air is required to combine with the 

more volatile distillates from the coal when it is first put on 
to the fire, but the supply below the grate can be reduced as 
the carbon is thoroughly ignited, and more admitted above 

the fire through the firedoor.
It must not, however, be assumed from the foregomg that 

the quantity of air may be indefinitely increased, as tue evils 
of'a too large supply are as great as a too small one, foi this 
excess acts, not by interfering' with the perfect combustion o 
the carbon, none of which can escape under these altered 
conditions transformation into carbonic acid, but by lowering- 
the temperature of the firebox by the mixture of cold air, 

which, after being raised to a high temperature, is passed out 
of the chimney, robbing the boiler of heat that should have 
been employed in raising steam ; from this it will be seen 
that it is most necessary to regulate the supply of cold air to 
secure an exact combination of it and the volatile gases of tne 

coal for perfect combustion.
We will now refer to the illustration, Fig. 12, by which 

the application of the foregoing principles to a. locomotive 

boiler will be more easily followed. . .
The firehole is generally fitted with an air-deflecting- 

device for directing incoming air downwards on to the fire,.
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and the construction of this has already been mentionecl when 
dealing with firedoors. The best form appears to be the plate, 
bent to shape, and introduced independently of the door, as it 
can then be more easily removed and replaced than if it forms 

part of the door itself.
A firebrick arch is built up across the front portion of the 

box, just below the bottom tubes, and reaching over towards 
the firehole, is inclined at the same angle as the air deflector, 
and forms an arch across the box, hence its name. It is 
supported on a row of copper studs or in some cases an angle 
iron on either side of the box. Its object is to deflect the fire 
over towards the back of the firebox at the top, and so, by 
retarding the escape of the more volatile gases contained in 
the coal, ensure perfect combustion ; it also causes the heat to 
be more equally diffused over the whole of the inside of the 
box, and by preventing cold air passing over and striking the 
tubes reduces leakages there. Firebricks or firelumps are 
generally employed for building these arches. On many 
Continental and American engines a water bridge takes the 

place of the brick work.
The damper is opened to the extent fbund necessary for 

the admission of sufficient air for burning the required 
quantity of coal, whilst a further supply is admitted at the 
firehole door to complete the combustion. The latter should 
be as large as possible having due regard to the working of 

the eng'ine and the State of the fire.
The coal should never be thrown into the firebox in large 

lumps, but should be broken up to about the size of a man’s 
fist, and spread evenly over the grate, if anything the sides 
and corners should have most. Holes are to be avoided as 
they allow cold air to enter the box, cooling it, and causing 
leakages. The fire should not be too thick, as then a heavy 
biast is required to form proper combustion, nor too thin, 
admitting too much air, and “lifting ’ when the engine is 
running. The proper thickness, of course, depends upon the 
quality of the coal and the nature of the work to be done, and 
is best found by practice, but should not be more than g inches 
as a rule, and in many cases it may be much thinner. The 
bars must be kept clear from clinker, as this retards the 
passage of air through the fuel, and causes the great loss of 
heating effect mentioned above, when the carbon is only 
supplied with half its proper quantity of oxygen. A few flint 
stones thrown on the grate when the fire is thin will assist in 

the removal of clinker when formed.
Care should be taken to have a clear fire before an engine 

starts on a journey, so that it will not be necessary to introduce
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Se c t io n  II.—THE ENGINE.

H
AVING explained the construction and details of the 

boiler, and shown how the steam is generated, we 
take next in order the mechanism by means of which 

the energy of the steam is transformed into useful work; this, 
in the case of a locomotive, is the propulsion of itself and the 

load to which it is attached.
Primarily the engine consists of cylinders into which the 

steam is admitted, thereby moving the pistons, whose recipro- 
cating motion is transformed through the medium of the piston 
and connecting’ rods into a rotary one at the crank axle, pro- 
pelling the engine either backwards or forwards as required. 
There being usually two cylinders, there are correspondingly 
two cranks, to each of which one of the pistons is connected. 
These cranks are arranged at right an gies, so that when one 
is at the end of its stroke and doing no useful work, the other 

is working at its best advantage.
To actuate the valves, distributing the supply of steam to 

the cylinders, a “motion ’ is required which admits steam 
alternately to either side of the pistons, and allows . steam on 
the opposite side to discharge through the biast pipe to the 
atmosphere. Owing to the work that a locomotive has to do, 
it is absolutely necessary that the “motion” should be rever­
sible, to enable the engine to travel in either direction; the 

various descriptions of this will be detailed later.
The cylinders are the heart of the machine, and are usually 

fitted at the front of the engine, either between the frames, when 
the engine is called “inside cylindered,’ or on the outside of the 
frames, when it is known as “outside cylindered. ’ The first 
is most common in Britain, whilst the latter is larg'ely adopted 
on the Continent, and is universal in America. The advan- 
tages claimed for the cylinders between the frames, are, 
greater rigidity to the whole structure as they act as a frame 
stay, and the motion being transmitted between the frames, 
the engine is inclined to be steaclier, further the width over 
all may be less; the disadvantages are, the cranked axle and 
the difficulty of getting large cylinders in without cramping 
the steam chest. For the outside cylinders the great accessi- 

bility of all parts is an important argument.
The size of the cylinders depends on the work for which 

the engine is designed, and it will range from 8-in. diameter 
by 10-in. stroke to 20-in. diameter by 26-in. stroke ; almost 
every size between these are to be met with, as well as 
examples smaller and larger. The metal employed is cast
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irön of best selected close-grained quality, and as hard as can 
be worked. In the illustration, Fig 13, several views ofa pair 
of inside cylinders of common form are shown. They are 
suitable for all classes of engines requiring them not larger 
than 18-in. diameter. The steam chest is placed between the 
two cylinders, which has made it customary to cast them in 
two portions, to facilitate the machining of the ports; the two 
halves benig then accurately faced up and bolted together. 
Improvements in the machine tools employed have, however,. 
made it possible now to cast the cylinders of this design in 
one piece, thus obviating the necessity for a troublesome steam 
joint between them.

At A and B a pair of cylinders is shown, the channels 
by which the steam gets to the chest are best seen at A. It 
will be noted that the passage branches out and supplies 
steam to both ends of the steam chest simultaneously, this is 
most necessary on this type of cylinder as the valves and.their 
buckles take so much room ; if steam were only allowed to 
enter at one end the other port would be insufficiently supplied 
and give the engine a weak beat. The exhaust outlet is 
shown at the centre, and above it the biast pipe stands. At B 
the other cylinder is shown in sectional plan with the slide 
valve in mid-position, so that the shape of the ports and 
covers may be seen, with the valve; the face on which the 
slide works is raised about |-in. above the surrounding metal 
to allow for wear and, if necessary, refacing. The metal 
forming the cylinder barrel is made thick enough to allow of 
more than one re-boring, as wear takes place unequally, the 
barrel being worn more opposite the ports, especially at the 
front end, and then allowing steam to pass the piston when 
the engine is commencing its stroke. At either end the 
bore is enlarged or recessed so that the piston wears no 
shoulder at the finishing points of its stroke. The covers are 
made to follow the contour of the piston, so that too much 
steam shall not be imprisoned there. The distance between 
the cover and the piston is termed the “clearance,” and is 
usually f-in. at the front end and J-in. at the back end ; this 
allows for wear and tear and the expansion of the piston rod. 
The metal employed for the front cover is usually cast iron, 
but steel both cast and stamped is sometimes used. The back 
cover containing the stuffing box is always cast iron. The 
faces for the cover joints are carefully scraped up true and 
then made tight with thin red lead and boiled oil. In 
tightening the joint the nuts should not be screwecl full up 
on one side before some pressure is applied opposite or the 
joint will not be tightened up all round.

5
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Large ports are to be recommended, as the steam will 
not then be wiredrawn in entering, or choked in leaving the 
cylinders and a free running engine will be secured. The 
valve never completely opens the port to the admission of 
steam, but allows the exhaust, after the piston has done its 
stroke, the full area to escape and thus reduce back-pressure.

At C one cylinder is represented detached from its fellow, 
and the ports are plainly seen. The valve is not shown, but 
the steam entrances will be noticed at the top on either side 
of the exhaust outlet.

D is a front elevation of one cylinder and half the steam 
chest, showing one method of making the joint of the two 
covers where they intersect each other; another is to divide 
the covers in a straight line, so that half the holes through 
which some of the studs pass may be in each cover, one nut 
then holds both to the face; this, however, requires the two 
covers to be of exactly the same thickness, otherwise there 
will be a tendency for one to blow and even the flange to break 
off the thickest cover.

E is a back end elevation, showing the giands and stuffing 
boxes for the piston rod and valve spindle, and also the place 
for attachment of the slide bar. The ledges shown on the top 
of the casting at each end are where the front tube-plate of 
the boiler and front smokebox plate take their bearings, these 
being bolted to the casting to form a joint. Round the barrel 
of the cylinder, ribs are cast for strength, and the whole is 
attached to the frames by bolts, as shown on A.

When the diameter of the cylinders is more than 18-in. it 
is a common expedient to place the valves and steam chest 
above or below the cylinders, whilst some designers have 
placed them on the outside of the frames. The best, perhaps, 
is to have them below, as then they are better drained of all 
condensed water, and further, the valves drop from the faces 
when steam is shut off whilst running and thus reduce wear.

Drain cocks are fitted at either end of each cylinder and 
on the steam chest, controlled by rods from the cab, so that 
the driver may open them to allow water to escape, they are 
screwed into the bosses shown on the sketches at B, D and E. 
The nozzles of these cocks usually turn toward the front of the 

'engine and upwarcl, so that issuing steam and water shall not 
,-strike the ballast and throw it up into the motion.

I'ig- gives views of one of a pair of outside cylinders 
having their steam chests placed between the frames for the 
valves to be operated by direct valve gear without the inter­
vention of rocking shafts. With cylinders of this type it 
is customary to form on the casting a face and projection,
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which is machined up to exactly fit the hole provided in the 
main frame. An accurate fit is necessary to prevent any 
movement of the cylinders in the frame plate, the effect of 
which would be disastrous to the successful running of the 
engine; substantial cross-stays are requisite for outside 
cylindered engines owing to the great distance between the 
centres of the cylinders, often 6-ft. 3-in. After the cylinder 
castings are set in their places the holes through the flanges 
and frame plates are reamered out, and bolts, turned a tight 
clriving fit are put in and screwed up. A gives a cross 
section through the centre and shows the exhaust passage 
which terminates in a flanged joint above the cylinder barrel, 
to this flange one leg of the base of the biast pipe is con- 
nected. B is a sectional plan showing the piston and piston 
rod in position, as well as the valve and steam ports. A tail 
rod prolongation of the piston rod is shown provided with a 
covering tube attached to the front of the stuffing box cover. 
Metallic packing of the “Earl” type is shown here for all 
the rods. C is a view of the steam chest with cover and 
valve removed exposing the ports; the outline of the casting 
will be readily followed from this sketch as will also the 
position of the retaining bolts. D is the front cylinder cover 
whilst E is the back one which in the case of outside 
cylinders is usually made separate from the main casting. 
The cylinder in this case is shown lagged with slieet metal 
having an intervening air space, but in many cases a cover­
ing of wood or asbestos is put on before the cleacling plates 
are wrappecl round. The front end is also usually finished 
with a plate filling the inner edge of the flange of the cover. 
lt is customary in some cases to entirely case the flanges 
over with dished metal covering caps which impart a very neat 
appearance to the engine, these caps being held in position 
by a central nut or the lubricator if such is provided for the 
cylinders. When the outer cleading is fashioned with a curve 
to meet the smokebox, it is advisable to place a footstep 
about midway for the use of the enginemen when passing 
round the engine.

The pistons are usually made of cast iron, wrouglit iron 
or cast steel, brass being occasionally used. The shape is 
necessarily determined by the size of the cylinders and the 
metal employed. For all sizes up to 17 inches, cast iron is 
most common; for larger, steel or wrought iron are now 
largely adopted, on account of their g-reater strength, which 
enables the weight of the head to be materially decreased, this 
reduction in the weight of the reciprocating parts being a very 
important consideration, especially on engines designed for
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high speed. Ihey are mad© with a thicksned. boss, through 
which the end of the piston rod passes, the hole being usually 
tapered and recessed slightly at the largest end for the 
reception of a shoulder turned on the rod; the taper . is 
generally about i in 8, the rod being sometimes ground in, 
but generally siæply turned to the same tapsr as the hole, a 
good fit with from to | of an inch “ draw,” and it is then 
pulled home to the shoulder by means of a nut placed on the 
screwed end of the rod, the nut is often octagonal to occupy 
less space. Wlien. the nut is fa.st, a, hole is drillsd tliroug^h it 
and the rod for the reception of a rivet or taper pin, the ends 
of which are hammered into countersinks, preventing the nut 
from slacking loose in working-. Instead of the rivetted pin, 
the end of the rod may be rivetted over to secure the nut; 
in either case it is generally necessary to split the nut for 
removal. The rim of the piston is widsned. and turned up 
to A inch less in diameter than the cylinder, and has a recess 
or recesses turned in it for the reception of one or more rings, 
one being- used for small pistons, and two or three for larger 
ones. A, Fig. 14, shows a piston used for cylinders from 17 
to i8| inches in diameter. It is made of cast iron, but if Steel 
were used the disc might be made thinner. It is turned to 
take two rings. B is one intended for three rings, and may 
be in either of the above metals. C is a piston for mueh 
smaller cylinders, and has one ring only. The advantages of 
having more than one ring are—less liability of the steam 
passing, and greater flexibility, as one ring- being- necessarily 
stiffer, has a mueh greater tendency to cut the cylinder.

The rings can be made in cast-iron, Steel or brass, the 
first being the metal by far the most commonly employed. A 
barrel of the necessary diameter, and about one foot long- is 
cast, and then turned to ^-in. larger in diameter than the 
cylinders which the rings are to fit, and the pieces wide enough 
to form rings are turned off with a parting tool; two holes 
are drilled at a distance of about i^~in. apart, and the piece 
between them removed. The rings can then be sprung- into 
the cylinder a good fit, they are kept from turning on the 
piston by pins screwed into it, but these are not exaetly in 
the same place for both rings, so that should steam pass one 
ring it is not likely to get by the next; the ends, too, are also 
kept away from the ports in which they might catch. When 
Steel or brass is used it is often made in bars of the required 
section, and the rings are bent to shape, the joints being 
simply cut across diagonally and butted together. The first- 
named metal is used for very hard cylinders, and the latter 
for soft ones.
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Many elaborate patterns of pistons and rings are in use 
in America, with springs to keep the rings tight in the cylin­
ders, but the Ramsbottom rings above described are universal 
in Britain, for in addition to being equally efficacious they are 
very much simpler in construction and cheaper to maintain.

” The piston rods are made of Steel or wrought iron, and 
are from to 3| inches in diameter. One for engines with 
17-in. cylinders and larger is shown at D. It has a taper 
shoulder and thread at one end, and a taper at the other 
on a portion of larger diameter than the rod, so that the 
cotter hole may not weaken it there. The joint at the front 
end, attaching it to the piston, has already been described, 
at the other end the crosshead embraces it, and the rod 
is ground in until it is within of an inch of being “home, 
the cotter being then driven in to do the rest. The taper at 
this end is about 1 in 16. Sometimes the end of the rod is 
swelled out to form the crosshead. On small engines the ends 
of the rod are simply turned down to the required taper, and 
no shoulder formed, but for larger engines the weaker portions 

are generally thickened up.
The rods are passed through a stuffing box at the back 

end of the cylinders, and many means have been devised for 
allowing them to work through freely without permitting 
steam to pass. On the cylinder drawing, Fig. 13, a simple 
stuffing box is shown, having a solid neck ring and giand. This 
design could only be used for engines which have the piston 
rods with the crosshead end of the same or less diameter than 
the rod, as a large end could not pass through the holes in 
giand and neck ring. Fig. 13a shows a tail rod for the piston.

At E, Fig. 14, anotlier pattern which has been largely 
adopted for rods with large ends is shown in section. . Ihe 
neck ring is split along the dotted line, and half put on either 
side of the rod, and the two pushed home, holes being 
frequently drilled and tapped in the front of each to receive 
the ends of a wire for use when it is necessary to draw them. 
The giand is bored out large enough to take a bush, also in 
halves, put on the rod as befbre, then pushed into the giand, 
and held by the set screw shown in the front view. Packing, 
consisting of hemp or some preparation of asbestos, is put in 
and compressed by the giand being fbrced home by nuts on 
the studs, lock nuts being used to prevent the first nuts from 
slacking back. The neck ring and giand bush are usually 01 
gun metal, the giand, however, may be either of cast or 
wrought iron. This design of stuffing box has been until 
very recent years the general practice here, but now metallic 
packing is being largely adopted, the great advantages of
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which are increased freedom for the rod, saving in wear of 
glancis, and reduction of labour in packing, whilst extra first 
cost is its only drawback.

At F, a pattern called the “United Kingdom Metallic 
Packing ” is shown in section. The stuffing box is bored out, 
and a ring of brass inserted, having a flat face to bear on the 
bottom of the hole, and a curved face on which the next por­
tion of the packing bears. At the outer end of the stuffing 
box, a cover, instead of a giand, is required, bored out and 
having a curved face similar to that on the neck ring. These 
two curves each form portions ot two concentric spheres, so 
that the rod with its packing’ on it has free movement in any 
direction without difficulty. The packing itself consists of two 
cases of brass bearing at the outer ends of each one, on the 
curved surfaces before mentioned, and being hollowed out to 
receive each three or more white metal rings, and a seating 
for the ends of a flat Steel helical spring-, which, being- com- 
pressed when the joint is first made, presses the two inner 
brass seatings outwards, and forces the white metal rings 
down to the rod by means of angular faces provided. When 
the joint leaks it can be repacked by taking off the cover, and 
inserting another ring of white metal. The front joint is made 
steam-tight against the stuffing box with a ring of sheet 
asbestos or a piece of round soft copper wire.

At G-, the “ United States Metallic Packing” is drawn in 
section. It consists of a cover fastened to the front of the 
stuffing box, somewhat similar in shape to the previous 
example, with a ring of brass inside bearing against a spher- 
ical surface upon it. This ring has a flat side, on which bears 
a cast iron ring containing a conical cavity on its inside, into 
this white metal rings are inserted. These are cut into several 
pieces or sections, and a, solid bra.ss ring" is forcød a,g"ainst them 
by a spring, which at its other end rests against the base 
of the stuffing box to press them into the cone, close them 
on the rod, and form a steam-tight joint ; the steam also 
assists the spring in pressing the rings into the cone. By 
means of the ball joint just mentioned, and the flat surface on 
the opposite end of the first brass ring, the rod has freedom to 
move in case it should by any means get out of line.

A third form of metallic packing is shown at H, and 
is known as the “Jerome.” It has a similar stuffing box 
and cover to the previous examples, with a neck ring to act 
as a bearing surface for a spring, which, pressing on a collar, 
forces several white metal rings into a recessed bush, fitting 
closely to the piston rod at its outer end. The action of the 
spring here is precisely similar to those already explained.
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I here are numerous other methods of packing piston rods, 
but the principles involved are generally as already described.

The valve spindles have stuffing- box.es which may be the 
same as those for the piston rods,, but generally with metallic 
packing they are simplified by leaving out the arrangements 
introduced for securing flexibility, not being so likely to get 

•out of truth.
With large cylinders the piston rods are often carried 

through the front cover, the tail rod thus formed being intended 

to assist in carrying the weight of the piston and save wear 
of the bottom of the cylinder. Valve spindles are treated in a 
similar manner, and an advantage may be claimed for this 
practice that it is possible to fix the valve centrally over the 
ports by means of the giands if by chance the back spinclle 

gets broken inside the steam chest.
Of the frames proper we shall deal later, when describing 

the carrying gear of the locomotive. The motion or 
“spectacle” plate extends across between the frames  of 
engines with inside cylinders at a point about 4 feet behind 
them, forming a transverse stay and a means of attachment 
for the slide bars and various parts of the motion. It may be 
built up of plate, strengthened with angles, or, as is more 
usual in new engines, cast in Steel with suitable lugs on it for 

fixing the slide bars, etc., to.
The slide bars are intended to keep the movement of the 

piston rod in a straight line, as the crosshead is fixed to the 
end of the piston rod to which the small end of the connecting 
rod is attached, and which would be continually forced up- 
wards when the engine was working forwards, or downwards 
when the engine was reversed; this, if permitted, would be 
fatal to the piston rods. There may be either one, two, three 
or four of these slide bars to each crosshead, according to the 
fancy of the designer. When one is used it is usually made 
in wrought iron, about 3-in. thick by 6-in. wide for 18-in. 
cylinders, case-hardened and afterwards ground to shape, or 
it may be of Steel; it is fixed above the piston rod, and the 
crosshead encloses it. When two are provided, one is placed 
above and one below the piston rod, and the crosshead works 
between them ; they may be in either of above metals or of 
cast iron. Three are used on some engines doing most of 

their work in one direction; the top bar is of cast iron made 
wide to allow a good surface for the slide, and the two lower 
ones—one on each side—support the crosshead when the en­
gine is running’ backwards. Four bars are arranged, two above 
and two below, and the crosshead works between a slide block 
on either side running- between two bars ; any of above metals
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Fig . 15.—Cr o s s h e a d s .
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may be used for these, but case-ha Mened wrought iron is 
most common. It is usual to fit these guides up to the cross­
head and piston, and have liners, of grmmetal, between them 
and the lugs on the cylinders and motion plate, so as to 
enable the distance between them to be adjusted when wear 
takes place. This, of course, can only be done when two or 
four bars are used; with single bars the crosshead has to be 
either white metalled or let together when slack, so as to fit 
the slide bar.

At A, Fisf. 15, one form of crosshead, suitable for single 
bar engines, is shown in elevation. It is of cast Steel, but a 
somewhat similar design may be frequently met with in 
cast or wrought iron. The socket for the reception of 
the piston rod end is on the left, the rod being ground in 
and held by the cotter shown. The taper of the rod end 
is generally 1 in 16, and of the cotter 1 in 32 ; the latter is 
of steel -|-in. thick, rounded on both edges and kept from 
slacking back by means of a split pin or cotter passed 
through the end just below the crosshead ; it is set at an 
angle so as to be more accessible when it is found neces- 
sary to remove it with the crosshead in position. The cover 
and bottom wearing plates are of cast iron, well supplied with 
oil grooves, and often having white metal let into holes on 
their surfaces. At the sides, pieces of gunmetal are inserted 
for wearing strips, which are easily replaced when worn. 
Cheeks are carried down on either side to take the ends of the 
gudgeon pin, on which the small end works. Ihe shape ot 
this pin can be best seen in the cross section at B. It is 
coned where it passes through the cheeks so as to be always 
tight, and it is held in place by means of a nut on the thread 
at the smaller end, a split pin preventing this from slacking ; 
the centre where the small end works is parallel. 1 his pin is 
usually of wrought iron, case-hardened, and is lubricated from 
a cup fixed to the side of the crosshead. The small end is 
usually of the “ solid eye ” type for this form of crosshead.

Ät C and D another design is shown, benig one suitable 
for engines fitted with two slide bars. The centre portion is 
of steel, having four lugs upon it, and a tapered hole through 
which the end of the piston rod passes ; this part can be entirely 
finished in the lathe. The piston rod end is tapered and 
secured by means of a nut, check nut, and split pin. The top 
and bottom lugs are for the attachment of the slide blocks or 
slippers, which are of cast iron, and have holes recessed in 
them for the lugs, no further means of securing them being 
adopted. The side lugs are for taking the small end of the 
connecting rod, which is of the “forked type. Caps of gun-
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metal are fitted on the lugs, as seen in section at D. These 
are held in position and prevented from turning by means of 
pins or cotters passing through them and the lugs; thus all 
the wear takes place on the caps, which are easily renewed 
when worn out.

Ihe crossheads for two slide bars may be met with in 
greater variety than perhaps any other form ; in some 
examples they are opened out, and the rod end works between, 
a gudgeon pin similar to that at B being employed. Another 
type is made solid with the piston rod, the crosshead and the 
small end being “forked,’ with a gudgeon pin; the taper is 
thep in the rod, and the wear takes place in the crosshead, 
which is bushed for the purpose. In America two bars being 
largely used this crosshead is employed, being- known as the 
“alligator” type, and on express engines the upper face is 
orten made longer than the lower, it being worn most by the 
engine running chiefly forward; it is made of cast Steel, 
having wearing plates fitted above and below for renewai 
when worn.

At E and F another form of crosshead is shown, it is of a 
type used for four slide bars, and consists of a socket which has 
also two cheeks continued back, and a gudgeon pin passing- 
through them. Between these the small end of the connecting 
rod takes its bearing-, whilst on the ends which are reduced 
somewhat in diameter and project about 3-in., the slide blocks 
are placed; the pin is prevented from turning- by having" a key 
or set pin inserted. The socket and pin are generally ot 
wrought iron case-hardened, the slide blocks are of cast iron, 
hollow if large, and often provided with holes filled with white 
metal upon the sliding surfaces. With this form of crosshead 
it is necessary.to have a small end with half brasses and a 
strap, as the pin cannot be drawn out to accommodate a solid 
eye, although some engines have provision for this, by having 
a long pin with a head and thread at its opposite end; this 
can be passed through the two blocks and secured with a nut, 
the pin being prevented from revolving as before, by a key or 
feather. 1

In any of these forms large bearing surfaces are an advan- 
tage, but it must always be borne in mind that heavy 
crossheads, being reciprocating parts, are difficult to balance, 
therefore they should be as light as possible, consistent with 
strength, and all wearing surfaces should be bushed, or pro­
vided with wearing strips, as it is then much easier, as well 
as cheaper, to renew them; case-hardened wrought iron is 
perhaps the best metal, the wearing surfaces being ground up 
after the hardening operation has been performed, which is
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liable to slightly distort the metal. The slides should be 

amply lubricated to ensure easy working, and also to keep 

them free from dust and grit, which is very liable to get upon 

the bars whilst the engine is running.
A crosshead used for the Vauclain compound has tour 

slide bars, the high and low pressure cylinders being arranged 

one above the other with a separate piston and piston rod tor 

each. These are connected at their outer ends to a common 
crosshead which has two sockets to receive them, one above 

the bars and one below. The bars are arranged similar y to 
those shown at F, with the centre of the crosshead swelled out 
and sliding between them. This is cast in one piece of Steel, 
and the wearing surfaces are covered with block tin inch 

thick. Other American forms resemble that at A, excepting 
that the wearing strips or “gibs” are provided at top and 

bottom with means by which they can be set out to take up 

wear. . 1 . . . , .
The connecting-rods are the mediums through which tne 

reciprocating motion of the crossheads is converted into rotary 
motion at the cranks, and consequently the wheels; at one 
end they work upon the gudgeon pins of the crossheads, which 
have been already described, and at the other on the crank 

pins. Various designs and shapes for the ends are m vogue, 
experience having taught that the end of the rod nearest tie 
crank is the most liable to breakage when working, and 
therefore this end is always made the stronger, and being the 
larger of the two it is known as the “big end,” whilst the 
other, or crosshead end, is called the “small end.” It has 
also been found that welds are unsafe, it not being always 
certain to make a good job of such a large weld, accorcling y 
rods now, when of wrought iron, are always forgecl from one 
“bioom,” welding being entirely eliminated. Cast Steel is 
largely employed for connecting rods, but whichever metal is 
used, great care is taken in examination, to prevent defective 

rods being put under an engine, as it is most important tnat 
none but the best metal and workmanship be allowed in these 
important members of a locomotive, the breakage of which is 

liable to be one of the most disastrous failures that can occur 
to an engine when running. Ihe section is generally rec- 
tangular with the' corners well rounded off, but. some small 
engines have them round, and when cast steel is used they 

are often made fluted, or of H section, this giving the greatest 
strength for the area of metal employed, and also allows tor 
some reduction in mass, and consequent lessening’ o te 
reciprocating weight. Ihe area of the cross sc^ction o meta 
at the centre of the connecting-rod is by empirical rule, made
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Fig . 16.—Co n n e c t in g  Ro d  En d s .
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from ri to 1-3 times the area of the piston rod, andthe length 
of the rod, between the centres of pins at either end, should be 
from 2^- to 3 times the stroke of the engine, although small 
engines often liave them shorter than this ; the longer the rod, 

however, the smoother the engine will run.
Fig. 16 shows several forms of rod ends. At A a rod 

having a “ strapped” big end and “solid eyed” small end is 
shown. The jaws of the strap fit over the two half brasses, and 
on to the end of the rod, being held by two tapering bolts, fitting 
accurately into holes, and secured by two nuts with a small 

cotter below; the two brasses encircle the crank pin, and are 
held together to the necessary tightness by a long, flat, 
tapering cotter, a push plate being inserted between the cotter 
and front brass; the cotter is prevented from slacking by 
means of two set bolts in the strap above and below the rod 
end, and a small cotter through its lower end. I he oil cup is 

forged solid with the strap, and machined to proper shape; 
the brasses each have two hollows into which melted L>abbit 
metal is pourecl, so as to reduce friction. The rod end has a 
large hole cut through it to reduce the weight. The small 
end is a part of the rod proper, and is bored out and fitted 
with a bush, which is prevented from turning by the insertion 
of a key. An oil hole and hollow are provided on the upper 
side to admit oil fed from a cup on the side of the crosshead. 
The rod, strap and bolts are of the best Yorkshire iron, and 
are machined all over. The cotter, push-plate, and small 
end bush key are of Steel, the “ brasses and small end bush 

being of gun metal.
At B another small end, also solid eyed, but provided 

with means for adjusting and neutralising wear, is shown. 
It has two brasses and a wedge, which can be raised or lowered, 
this being done by means of a screwed bolt having a hexagonal 
head below, and which is prevented from turning, when set, 
by a locking plate placed over it, and held up by a split pin. 
The screw is held by a pin passin g through the rod end, and 
engaging in a groove in the screw. It is, however, doubtful 
whether any corresponding advantage is gained for the extra 
expense incurred in fitting up this adjusting gear, as the solid 
bush is much cheaper, and can be easily renewed when wear 

takes place.
The rod shown at C also has a strapped big end, but the 

means employed for holding it to the rod are different: instead 
of the two bolts one cotter is used, and the rod end formed 
with recesses, under which the ends of the strap are held ; the 
two brasses, as before, are retained by a long cotter, checked 
by two set screws, and a small key below, and instead of the



80 Th e En g in e  : Connecting Rod Ends.<_>

push-plate a gib is employed. The oil cup is forged and fitted. 
with a spring button and a pin, instead of worsted trimmings. 
The small end is of the forked type and each branch is fitted 
with a strap, which contains a hole in which the gudgeon pin 
works, these straps being held by cotters and gibs. No 
bushes are inserted in the holes, as this rod is used in com- 
bination with the crosshead shown at C and D, Fig. 15, where 
wearing caps are employed, which can be renewed when worn. 
The rod and cotters are of Steel, the small ends of wrought 
iron. The set screws are of Steel in all the above examples.

D shows a pattern known as the “ marine” big end, from 
its similarity in shape to those usually employed on steam- 
ships. The rod end is swelled out to take two bolts, one 
above and one below the crank pin; these pass through a 
cap, forming the rod end. The bush is circular outside and 
in two halves, being prevented from turning by the two bolts 
just mentioned, which partially intersect it. Holes are pro- 
vided in the bearing, into which Babbitt metal is run, as 
shown. The bolts are of large diameter for strength, and 
holes are drillet! up the centre of the plain part to reduce the 
strength there to that of the screwed portion. The oil cup is 
solid on the cap, and as the top bolt prevents an oil hole from 
passing direct to the bearing, two holes are made passing 
round the bolt. The small end is of the strapped type, and 
has one bolt and adjusting cotter; two bolts are often provided 
with this form of small end. The rod itself is circular in 
section.

Another small end with adjustable wedge is shown at E. 
The brasses are in halves, and a block of Steel bears upon the 
back half, this being in turn held by a wedge placed hori- 
zontally and drawn to necessary tightness by a screwed portion 
passing through a washer and having nuts upon it. As will 
be seen from the sketch, a safety catch is provided to prevent 
the wedge falling' out, should the locking device fail. Serious 
damage to the engine might ensue if this wedge were lost, for 
if the piston was travelling towards the back cylinder cover, 
either it or the piston would certainly be broken.

At F other methods of making the two ends are shown, 
suitable for’outside cylindereel engines. It will be seen that 
the bearing is not nearly as large in diameter as in the previous 
examples, as, the crank pins being outside the wheels, it has 
only to tran smit the necessary turning power to them; whereas 
in inside cylindered engines the crank pin forms part of the 
axle, and in addition to the propelling has to take its share in 
supporting the weight of the engine. \This example has a 
forked “big end,” open at the end, and fitted with a block
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held by a tightly-fitting taper bolt locked by two nuts and a 
small key below. The brasses, in two halves as before, are 
held together by a long taper rotter and push-plate, Babbitt 
metal being- provided as in the previous examples. The oil 
cup is forged on solid. The small end is of the solid eye type 
fitted with gun metal bush, which is turned to a taper, and 

pressed tightly into place, no key being used.
A forked small end is shown at G, which differs from that 

at C in having a gudgeon pin forming part of the small 
end, instead of part of the crosshead as is usual. It fits into 
a taper in each cheek of the rod end, and is prevented from 
revolving by a small key with a projection on it fitting into a 
hole in the pin to prevent the key from working out. The 
other end of it is provided with a thread for a nut, and hole 
for a small split pin. The crosshead in this case is bushed. 
with softer metal than this pin, to be easily renewed when 

worn.
Interesting modifications of all the above-mentioned types 

may be met with, as well as a large number of different con- 
struction, the majority, however, have no means of taking- up 
the wear of the small end, it being consiclered unnecessary, 
although nearly all provide facilities for adjustment at the big 
end, as a bad knock there is very detrimental to the life of the 
engine. All the long cotters provided for taking up wear 
should have a recess cut in the sides where the set screws 
press, about of an inch deep ; this is usually cut by a slot 
drilling machine and prevents “burring” by the set screws.

The admission of steam to the cylinders on either side of 
the piston and the discharge of the exhaust steam from the 
opposite end is controlled by means of a slide valve moving 
over the face of ports in the steam chest, alternately opening 
and closing them to steam or exhaust.

At A, Fig. 17, is shown an ordinary slide valve in section 
and plan. It consists of a rectangular casting, either in hard 
gunmetal or iron, with a cavity under a raised central portion 
and flanges on either side to cover the ports against steam as 
it passes backwards and forwards over them. Bridges or ribs 
are cast across the cavity of the valve, both inside and out, to 
strengthen it, and sometimes holes are drilled in the back of 
the flanges down to a depth equal to the scrapping thickness 
of the valve, so that when steam blows through, the driver is 
warned by the sound that the flanges are thin, and the valves 

require renewing-.
The valve is encircled by a buckle formed in one with the 

valve spindle; this latter passes through a stuffing box, and 
has means by which it can be attachecl to the moving power 

6
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Fig . 17.—Sl id e a n d  Pis t o n  Va l v e s .
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or “ motion,” usually by a taper end fitting into a socket, and 
held by a cotter passed through.

At B a buckle suitable for engines with valve chest 
between the cylinders is shown; if the chest were either above 
or below, the spindles or shanks could be made straight, but 
when between, the giands have to be pitched wider than the 
distance between the valves to get the stuffing boxes in, hence 
the necessity for setting the spindle as shown. When the 
valves are placed below they drop away from the faces when 
steam is shut off, and so wear is reduced ; but, to prevent them 
from falling too far away, and possibly allowing’ a layer of 
steam to get between them and the face, or when worn thin 
from being lifted up so sharply as to break them, small coiled 
springs are inserted into sockets in the buckle to hold the 
valve more or less near the face.

As the steam exerts its pressure upon the back of the 
whole valve it presses it upon the face with considerable force 
and causes it to require a large percentage of the power of the 
engine to move it, and various contrivances have been 
employed with a view of remedying this. At C a device 
known as the “Trick” or “Allan” valve is shown; it has 
the flange and cavity as before, but in addition a channel 
passes round above the cavity from one face to the other, 
so that the valve has to travel a smaller distance for the 
same port opening, as the edge of the flange opens the 
port a little, and at the same time the channel opens at the 
reverse end beyond the face, and steam enters and passes 
over into the port opened. This device does not lessen the 
pressure upon the valve, but reduces the travel and conse- 
quently the total friction to be overcome.

At D a section through a typical American steam chest 
is shown, the valve in this case being balanced upon the 
“ Richardson ” system : four strips are let into four planed 
grooves on the back of the valve, and projecting upwards 
bear upon a planed plate held so as to be parallel to the valve 
face, the strips being pressed up by means of springs ; the 
area enclosed is under exhaust pressure only, as a hole 
through the crown of the valve places the back in free com- 
munication with the biast pipe; from this it will be seen that 
even should the strips leak it is not possible for pressure to 
accumulate at the back of the valve. At E is shown a plan 
of the valve, showing the strips and method of making the 
corner joints, this being to a slightly larger scale than the 
sectional arrangement. Continuous bands, both rectangular 
and circular, have also been used for balancing, but the four 
independent strips seem to answer best, as they can adapt
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themselves to any slight irregularity better than more rigid 
rjieans can. This device is peculiarly suitable for American 
engines, where outside cylinders with steam chests above are 
invariably used, but it would be difficult if not absolutely 
impossible to fit it to our engines with steam chests between 
the cylinders, though it could be used on those engines having 
their steam chests above or below.

As an engine, when running with steam shut off, and the 
motion left in gear—that is fore gear running forward and 
back gear when moving backwards—has a continual tendency 
to withdraw air from the steam chest and discharge it up the 
chimney at each stroke of the piston, thus forming a partial 
vacuum within the steam chest, with a retarding effect on the 
engine, a small relief valve is fitted to the chest, as will be 
seen at the left hand of D, where a circular vertical valve 
takes its seat upon a bush, and whilst its under side is in free 
communication with the atmosphere its upper side is acted 
upon by the pressure within the steam chest, so that when the 
pressure above is less than that below the valve lifts and air 
can enter and destroy the partial vacuum.

Another remedy for the excessive friction referred to, and 
one applicable to the class of engines precluded from the use 
of the Richardson and similar balanced slides, is found in the 

employment of piston valves. A successful and favourite 
form of these for locomotives is shown at F, and is known as 
Smith’s patent. It has no large surfaces exposed to steam 
pressure, and consequently no great power is required to move 
it. The ports are made with a cylindrical face, and a bush is 
inserted, having holes through it opposite the port, and being 
bridged over at intervals, as otherwise the rings would be 
likely to catch in it and cause damage. A stuffing box is 
provided at each end to ensure the piston working fair. The 
rod or spindle has a collar forged upon it, and against this a 
cap of cast Steel with three radial grooves is threaded, and is 
prevented from altering its position by a key let into the rod; 
then the piston ring itself, in three pieces, is placed on, each 
of the three pieces having a radial feather projecting inward, 
and engaging into the grooves of the cap. The ring is made 
of hard gunmetal in one bush, and turned to size and shape, 
then cut across into three pieces, the joints being kept by 
means of the grooves and feathers against blank places in the 
bush, so that no steam may escape through them into the 
ports. Next a ring of softer metal is placed in position, and 
effectually covers the side of the cuts, preventing steam from 
passing into the exhaust chamber. This ring is split, the 
joint in it being made by a feather half in each side of the
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cut, and it is kept from turning by means of a set screw in the 
cast iron distance socket, which is placed upon the spindle 
next; then a wrought iron liner, of the required thickness to 
keep the pistons the right distance apart, is put on ; then 
another distance socket, the soft metal ring; then the gun 
metal ring in three segments, and another Steel cap, the whole 
being held by a nut screwed on to the spindle and tightened 
up to the steel cap. It will be seen that the three segments 
are held to the valve face by the steam pressure, which acts 
inside exactly as in the ordinary flat valves, but here the sur- 
faces exposed to pressure are much smaller in comparison. 
Another great advantage of the Smith valve, is its provision 
for the escape of any water which may accumulate in the 
cylinders. When an engine is fitted with ordinary slide valves, 
and trapped water has collected in such a quantity as to more 
than fill the clearance spaces, it can force the valve from the 
face, and escape into the steam chest; to do this however 
the pressure must be very great when the regulator is open, as 
the area of the port under water pressure, tending to force the 
valve off the face is small compared with the area of the back, 
upon which the steam exerts pressure. If ordinary piston 
valves are employed with solid rings, similar to those used in 
the cylinder, trapped water would be absolutely prevented 
from leaving the cylinders, and as water is incompressible, 
damage would be almost certain to ensue, but with the valve 
under consideration the three segments are always free to 
leave the face and fali inwards, and when the pressure outside 
overcomes that upon an equal area inside they collapse and 
allow water to escape; thus, this piston valve performs two 
separate and important functions—reducing the power required 
to move it, and also acting as a release valve for water 

trapped in the cylinders.
It has been estimated that the resistance due to friction is 

one-ninth that of the ordinary slide valve, and this has to 
some extent been verified in practice by noting the relative 
wear of the two forms of valve. This reduction of friction 
prevents heating of eccentric straps, etc., and minimises the 
risk of failure of working parts of a locomotive valve gear. In 
the event of breakage of a cylinder cover or connecting rod, 
the valve on the disabled side of the engine may be fixed in 
mid-position as usual, and the engine brought home with the 
remaining cylinder. There is no fear of broken segments of 
the valve entering the ports, as all broken portions are held 
in place, whereas with an ordinary slide valve, when broken, 
damage is often caused by fragments getting through to the 

cylinders.
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At G is shown a cross section of the valve where the 
radial feathers upon the rings and the sockets of the cap may 
be plainly seen.

It now becomes necessary to explain a few terms used 
when speaking of slide valve motions. The lap or over-lap is 
the amount that the valve projects over and beyond the port 
opening when the valve is in its central position. It is shown 
in black at H to be more easily recognised. It is provided to 
give a varying point of cut-off, so that the expansion of the 
steam may be utilised in the cylinder.

Inside lap is a projection inside the valve and over the 
inside of the steam port, and is used to delay the release of 
the steam in the cylinder; it is similarly shown at J.

Inside lead, or negative lap, shown at K, is provided to 
hasten the release of the steam, and is the reverse of inside 
lap, as the width of the cavity is greater than the distance 
over the ports.

Inside lap is seldom used on locomotives, but inside lead 
is met with on some engines, especially compounds. As a 
rule, however, locomotives have the inside width of the cavity 
equal to the distance between the outside edges of the bridges 
or port bars which separate the ports.

The cycle of operations for each revolution of the crank 
is as follows :—First steam is admitted to the cylinder, called 
“admission, then the valve closes, termed “cut-off”; the steam 
shut in the cylinders then exerts its pressure by “ expansion.” 
Next the valve opens to exhaust, called “release”; the 
distance between the cut-off and release, through which the 
piston is propelled by the expansion of the steam, is known 
as the “expansion period." The valve closes the port to the 
exhaust at the end towards which the piston is moving before 
the piston reaches the end of its stroke, and the steam left in 
the cylinder is compressed, forming a “ cushion ” to assist in 
bringing the piston to rest without shock, and as the valve 
here opens a little to live steam, called the “lead,” the piston 
is ready to perform its return stroke as soon as the crank has 
passed its “dead centre.” Admission, cut-off, expansion, and 
release then take place from the other end, bringing the piston 
back to the point of starting. All the above operations are 
repeated for each revolution of the driving wheels.

At L the piston is shown at the extreme end of its stroke, 
and the slide valve is open to “lead.” At M the piston has 
travelled along some distance—about half the distance to the 
point of cut-off—and the valve has opened its maximum 
width to steam ; it then commences to close, and when the 
piston has reached the point of “cut-off”—shown at N—the
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valve closes, and then the piston still moves along-, reaching- 
the point of release as shown at O, when the port is opened 
to exhaust, and the port at the other end closed, causing’ 

“compression.” .
The point at which the steam is cut off can be vaned by 

means of the reversing gear, as we shall fully explain läter. 
The point of “cut-off” is usually measured in terms of the 
percentage of the entire stroke of the piston ; thus, cutting off 
at 25 per cent, means that the valve closes to steam when the 
piston has reached 25 per cent, of its entire stroke, 5° Per 
cent, when it has travelled half its stroke, and so on. All the 
other functions of the slide valve then take place earlier. or 
later in the stroke, according to whether the engine is cutting 

off early or late.
The necessary movement is imparted to the valves by 

means of the “motion’ or valve gear, as already mentioned. 
This may be of a great variety of types. On the first loco- 
motives, which only ran at some four or five miles per hour, a 
collar was fitted at each end of the rod, actuating the three- 
way cock which did duty for a valve, and a projecting' arm 
upon the crosshead caught the collar when the piston reached 
the end of its stroke and reversed the direction of the steam , 
similarly, when the other end was reached, the arm struck the 
other collar, and again reversed the cock. For starting the 
engine it was necessary to observe the position of the cranks 
and. move th© valve rod by band, so that tlie steam coulcl be 
admitted to the required side of the piston, after which the 
engine took up the movement automatically. No advantage 
could be taken of the expansive properties of the steam, as 
the full steam pressure was maintained throughout the stroke. 
When the success of the locomotive was assured, and its speed 
inereased, the need for improving- the valve gear became ap- 
parent, and amongst the advances leading up to the present 
motion was the employment of a single eccentric for each valve 
and cylinder, loose upon the axle, and having- catches at the side 
to engage studs upon the axle when moved laterally. A lever 
and gear worked by a treadle 011 the footplate controlled the 
position of the eccentrics. When starting the engine, the 
driver put the eccentrics out of gear by the treadle ; then by 
means of a lever he raised the small ends of the eccentric rods, 
and notin g the position of the cranks, or if more convenient 
the balance weights in the wheels, he, by means of another 
handle, moved the valves to open the necessary ports to steam, 
and workeel them by hånd until the engine was moving, then, 
with the treadle, he threw the eccentrics over to engage the 
studs, at the same time dropping the small ends of the rods to
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engage pins upon the valve spindles so that they continued to 
keep up the movement of the valve. It follows that the valve 
levers upon the footplate were constantly moving backwards 
and forwards while the engine was running and the eccentrics 
were in gear.

I he next advance was to fit the engine with two eccentrics 
for each cylinder, and have forks at the ends of the eccentric 
rods with means by which they could be raised or lowered so 
as to engage or disengage with pins upon the valve spindles, 
either fork could then at will be made to communicate its 
motion to the valve; by having the lever in mid position 
neither acted, and the valves remained stationary. These forks 
were found to be a continual source of trouble and expense, 
as they broke off frequently, and to improve the gear the two 
rod ends were connected by a curved link, so that the valve 
spindle was always coupled to the link, and the raising- and 
lowering of the rods and links brought the valve under the 
influence of either eccentric as required. This with modifica- 
tion is the “link motion” most commonly used to this clay for 
locomotives. It is called the “shifting link” or “Stephenson” 
motion, because it was introduced by the firm of Messrs. R. 
Stephenson & Co. in 1843, and fitted to the engines built by 
them.

Another valve gear is called the “stationary link” or 
“ Gooch’s ” motion, being inventecl by Daniel Gooch also in 
1843, and fitted to all engines designed by him. It has a link 
hung with its curvature the opposite way to that described 
above, and to reverse the engine the valve rod is moved up or 
down, the link remaining hung in one position vertically, 
but free to vibrate backwards or forwards about the centre of 
a suspension link.

A compromise between the two is known as the “straight 
link” or “Allan” motion from its inventor’s name. In this 
gear the link is made straight, and has a limited vertical 
movement, the valve rod is also provided with a lift, so that 
to reverne the engine the link rises, and the valve rod fails, 
or vice versa, as the case may be.

These three are the most common forms of link motion 
applied to locomotives. Another gear, a favourite one on the 
Continent, is Walschaert’s valve gear, which has one eccentric 
and a slot link, and takes its valve movements mainly from 
the crosshead.

To entirely dispense with eccentrics many gears have 
been devised. The best known of these, perhaps, is that of 
Joy, in which the valve receives its travel from the connecting 
rod, and a curved slot link. In Morton’s gear the motion is
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obtained from the connecting rod and crosshead combined. 
These two latter gears are particularly suitable for engines 

with the valves above the cylinders.
The shifting link, being the most common in Britain, will 

be considered first. It is illustrated in Fig. 18 as applied to 
an engine with inside cylinders, having the steam chest 
between them. Two eccentrics are fixed upon the crank axle 
between the cheeks of the cranks, being held by keys let halt 
into ways in the axle, and half into the eccentric sheaf. This 
latter is in two portions, held together by means of two bolts 
passing throug'h, with heads sunk into the smaller portion; 
cotters are driven through holes in the bolts at the other end, 
securingthe two half sheaves tightly together. Each eccentric 
is separate from the others, and four keyways are cut in the 
axle. To simplify this arrangement many builders now cast 
the eccentrics in pairs, so that only two keyways are necessary, 
and in some cases, to entirely dispense with keyways, which 
are always a source of weakness to the axle, the eccentrics are 
cast in pairs, and the outer ones have lugs on their outer 
sides, which project over and take a bearing' upon the cheek 
of the crank. This latter method cannot, however, be em- 
ployed when the cheeks are oval, as shown, or circular in 

shape, but only when flat.
Steel or case-hardened iron set screws screwed through 

the sheaf, having sharp cupped ends to cut into the axle, and 
checked by a nut upon them, were at one time the only means 
employed to hold eccentrics upon the axles. Ihey are now 
retained on some railways in addition to the keys as a further 
precaution, but they are often dispensed with altogether. 
When the detached eccentrics, as in the sketch, are employed, 
the larger portion is of cast iron, and the smaller of wrought 
iron, but with the double eccentrics they are entirely of cast 

iron.
The straps are made in brass, wrought iron, or, as now 

most frequently, of cast iron ; when of wrought iron, brass or 
cast iron liners are frequently used. F lat faces are provided 
upon them, on which the butt ends of the eccentric rods are 
fixed by two bolts. Oil receptacles are cast on those of cast 
iron or brass, and forged upon or attached to the wrought 

iron ones.
The eccentrics are set upon the axle in such a position 

that the valves may have their proper amount of lead, with 
suitable allowance for lap. If there were no lap or lead 
allowed the valve would be made the width between the outer 
edges of the ports, and the eccentric would have to be set to 
exactly go° or a quarter of a revolution in advance of the
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cranks, in order to open and close the ports at the proper 
times, but as both lap and lead are always allowed on loco- 
motives, the sheaves have to be set slig'htly in advance of 90 , 
and this quantity is called the angle of advance, or angular 
advance of the eccentrics ; it will be seen on examination of 

the sketch how much is usually allowed.
The throw of the eccentric, of course, primarily depends 

upon the widtli over the ports and when the eccentric rods 
are coupled up to the top and bottom of the link respectively, 
as in the sketch, so that the link can never be placed with the 
intermediate valve spindle and eccentric rod in one straight 
line, the travel of the eccentric must somewhat exceed the 
travel of the valve. Many makers have the eccentric rods 
coupled on to bosses on the back of the link, so that the 

throw of eccentric may be lessened.
The link or quadrant is forged of iron, and after being 

machined all over is well case-hardened, the wearing surfaces 
being ground up and the pin holes in most cases fitted with 
bushes, which can be renewed when necessary ; these latter 
are often of Steel. Ihe pins are also of case-hardened iron, 
and are held in position by small taper pins passing halt 
through them. The link is hung- by suspension links, one on 
each side, from a weigh shaft placed above them and running- 
across between the frames. Lugs are rivetted with cold 
turned rivets, tightly fitting- the holes, on to each side of the 
link, and have pins, usually called the saddle pins, upon 
which the suspension links are placed. The centre of the 
point of suspension should be upon the centre line of the link, 
both vertically and horizontally, in order to get the best 
results. The curvature of the link is equal to the length ot 

the eccentric rods.
The eccentric rods are of wrought iron with case-hardened 

ends, and are usually coupled up to the link with the fore gear 
rod to the top, and the back gear rod to the bottom. When 
coupled up as in the sketch, with the crank on the back centre 
and the eccentrics nearest to the link, the rods are described 
as open rods; if, however, the cranks and eccentrics remained 
as now, and the fore gear rod was coupled to the bottom and 
the back gear rod to the top, they would be called crossed 
rods, and the effect would be to reverse the amount of lead. 
With open rods an early cut off involves more lead, whereas 
with crossed rods early cut off requires less lead. Crossed 
rods are very seldom employed on locomotives in Britain, but 

sometimes in America.
The whole weight of the link and hangin g gear, as well 

as part of the eccentric rods, etc., has to be raised when the
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engine is moved from fore or mid gear into back gear, and to 
assist in lifting this it is usual to either put a spring upon the 
weigh shaft or place a weight upon an arm on the opposite 
side to the suspension arm ; the spring is recommended as it 
reduces weight and is not likely to become detached.

The intermediate valve spindle is passed through a guide 
fixed to the motion plate, and, within a forked end which 

encloses the. link, it carries a quadrant block fitting in the 
slot of the link; a pin passes through this and the forked 
end, and is secured against coming out by small taper 
pins, as mentioned above. The other end of this spindle is 
formed into a socket to take the spindle of the valve buckle. 
As the v alves, when situated between the cylinders, are 

necessarily very close together, and the centres of the links 
have to be wider apart, this difference is got over by making 
the spindle large at the link end, then carrying- it forward on 
one side of the longitudinal centre line, finishing with a socket 
larger and yet further from the centre, if necessary. This is 
plainly shown on the plan.

Owing to the faet that the valve is greater in width than 
the over-all breadth of the ports by twice the lap, the maximum 
point of cut-off is seldom more than 75 per cent, of the stroke, 
whilst the minimum cut-off is similarly restricted, although 
slightly greater in fore than in back gear; further, there 
is a difference in the cut-off on the front and back strokes, the 

angularity of the connecting rods making it later at the front 
end. These results, however, largely depend upon the amount 
of lap and the travel of the valve, less lap giving later cut-off.

As the quadrant block in the fork of the intermediate 
valve spindle is prevented from having any vertical move- 

ment, and the suspension link is hung from a centre above, 
the slot link necessarily rises and falis, as the ends and centre 
of itS; stroke are reached, and causes a certain amount of 
“ slip ” upon the block, the faces here are worn if the engine 
runs for a long time notehed up at one particular point of 
cut-off. It is found that the slip is least at the point of 

suspension of the link, and for this reason the links are hung 
from the centre, for slip and wear combined would cause the 
distribution of steam to be irregular. A short link with long 

eccentric rods will allow more slip than a long link with short 
rods.

Where the valves are placecl above the cylinders, either 
the faces may be inelined downwards to the axle and the gear 
work direct, or the faces may be made parallel with the pistons 
and a rocking shaft employed; in the latter case a stout shaft 
is placed across between the frames with arms below to take the
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quadrant blocks, and arms above to work the valve spindles. 
With the valves below it is usual to incline the faces upwards 
to the centre line of the axle. When the faces are inclined 
either above or below the cylinders, the eccentrics are not 
altered with regard to each other, but both are simply shifted 
round the crank until the centre line of the whole four, which 
in the illustration is coincident with the centre line of the 
piston, is upon the centre line of the inclination when the 
crank and connecting rod are upon their centre line. If a 
rocker is used, the eccentrics have to be placed reversed on 
the axle relatively to the position of the crank. Thus, if the 
crank is placed horizontally, and no rocker is used, the 
eccentric is put upon the side of a vertical line through the 
centre of the axle, furthest from the crank pin ; but upon the 
side nearest the pin when the rocker is employed, as it alters 
the relative movements of the valves with regard to the 
pistons. The rocker is sometimes used on British railways 

and is universal in American practice.
The stationary link, or Gooch motion, as applied to an 

outside cylindered engine, is illustrated by Fig. 19. In this, 
two eccentrics are placed as before upon the driving-axle, 
but as there are no crank webs by which it would be possible- 
to secure them, as in inside cylindered engines, keys must be 
employed. The eccentrics and straps are here shown of a 
different construction to those in Fig. 18, the large portion of 
the eccentrics being of cast and the smaller portion of wrought 
iron as before, but set screws in addition to the keys are shown. 
The straps are of wrought iron and are recessed on the inside 
to receive a cast iron liner made to fit and so prevented from 
having side movement; to keep them from turning in the 
straps, the latter are made in two portions and distance pieces 
are inserted at the junctions of the straps and project down to 
the sheaf, and the two half-liners butt upon them. These dis­
tance pieces serve another purpose, as they can be reduced in 
thickness when it is found necessary to let the liners together to. 
take up wear. It is not usual to use these distance pieces when 
the straps are entirely of cast iron, as these can be let together,. 
they being scrapped when worn out, whereas the wrought iron 
straps can be used over again with fresh liners. The butt ends. 
of the eccentric rods are secured to the straps by studs. Oil 
cups are forged upon the straps and fitted with oil syphon 
pipes. Of course, it will be understood that the other methods. 
of building up the eccentrics and straps can be equally well 
applied to the stationary as to the shifting link motion.

The link itself is of the “box link” type—it consists ot 
two channels of the proper section and curvature required,
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placed with their flanges projecting towards each other; 
Alling or distance pieces are inserted and secured at each end, 
for keeping- them the desired distance apart. The quadrant 
block is in two pieces, one of which. is in each channel, with a 
pin passing through them and the end of the radius rod 
between them, or the radius rod may have projecting lugs 
upon it, to take the blocks. Projecting lugs are also formed 
upon the outsides of the link to take the forked ends of the 
eccentric rods and the ends of the suspension link respectively. 
The curvature of the link is made equal to the length of the 

radius rod.
The box link is employed when it is desired to get a 

short eccentric throw, as with it the travel of the valve in full 
gear approximately equals the diameter of the eccentric circle. 
Ordinary links are also usecl, especially in inside cylindered 
engines, when the width of the box links makes it difficult to 
place them closely enough together, especially if the valves 

are between the cylinders.
The eccentric rods are similar to those used for a solid 

slot link, excepting that the fork is made in two pieces and 
joined together by means of bolts ; either this expedient must 
be resorted to or the link must be taken to pieces every time 
the eccentric rods are taken off or put on ; it therefore follows 
that this end must be coupled up first, then the butt end 

placed on the studs and secured.
The suspension links are hung from a point above the 

link and should be as long as possible, so that the rise of the 
link at each end of its stroke should cause the least interfer- 
ence with its proper movement. A length equal to that of 
the radius rod is considered best as it also minimises the slip, 
but it cannot always be obtained on locomotives on account 

of the height of the boiler.
The radius rod is usually forked to clear the valve spindle, 

which is continued through a guide, this assists it to withstand 
the thrust of the radius rod, and ensures it working fair. The 
raising or lowering of this rod is effected by bell cranks upon 
the reversing shaft as shown, and the engine is reversed by 
bringing the valves more under the influence of either eccen­
tric as required, by raising or lowering the quadrant block in 
link. On the sketch it is not in mid-gear, but is shown 
slightly raised towards the fore-gear eccentric . rod end, to 
make the drawing clearer, as the two centres, if coincident, 

woulcl be liable to lead to confusion.
As the radius of the link is equal to the length of the 

radius rod, when the crank is on its dead centre and the port 
open to lead, reversing the motion simply lifts or lowers the
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radius rod and does not move the valves, hence ttøe lead is con- 
stant forali gears with this motion, and open or crossed eccentric 
rods can be employed without affecting its peculiarities.

To minimise the slip of the block in the link which this 
gear is liable to suffer from if allowed to get slack and worn, 
it is usual to modify the method of setting so as to make the 
distribution of steam most correct in the forward gear, 
especially in express or main line goods engines, % and in 
practice this can be best done by hanging the link with its 
centre just below the centre line of motion, and lengthening 
the back gear eccentric rod, at the same time reducing the 
angle of advance of the back gear eccentric—this arrangement 
being shown in the illustration. Slip cannot be entirely obvi- 
ated, as the radius rod has not the power to hold the quadrant 
block with the same vertical rigidity as the valve spindle 
guides employed with the shifting link motion have, and for 
this reason the open link with the eccentric rod eyes at the 
ends of the link cannot be employed with this gear; some- 
times, however, the eyes are formed immecliately beliind the 
position the quadrant block occupies when it is in its extreme 

position at the top or bottom of the link.
This form of motion at one time found great favour in this 

country, but it has now been almost entirely superseded by 
other gears, although it is still used very largely on the 
Continent. It is seldom, if ever, met with in America, for one 
reason, it requires such a long distance for the radius rod that 
it cannot well be used in combination with a rocking shaft, 
with which all engines there are equipped, for actuating the 
valves above the cylinders. It is much easier in reversing 
than the shifting link motion, as the radius rod only requires 
to be moved, whereas in the other the link, eccentric rods, etc., 
have to be lifted, and the friction of the eccentric straps over- 
come; therefore no balance weight or springs are required, 
unless for special reasons the radius rods are exceptionally 

heavy.
An objection to both the stationary and shifting link 

motion is, that as the centre of motion of the valve is moved 
farther and farther from the centre of the link, due to the link 
or radius rod respectively being raised or lowered, the distri­
bution of steam in the forward stroke is different to that in the 

backward stroke.
The Allan or “straight” link motion is shown in Fig. 20 

as applied to an inside cylindered engine; in this both the 
link and the radius rod are moved when reversing, but in 
opposite directions, and as the action is more direct the slip 

upon the block is greatly reduced.

7
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This motion has two eccentrics upon the axle similar to 
the previous types described, and the eccentric rods are 
coupled clirect to the top and the bottom of the link respectively. 
There is also a radius rod with a block swinging in a forked 
end, and working in the slot of the link, and a reversing shaft 
which has arms on opposite sides of it; these arms have 
suspension links pivotted on them, which are coupled to 
the link on one side and to the radius rods on the other, so 
that a partial revolution of the reversing shaft moves them 
both simultaneously in opposite directions. The shaft may 
be placed either below the motion as illustrated, or above, as 
found most suitable for the other details of the engine to be 
fitted.

The respective lengths of radius and eccentric rods, &c., 
must be so proportioned that the ares described by the radius 
rod and link shall be always tangential to each other so that 
the block shall move in a straight line when the engine is 
reversed if it is desired to get an accurate distribution of 
steam ; hence a straight link is necessary, and well-designed 
examples have a practically equal lead in all gears, but all 
possess at times slight inequalities in one or both of the full 
gears, this is, however, very little with long radius rods and 

relatively short travel.
The different lengths of the arms upon the reversing shaft, 

for supporting the links and radius rods are essential to a 
proper suspension of these parts, the exact ratio between them 
depending upon the dimensions of the other portions of the 
gear, and being coupled up to the heavier links and eccentric 
rods upon the short arm, they balance the lighter radius rod 
upon the longer arm, equalising the weight and thus greatly 
aiding the reversing of the motion from one full gear to the 
other without requiring the aid of balance weights or 

springs.
The open or box link may be used, and the point of sus­

pension be either at the top, bottom, or centre of the link as 
the other proportions, etc., may render it necessary, and open 

or crossed rods may be employed.
By this gear the inequality of distribution of steam in 

forward or backward strokes, incidental to both the shifting 
.and stationary links, is greatly reduced as the slipper block is 
never far from the centre line of motion.

The straight link motion is not employed in America, as, 
like the stationary link, it requires a long distance for the 
radius rod, making it diflicult to use in conjunction with a 
rocker. It is, however, extensively used both in Britain and 

on the Continent.
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The motion details are generally made of wrought iron, 
and well case-hardened at all wearing points after being 
machined up to shape, they are then accurately fitted together 
by being ground up with emery powder and oil. The pinholes 
in the links, etc., are usually bushed, either with steel or gun- 
metal, for renewal when worn. The pins are prevented from 
turning in the holes and becoming loose by having holes 
through them and the rod ends, into which taper steel pins 
are fitted, and split at their small ends to prevent them from 
working loose and falling- out. Oil holes and grooves must be 
liberally provided as it may be difficult to get at some when 
the engine is moving-; care should be taken in practice to 

keep these clean.
The setting of valves operated by link motions must next 

engage our attention, the mode of procedure may be as 
follows :—The eccentrics are set and fixed to the axle in the 
required position, as determined by the lap and lead, etc., and 
the straps fitted to them ; then, the engine being ready for the 
wheels and axles, these are run under and secured in their 
appointed position, the valve motion being next hung up in 

its place.
Before coupling up the eccentric rods to the links, the 

valve spindles are marked to show the position of cut-off for 
each port; this can be done, if the valve cannot be seen as 
when the steam chest is between the cylinders, by holding a 
thin piece of tin in one port and carefully pushing the valve, 
which is in its buckle, up to it, then marking the valve spindle 
outside the steam chest with a trammel having two points at 
right angles to each other. The point at the end of the longer 
arm is placed in a centre punch mark or “pop” in the back of 
the steam chest or upon the motion plate, as may be found 
most convenient to the operator, and a line is then “scribed” 
by the point of the short arm on the valve spindle, and a small 
pop made. The tin is next taken out and placed in the other 
port upon the same cylinder, and the valve drawn back or 
pushed up to it, and the spindle again marked for that end; 
the same process is then gone through for the second cylinder.

The eccentric rods are then coupled to the links, and the 
links to the valve spindles, and the engine squared or placed 

plumb,” then the driving wheels are slightly lifted off the 
rails, rested upon suitable rollers upon each end of a shaft 
reaching across the pit over which the engine stands, and 
which has a reversible ratchet upon it, so that the wheels 
may, by its means, be turned in either direction at will.

The reversing lever is now placed in the position allowed 
by the particular builder to be that in which most of the
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riinning- is eventually done; this is usually less than half the 
full distance from the central position of the lever, and it is 
here that the motion should be most accurately adjusted. The 
wheels are slowly revolved by the apparatus described above 
and known as a “jigger,” it being particularly observed that 
they are turned the proper way—that is, forward when the 
lever is in fore gear, and backward when it is in back gear.

The spindles are “ blacked ” by having soot from a torch 
lamp deposited upon them at those portions about to be 
marked by the trammel, to enable the marks to be easily 
cliscerned. As the extreme travel of the spindle is approached, 
the long end of the trammel is placed in the pop upon the 
cylinder or motion plate, and the shorter point is continually 
passed across and across the spindle, removing the lamp 
black, this process being continuecl until the spindle com- 
mences to return ; thus, the point of extreme travel beyond 
the point of cut-off may be taken from these indications 
by a small pair of dividers from the original small pop 
upon the valve spindle, and a plate is then marked with 
this distance. The wheels are turned until the other dead 
centre of the valve spindle is reached, and the point taken as 
before, and the two being marked upon the plate, the differ­
ence can be measured, and the rod lengthened or shortened 
as required, it being usual to leave the rods a little short, 
about of an inch, to allow for the expansion of the spindles, 
etc., when heated, and also for the settling of the engine upon 
the springs, especially when the cylinders are inclined.

After adjustment the rods are fitted up again and tried 
over, both in forward and backward gear, and any error that 
cannot be entirely eliminated is usually divided to reduce its 
effect as far as possible.

The pistons and rods having been placed in position and 
the cylinder covers put on, the pistons are pushed to each end 
of the cylinder to get the extreme points to which the pistons 
can be forced, the slide bars being marked from the crossheads 
at these points. Then the connecting rods are put on and 
coupled up, and the wheels revolved to get the extreme points 
of travel, and thus ascertain the amount of clearance between 
the pistons and covers at each end of the cylinders.

To obtain the dead centres a pair of compasses and a 
trammel are required, and a “pop” is made in the slide bar, 
in a convenient place, into which one leg of the compasses is 
placed, whilst with the other the crosshead is scribed, the wheels 
being stopped for this purpose when a point near the end of 
the stroke is reached. The trammel is next used to mark the 
tyre also at this point, one end of it being placed in a pop on
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the under side of the frame, or other convenient adjacent point, 
and the tyre scribed with the other end ; then, again turning 
the wheels, the dead point is passed, and as the mark upon 
the crosshead is reached, the compasses exactly touching it, 
the wheels are stopped, and the tyre again marked from the 
same point. The distance between the two points upon the 
tyre is equally divided, and a pop made, and the wheels 
revolved until the trammel exactly enters it; at this point the 
slide bar is marked to indicate the dead centre, the distance 
between this point and the extreme position of the piston 
being the clearance. The other dead centres are found in 
exactly the same way, and the clearance marked for each one.

Having indicated the dead points of the cranks, the 
lever is put over into full forward gear, and the wheels turned 
forwards, until one of the marks upon the tyre is reached by 
the point of the trammel entering the pop exactly; the wheels 
are then stopped, and the amount of port opening measured 
upon the valve spindle—this will be the lead for this port and 
gear. Turning the wheels again the next point is reached, 
and the lead taken in a similar way, and so on for the four 
centres.

Reversing the engine into full backward gear, the wheels 
being turned backwards, the lead is measured for the same 
points in back gear. The reason for taking’ the lead in full 
gear is that with the shifting and straight link motions the 
lead is here least, it is therefore certain to be sufficient in the 

running positions.
It is customary with some bnilders, instead of raising the 

driving wheels and turning them alone to set the valves, to 
place the engine upon a sufficiently long straight road over a 
pit and move it backwards and forwards so as to more exactly 
approximate the working conditions.

If it shoulcl be found necessary through any inaccuracy in 
setting the eccentric sheaves, or if by an altered condition of 
service it is desirable to adjust the lead, it can only be done 
by shifting the eccentric sheaf round upon the axle, increasing 
the angular advance if the lead is to be increased, or decreasing 
it if the opposite result is desired. New keys are required in 
the sheaf shifted, and, if much altered, new sheaves may be 
wanted. Some makers, to guard against errors, set the valves 
before the keys are fitted, holding the sheaves by set screws 
only, and then when all adjustment is complete fitting the 

keys to sheaves and axle.
It is always important to notice that all the parts of the 

motion that are to be coupled up to work together should be 
made to “ lead ” right for each other, and not be strained at

________
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all; for instance, the eccentric rods are coupled up to the butt 
or crutched énds, and the fork placed against the link and 

pressed over as far as it will go on either side, the amount 
that it passes the link being noted, and the rod set if necessary 
until it travels an equal distance each way. All the setting 
can usually be done without taking the rod down by forcing 
it over at the forked end, and hammering the rod at the root 
upon the side towarcls which it is desired to draw it. If any 

“twist” exists, it must be taken out, this usually being a 
smith’s job, as the rod must be taken down, heated and set.

When all the adjustments are completed, the working 
pins are put in place, the taper pins inserted and driven 
smartly home, and the splits opened with a chisel; all check 
nuts are put on and tightened up, and split pins or cotters 
driven in and opened, this being done before the turning gear 
is removed, as it is often necessary to turn the wheels to get 
the several parts into more convenient positions; after this 
has been done, the jigger may be taken down and the spring 

gear coupled up.
Before the engine is run on the trial trip, it is usual to 

remove the pistons and valves, leaving off all the front covers, 
and close the piston and valve rod stuffing boxes ; then steam 
is raised in the boiler, the regulator opened, and all dirt, etc., 
blown out of the ports and other inaccessible parts of the 

cylinders.
Corning now to those motions partly or wholly dispensing 

with eccentrics, and better known as radial gears, we will 
describe first Joy’s motion, in which the valve movement is 
taken from the connecting rod through a system of levers, as 
being one of the most successful and most used of them. An 
arrangement of it applied to an inside cylinder engine is 

illustrated in Fig. 21.
The connecting rod has an enlarged boss formed in it at 

a suitable point, about one-third of the length of the rod 
measuring’ from the small end. This is bored out and fitted 
with a bush; through it a pin passes, projecting on either side 
to carry the forkecl ends of the “correcting link.” This is 

coupled at its other end to the “anchor” link, which in turn 
is pinned and allowed to vibrate about a fixed point. In the 
illustration this point is upon a projecting lug upon the motion 
plate or slide bar bracket. Examples may, however, be often 
met with in which it is on either a frame stay or a shatt fixed 
across the frames, as found most suitable in the particular 
design of engine. The correcting link has a bearing in its 
central portion, to which are connected the “valve levers,” 

these being further provided with two other bearings one at
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the top end for the attachment of the valve rod end, and the 
other close to it for the pin, which carries upon its ends the 

quadrant blocks, which are fitted to sliding- curved guides 
fixed to the reversing shaft.

It will be seen that the vibration of the connecting rod 
when the engine is running moves the quadrant blocks up 

and clown in the curved guides, compelling the valve rod to 
take a course dependent upon the position of the guides; thus, 
in the sketch the guides benig- vertical, the valve rod, and 
with it the valve, will have least movement horizontally, and 
the engine is in mid-gear.” When it is desired to run for­

ward, the reversing shaft has a partial revolution given to it, 
tilting the top of the guides over towards the cylinders; this 

causes the block to move in the required direction and gear. 
When the engine is reversed to full back gear, the shaft is 

partially turned, so that the tops of the guides lay over towards 
thefirebox; the points of cut-off between mid-gear and full 

gear are settled by giving the guides more or less inclination 
as required.

lo determine the several dimensions and positions ot 
attachment of the various rods, etc., it is necessary to take 
into account all the arrangements of the engine. The position 
of the pin hole in the connecting rod for attachment of the 

correctmg link is found by drawing lines from the points in the 
crank circle which the centre of the crank pin occupies when 
the piston is at half stroke to the centre of the small end pin, 
and taking a point in the leng'th of the connecting- rod which 
has a vertical vibration equal to at least twice the full stroke 
of the valve, so as to avoid too great an inclination upon the 
guides when the engine is put over into full forward or back- 
ward gear.

This point being fixed, mark off upon the centre line of 
the rod the position it will occupy when the crank is upon its 
front and back centres respectively, and draw a vertical line 

vertical to the centre line of the motion—through a point 
exactly central between them. The length of the correcting- 
link can now be found; its end, which is attached to the 
anchor link, must be sufficiently far away to allow of the angle 
between its two extreme positions being less than a riø'ht 
angle. &

Ihe anchor link should be made as long as convenient, 

so as to allow the end of the correcting link to rise and fali as 
nearly as possible in a vertical line, it will not affect the dis­
tribution of steam which end of the engine its end is fixed, 
but it is usually found more convenient in locomotives to fix 
it forward of the crank.
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Next, upon the centre line of the valve spindle, which 

must be in the plane of vibration of the connecting rod, upon 
each side of the vertical line above mentioned, mark oft the 

amount requireel for lap and. lead, that for the front port 
being* drawn upon the crank side of the vertical line, and that 
for the back port upon the cylinder side of it. Now, assuming 
the crank to be upon its front dead centre, and the correcting 
link coupled to the anchor link, choose a point in the length 

of the correcting link, which has to be assumed, and draw a 
line through it to the lap and lead mark for the front centre, 
the crank being upon that centre; the point where this line 
crosses the vertical line will be the centre line ot the reversing 
shaft, and the centre of oscillation of the curved guides, which 
must be concentric at each end of the stroke of the piston. 
The exact point in the correcting link for the attachment of 

the valve levers must be found so that the quadrant blocks 

vibrate equally on each side of the centre of the quadrant 
block guides. It will now be seen that as the centre of oscill­
ation of the quadrant block, and the centre of the reversing 
shaft exaetly coincide with each other when the piston is. at 

each end of its stroke, it will be possible to reverse the motion 
from full forward to full backward gear without communica- 
ting any movement to the valve rod, the reversing- shaft 

simply making a partial revolution, the lead being constant 
in all gears. This point is important, and is made use of 

when the valves are being set in the shop.
The valve spindle may be of any convenient length, and 

is coupled up to the top of the valve levers at one end, and to 
a crosshead upon the valve buckle spindle at the other. 
Whatever length is chosen for the valve spindle must be also 

the length of the radius of the quadrant block guides.
It will be noticed that the lap and lead are entirely 

dependent upon the distance apart of the two centres of the 
valve levers, which are connected to the valve spindle and the 
quadrant blocks respectively, and can only be altered by 

varying this length.
' The path described by the point in the connectmg rod 

where the correcting link is connected is a horizontal ellipse 
when the engine is running, and the end of the valve lever to 
which the valve spindle is coupled describes a vertical ellipse 
at the same time; therefore, this particular style of motion is 
known as “elliptical” gear. It would be possible to couple 
the end of the valve levers direct to the connecting rods, and 
dispense with the correcting link altogether, but this would 
give an irregular motion to the valve, and give a different 

distribution of steam in the front and back strokes.
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In some small locomotives with outside cylinders, where 
it would not be possible to find room for the anchor link in 

the position shown in the illustration, the correcting links are 
cut off at the point of attachment of the valve levers, and the 
anchor link, coupled to them there, and at its other end to 
small return cranks upon the crank pin—the stroke of which 
must, of course, equal the distance travelled by the other end 
of the anchor link.

Deviations from the above positions and proportions maybe 
made without materially altering the correctness of the results.

The metals employed are usually wrought iron for the 
links, rods, pins, etc., the wearing portions being well case- 
hardened. The quadrant block guides too are of wrouglit 
iron, being usually turned up and cut from a large ring of the 

necessary radius and case-hardened. Ihe quadrant blocks 
are of bronze or cast iron, if of the latter, to prevent wear they 

are cast in chilis and ground up to shape. The reversing 
shaft is of cast Steel, and the bushes in the connecting rods of 
phosphor bronze.

For the “ Joy ” gear many advantages are claimed—it is 
simple in construction and maintenance, the dead weight of 
the whole is less, and it is generally more correct in working, 
as, if the centre lines of the various levers, etc., are properly 

set out, a valve path diagram is given, in which the lead and 
cut-off are exaetly equal for both ends of the cylinders, and 
they remain so for all grades of expansion to mid gear.

Ihe. valve opens more rapidly than when actuated by 
link motions, the cut-off being prompt and the release of the 

exhaust quick, whilst it moves slowly during the expanding 
and exhausting periods. These qualities are very desirable 
for a locomotive slide valve, when obtained without any undue 
lead, compression, or too early exhaust.

Ihe cut-off point is not limited by the throw ofeccentrics, 
etc., but the reversing depends upon the angle to which the 
quadrant block guides are inelined, so that it would be only 

necessary to allow these to be carried over past the point 
usual for a full gear cut-off of, say, 75 per cent, to obtain a 
cut-off of 80 or 90 per cent. ; thus the starting power of the 
engine can be greatly inereased, and the trouble sometimes 

necessary of reversing to get it into a more favourable position 
dispensed with.

lo set the valves in the shop, the four dead centres of the 
crank are found in the same way as for link motions, as also 
are the cut-off points for each port. Then setting the engine 

upon one dead centre, the rods being coupled up, the motion 
is reversed from one full gear to the other, if the valve spindle
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moves, the reversing shaft has to be raised or lowered until 

this ceases. This having been done, the other clead centre 
upon that side is tried in the same way, and the lead equalisec 
for both ends by moving the shaft backwards, or .forwards as 

found necessary. All clead centres are treated m thesame 
way, and the valves are then set; the process is much simpler 

than that required for link motions.
A.mong other radial gears is Hackworth s, where t 

valve motion is taken from one eccentric, which is fixed upon 
the axle exactly opposite the crank, and has lts rod working 

vertically, with the end attached to a block moving m a pair 
of curved guides ; the amount of cut-off given to the slide 

valve depends upon the inclination given to these guides, m 
this respect the gear is similar to that last descnbed. 

not larø-ely used, however, on locomotives. . .
In Walschaert’s motion, which is not, correctly speaking, 

a radial gear, as no ellipses are described by it, t e va ve as 
its travel controlled from two perfectly distinet movements, 
one that of the crosshead, the other that of an eccentric fixed 
upon the crank axle, these being combined by a system ot 

levers, so that the motion of the slide valve is the same as 
that derived from the stationary link. A slot link is used o 

enabling the motion to be reversed from fore to back gear 

reqUAnd’example of this motion applied to an inside cylindered 

engine is shown in Fig. 22, The crosshead has a prolonga­

tion upon it, carried clown to a convement point for connection 
to a union bar, which at its other extremity, is attached to the 

end of a combination lever, this latter has two holes for the 
attachment of the valve rod and radius rod respectively, the 

former at the end, and the latter just below it At the tar ena 
of the radius rod is fixed the quadrant block which moves. m a 

slot link, pivotted, and allowed to oscillate about its trunnions, 
working in carriers projecting from the slide bar bracket 

To the lower extremity of the slot link the end of the eccentric 
rod is attached, so that when the crank axle revolves the link 

vibrates backwards and forwards about its fixed centre.
The eccentric itself is keyed upon the axle, usually  a 

right angles to the crank, though its position may be varæc 

to suit special requirements, and thus, as far as it ane 
link are concerned, the valve may have no lead, but through 
the combination lever the eccentric and crosshead motions are 
so combined that the angular advance is in effeet restored, 

and as a result the valve possesses a constant lead.
If the eccentric is fixed as in the illustration m advance 

of the crank when moving forwards, the bottom of the slot lin
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is directly operated by it, and therefore the radius rod must 
be at the bottom of the link when the engine is in iore gear ; 
if, however, the eccentric is fixed at the opposite side of the 
axle and leads when the crank is turning backwards, the 
bottom of the link will be the “back gear" position. The 
opposite end of the slot link, will, ot course, have a motion 
exactly the reverse, therefore, moving the radius rod up will 
cause the engine to run in the other gear. In the illustration 
the engine is shown in full “ fore gear.'’

The slotted link is shown of the open type, but the box 
link may be, and is, often used, the curvature of the slot being 
made equal to the length of the radius rod.

In the arrangement illustrated the combination lever is 
cranked, or set, this being done to clear the leading axle, but 
the action of the lever is exactly the same as it would be if a 
straight one were employed between the given centres.

It is less difficult to arrange the design of this motion for 
equal points of cut off at each end of the cylinder than it is 
with either the skifting or stationary link motions, owing to the 
very intimate relationship which exists between the piston and 
valve positions and movements through the combination lever.

The general accuracy of the movements of the valve 
when actuated by this gear, is not liable to be deranged by 
wear, owing largely to the reducing effect of the combination 
lever, slack at the bottom of it being lessened very much at 
the top, and its effect almost nullitied.

This motion is not largely used in Britain, but is very 
extensively employed on the Continent owing' to the ease 
with which it can be fitted to, and its suitability for, outside 
cylinder engines. ÅVhen used on these it is usual to employ 
a return crank fixed to the crank pin instead of an eccentric, 
and in many engines, where there is a difficulty in putting the 
reversing" shaft and its connections in the position shown, the 
radius rod is prolonged and carried beyond the quadrant link, 
for the reversing arm to be coupled to it.

There are many locomotives fitted with a modification of 
this gear, in which the distance between the centre of driving 
axle and valve is too small to allow of an arrangement as 
shown ; in these, the quadrant link is hung up with its curva- 
tures reversed, and the radius rod laid between the link and 
driving axle, the valve rod being lengthened to suit, and 
connected as before by means of the combination lever to a 
projection below the crosshead; this arrangement gives equally 
good results as that shown.

In Mortons gear the motion is taken from the connectmg 
rod and crosshead, no eccentrics being used. Ihe connecting-
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rod has a boss formed on it about the middle of its length 
which carries a small crank with cheeks on either side; from 
these bearings project for tiis attachment of a, floating- lever, 
which has three other bearings upon it, for taking. the radius 
rod at the top, anchor links just below, and a combination link 

which connects it to a projecting arm from the crosshead, at 

the bottom.
The slide bar bracket has bearings in projecting carners, 

to take the ends of the anchor links, thus compelling the 
floating lever to move at the point where the other ends of the 
anchor links are attached with this fixed centre as a pivot. 
The intermediate valve spindles are continued through their 
guides upon the slide bar bracket, and upon the crank axle 
side of the bracket they are formed into quadrant links, having 
the curvature struck from a top pin-hole of the floating lever, 
the radius of the quadrant link being made equal to the length

radius rod, whicTi is couplecl at one end to the flocLting" 
lever, and. cmbrcicBS by e l fork the block in tlie slot link, at 
the other end. this block is also couplecl by links to the arms 
of the reversing shaft, which, when given a partial revolution 
moves the block from top to bottom of ths Quadrant e l s  
required and reverses the engine from one gear to another, 

being in “ mid gear ” when in a central position.
The valve motions described are provided with means for 

operation from the footplate, so that the driver can, at will, 
not only reverse the engine, but regulate the expansion of the 
steam admitted to the cylinders by adjusting the cut-off to 
any point of the stroke as the work to be done may require. 
The details of the appliances adopted for this purpose vary 
considerably, but it is uniformly situated upon the same side 
■of the cab as it is customary to place the driver, and arranged 
for easy manipulation by him. Lig. 23 illustrates several 

arrangements.
At A is shown a reversing- lever, having a handle and 

trigger at one end and working on a pin passin g through a 
plate and bracket at the other, the trigger is coupled to a rod 
passing down the lever to a catch sliding in a guide; when 
down this engages in slots or notches at the top of the plate, 
which is cut to a radius equal to the distance from the pivot 
of the lever; the notches are cut in separate sector plates set 
on each side of the lever, the catch being broad enough to 
engage both sectors, thus holding the lever firmly. When 
the catch is in the central notch the engine is out of gear, 
raising the catch by the trigger and pushing the lever over 
towards the front puts the motion into fore gear and pulling 
it back the reverse, the intermediate notches giving different
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grades of expansion. The trigger may be as shown, on the 
back of the lever, or it may be placecl upon the front, a spring 
being provided to keep the catch down in its notch, as other- 
wise it would be liable to work up when the engine is running' 
and allow the lever to be thrown violently to the front or back 
of its travel, according to the position of the valve gear, which 
might have unpleasant results. The spring may be flat, 
situated between the trigger and handle as shown, or it may 
be coiled and attached to the bottom of the catch rod, with 
one end secured to a hook in the lever; another mode of 
attachment is by a bracket Htted above the catch, the catch 
rod passing through it, and the coiled spring being on the rod 
between the catch and bracket. A boss is provided at a point 
in the length of the lever and having a pinhole for the attach­
ment of the forked end of the reversing rod, which at its other 
end is coupled to the arm of the reversing shaft. A bracket 
is fixed to the side of the plate for the driver to place his foot 
upon and so inerease his power to pull the lever over.

In the above lever the reversing rod is coupled to an arm 
projecting up from the reversing shaft, but in cases where 
these arms are carried downwards, the lever is then made 
mueh longer and pivotted at or near its centre, the lower halt 
being carried down below the footplate and the rod coupled 
to it there.

A modification of the lever, fitted with a screw at the top 
instead of the handle is shown at B. The lever has a forked 
end at the top and is fitted with a pair of sliding blocks, which 
work upon projecting pins upon the nut through which the- 
screw revolves; it is pivotted at its centre, and being usually 
coupled to an arm projecting up from the reversing shaft, the 
top of the lever stands over to the back when the engine is in 
forward, and to the front in backward gear. The pivot may 
be, as shown, fixed to the side of the tank, or in the case of 
tender engines, which have no tanks, it is fixed to a separate 
plate attached to the frame beneath it. The screw is cut with 
a treble thread so that the movement of the nut, and with it 
the lever, may be as quick as possible; it is carried in brackets. 
at each end, and fitted with a wheel by which the driver may 
operate it. The wheel has attached to it a circular notehed 
plate and, upon the bracket carrying the bearing for the- 
screw, a catch is provided which can be dropped into the 
corresponding notch of the plate, thus securing the screw in 
any required position, as the thrust upon the nut when the 
engine is running is liable to cause the screw to revolve and 
put the motion into full gear. Above the screw and nut a. 
guard or cover is fixed, having at its top a slot of a length
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<equal to the travel of the nut, from which a pointer projects 
up and indicates upon a scale marked upon the face of the 
guard, the point of cut-off the gear is in.

Another method of applying the screw is represented 
at C, in which the lever is dispensed with altogether, and the 
reversing rod coupled direetly to the nut upon the screw. 
The screw is cut with a coarse thread, as before, and carried 
in a pair of brackets, but instead of a wheel a pair of arms 
with handles set opposite to each other are employed. The 
handle at the top, in the illustration, is fixed to its arm and 
used to turn the screw, but that shown at the bottom is hinged 
and attached to a catch which it raises or lowers into notehes 
in a ring fixed to the screw bracket casting, to enable the 
gear to be secured in any position. A cover and index is 
fitted as in the last case.

Many engines have an arrangement exaetly the reverse 
of the above, the screw being attached direetly to the reversing 
rod, whilst the nut, forming one with the boss of the wheel and 
being revolved with it, pulis or pushes the screw and reverses 
the motion from one gear to another.

The lever has the advantage of being quickly moved from 
one full gear to the other, and, therefore, is especially suitable 
for shunting engines; its disadvantage is that the notehes, 
which have to be spaced widely for strength, frequently cause 
too great a difference in the rate of expansion when the catch is 
moved from one notch to the next, so that expedients are often 
resorted to by drivers to give a less difference, a common one 
being that of placing a piece of metal across the notehes so 
that the catch will bear against it and hold the lever in a. 
mid-way position. In the Norris lever, mueh used in the 
U.S.A., two catches are employed, one on either side of the 
lever, spaced to half a notch, and the catches being made with 
tapered ends, one or the other will always engage in the sector 
plate at half the travel of the plain lever. The advantages of 
the screw are the ease with which the engine can be reversed 
with steam on, and the great range of positions which it has.

In order to quickly and easily reverse the valve motion 
many arrangements of reversing gears, working by steam or 
compressed air, have been devised. One of these, operated 
by steam, is shown at D. Upon the top of the trailing 
splasher, inside the cab, two cylinders, each about 5-in. 
diameter by 9-in. stroke are fixed, with pistons both secured 
to the same rod, so that they move togetlier. The cylinder 
shown on the right is for steam, and has the usual ports, one 
to each end of the cylinder and one to exhaust between them. 
Upon the port face is a flat bottom disc valve, revolved by

8
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means of a handle above, which has a cavity below wide 
enough and sufficiently upon one side of the vertical centre to 
cover one steam and the exhaust port, putting them into free 
communication with each other; upon the side of the disc oppo- 
site to the cavity is a hole through the valve itself, through 
which steam is admitted from above to the port below the 
disc, so that when the disc is turned, as shown, steam is 
admitted to the left port and the right port is open to the 
exhaust. When turned through half a revolution steam is 
admitted at the other port, and when turned a quarter of a 

revolution both ports are closed.
The cylinder on the left is filled with oil or water, and 

instead of the disc valve has a bye pass cock, and no exhaust 
port ; opening the bye pass, which is done by giving the 
handle a partial revolution, allows the liquid to flow from one 
end of the cylinder to the other, as the steam pressure in the 
other cylinder may force it. Closing the valve separates the 
liquid in each end and locks the piston in its position. Ihe 
steam cock upon the cylinder is coupled to the bye pass cock 
and opens and closes with it. The piston in the steam cylinder 
is fitted with the ordinary spring ring, but that in the other 
cylinder is fitted with two cup leathers, as shown ; a cup is 
also provided upon the bye pass cock, so that any loss, due 
to leakage, etc., may be made up and all slack kept properly 

taken up.
The movement ot the piston rod is transmitted to the 

reversing shaft through a long lever, shown broken at the left 
of the sketch, and is coupled to a rod which connects it to 
the arm projecting' clown from the shaft. This gear is also 
fitted in other positions upon engines, often being arranged 
vertically as at the front end of the side tanks of tank 

■engines.
The marks upon the scale indicating the gear and point 

■of cut-off are founcl on the engine after it has been coupled up 
and had the valves set. Thus the cut-off points for the ports 
upon one side of the engine are determined as has been before 
described, and marks made upon the valve spindle, the crank 
is then set at the point in its stroke at which it is required to 
•cut-off, this point being found on the slide bar, and the 
reversing gear moved until th.e valvs ©xactly closes the front 
port, the point upon the scale that the pointer indicates is 
marked, and the wheels turned, with the reversing gear still 
in this position, until the back port closes and the position ot 
the crosshead noted. The crank is then set at the next position 
for which the cut-off point is required, and the lever moved as 
before and the scale marked, and so on for all points in the
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forward gear, then the engine is reversed and similar points 
found for the backward gear. It is usual to mark the ends of 
the indicator with the words “fore ” and “ back ” to show the 
gear the motion is in.

Clearance has been described as the distance between the 
piston and the covers of the cylinders, but when referring to 
the steam, its action within the cylinders, and its effect upon 
the working of the engine, as shown by the indicator, the term 
includes the ports and, in faet, all the spaces filled with steam 
between the valve face and the piston when at its extreme 
position. It is not possible in practice to do without clearance 
as it allows for wear, etc.; but the losses due to it may be 
decreased by closing the port to exhaust, and compressing a 
portion of the enclosed steam before the piston has reached 
the end of its stroke. The steam so compressed into the 
clearance spaces by the advancing piston forms a cushion 
useful in bringing it to rest without shock. The amount that 
can be allowed depends upon the speed of the engine, and can 
be very mueh more when running fast than when moving 
slowly, and if carried sufficiently far pennits of the pressure 
of the steam in the clearance spaces being raised to that of 
the boiler; then all losses due to clearance are avoided, as the 
space is full of steam at maximum pressure when the piston 
commences its return stroke; but cushioning to this extent 
would entail a loss in another direction by greatly inereasing 
the back pressure, and reducing the mean effeetive pressure 
upon the piston. Compression also, incidentally, has the 
advantage of raising the temperature of the cylinder and port, 
which had been cooled down to the heat of the expanded 
steam, and the entering boiler steam is thereby saved from 
■condensation with consequent loss of pressure.

If all the working joints of the engine affeeted by the 
reciprocating motion of the piston, particularly the small and 
big ends of the connecting rods and driving axle-boxes, could 
be made a perfeet tit, so that when the crank passed the dead 
•centres no slackness was observable, it would not be alto- 
gether necessary to open the port to live steam before the 
piston reached its extreme point, or allow lead; but inasmueh 
as it is impossible to do this with large and heavy mechanism, 
such as that of locomotives, there will always be a certain 
amount of slack; in faet, it is purposely provided in the first 
instance, and this inereases as wear takes place, until a consi- 
derable “thump” or “knock” is given, as the cranks pass 
their dead centres, due to the momentum of the connecting 
rod, piston rod, etc., being suddenly arrested when these are 
checked preparatory to commencing the return stroke. By
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admitting steam to the end of the cylinder towards which the 
piston is travelling before it reaches its extreme position, its 
velocity is arrested, for the steam forms a cushion, for it to 
strike upon, thus relieving the axle, etc. The closing of the 
port to exhaust, as above described, before all the steam has 
escaped in front of the advancing piston, and consequent com- 
pression of the imprisoned steam, also assists in cushioning; 
but it has been proved that the compression alone, without 
assistance from live steam, admitted by prematurely opening 
the port by lead, is not sufficient to entirely eliminate “knock.” 
The exact amount of lead necessary is determined by practice, 
and will vary from 32 of an inch. in most favourable cases to 
J of an inch in others; when not otherwise specified, this 
figure benig taken when the motion is in full gear.

Another reason for allowing lead is that it causes the 
ports to be opened for the admission of steam well before the 
piston commences its stroke; it is thus enabled to enter at 
greater pressure and fill the cylinder better than would be the 
case if the valve only opened just as the piston reached the 
dead centre and commenced to return, this benefit being 
specially felt in fast running.

Besides allowing live steam to enter the cylinder before 
the return stroke of the piston commences, it is also necessary 
to release the steam upon the other side of the piston as much 
as possible. The cavity of the valve, therefore, opens to 
exhaust upon the steam side of the piston before the comple­
tion of the stroke, so that the port openings, small at the 
commencement of the valve strokes, shall provide an outlet 
large enough for the free escape of the steam when the piston 
commences to return, and thus help to reduce back pressure, 
which is the name given to the retarding pressure upon the 
piston, and has to be overcome by the steam upon its other 
side. The size of the biast pipe opening is an important con- 
sideration, as if contracted the back pressure is greatly 
increased, but as the forcing of the fire depends very much 
upon it, it cannot be very large. The resistance also increases 
very much when the engine “primes” or “lifts water,” as 
then the back pressure may be increased as much as 70 per 
cent, more than would be the case with dry steam.

If obliged to pass through passages too contracted for it, 
the steam will be reduced in pressure or be wiredrawn. The 
most common causes of this are small ports, insufficient port 
openings, especially when the engine is notched up close and 
cutting' off early, or throttling, either in the steam pipes or by 
having the regulator partially closed. With the ordinary slide 
valve actuated by link motion there will always be a certain
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amount of wiredrawing, owing to the slowness with which the 
valve closes the port as the point of cut-oft' is approached.

It is not, as a rule, advantageous to cut off steam at less 
than 20 to 25 per cent, of the stroke of the piston, owing to the 
faet that the steam is wire-drawn by being fbreed into the cyl­
inder through so small a port opening, also the cushioning be- 
comes very great at this travel of the valve, and if the latter is 
arrangeel so that the cushioning is lessened, the comparative 
coolness of the exhaust steam would lower the temperature of 
the ports, etc., so that the entering steam for the next stroke 
would be further reduced in pressure by coming in contact 
with them. These various effeets depend upon the correctness 
with which the valve motion has been designed and con- 
structed, and the exact amount of influence which each has 
upon the engine, can only be determined from the engine itself 
by the use of the steam indicator.
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T H E  L O C O M O T I V E  O F  T O - D A Y . 1 1 9

S e c t i o n  I I I . — T H E  F R A M I N G , W H E E L S , e t c .

H
A V I N G  d e s c r i b e d  t h e  e n g i n e  i t s e l f ,  w e  h a v e  n e x t  t o  c o n -  

s i d e r  t h e  c a r r i a g e  a n d  r u n n i n g  g e a r . T h e  e n g i n e  a n d  

b o i l e r  a r e  a r r a n g e d  a n d  c a r r i e d  o n  a  f r a m in g  s u p p o r t e d  

b v  t h e  w h e e l s  a n d  a x l e s . T h e  f r a m e s  a r e  i n  E u r o p e  i n v a r i a b l y  

b u i l t  u p  o f  p l a t e s ,  u s u a l l y  f o u r  i n  n u m b e r ,  t h e  t w o  i n n e r  b e i n g  

t h e  m a i n  f r a m e s , w h i l s t  t h e  t w o  o u t e r  a r e  f o r s u p p o r t i n g  t h e  

f o o t p l a t e s ,  s p l a s h e r s , e t c . /  a n d  i n  a d d i t i o n  t a k e  t h e  b e a r i n g s  

i n  c a s e s  w h e r e  t h e y  a r e  o u t s id e . T h e  m a i n  f r a m e s  a r e  i n s id e  

t h e  w h e e l s ,  a n d  e x t e n d  t h e  w h o l e  l e n g t h  o f  t h e  e n g i n e — f r o m  

t h e  b a c k  o f  t h e  f r o n t  b u f f e r  p l a t e  t o  t h e  b a c k  p l a t e  i n  t e n d e r  

e n g i n e s , o r  t o  t h e  t r a i l i n g  b u f f e r  p l a t e  i n  t a n k  e n g i n e s . T h e y  

a r e  s t r o n g l y  s t a y e d  a c r o s s  f r o m  o n e  t o  t h e  o t h e r  a t  s u i t a b l e  

p o s i t i o n s i n  t h e i r  l e n g t h , t h e  c o n t o u r  d e p e n d i n g  u p o n  t h e  

c l a s s  o f  e n g i n e , a r r a n g e m e n t  o f  w h e e l s ,  e t c .

T h e  o u t s i d e  f r a m e s  a r e  u s u a l l y  t h i n n e r , a n d  w h e n  n o t  

u s e d  f o r  c a r r y i n g  b e a r i n g s  a r e  f r e q u e n t l y  o f  a n g l e  i r o n  s o m e  

6 - i n  d e e p  b y  3 - i n . o n  t o p  f l a n g e  t o  s u p p o r t  t h e  f o o t p l a t i n g s .

I t  w a s  f o r m e r l y  t h e  c u s t o m  t o  m a k e  “  s a n d w i c h  ”  f r a m e s ,  

w h i c h  w e r e  b u i l t  u p  o f  t w o  t h i n  p l a t e s  o f  i r o n  b o l t e c l  o n  e i t h e r  

s i d e  o f  a  p i a n k  o f  o a k  ; t h i s  p r a c t i c e  h a s  n o w  b e c o m e  o b s o l e t e  

a n d  p l a t e  f r a m e s  a r e  g e n e r a l . I n  A m e r i c a  t h e  p r a c t i c e  h a s  

a l w a y s  b e e n  t o  b u i l d  u p  t h e  f r a m i n g  o f  b a r s  s o m e  3 o r  4  

i n c h e s  s q u a r e  i n  s e c t i o n .

T h e  m a i n  f r a m e  p l a t e s  b e i n g  a r r a n g e d  v e r t i c a l l y  a n d  

i n s i d e  t h e  w h e e l s ,  t h e  s p a c e  t o  b e  o b t a in e d  b e t w e e n  t h e m  i s  

l i m i t e d , f o r a s t h e  d i s t a n c e  b e t w e e n  t h e  t y r e s ( u p o n  t h e  

s t a n d a r d  4 - f t . 8 | - i n .  g a u g e )  i s  4 - f t . 5 | - i n . , t h e  g r e a t e s t w i d t h  

o v e r  t h e  f r a m e s  m u s t  n o t  e x c e e d  4 - f t . 4 - i n .  o u t s id e ,  t h i s  g i v i n g  

f - i n . b e t w e e n  t h e  f r a m e s  a n d  t y r e s , l e s s  t h a n  w h i c h  i t  i s  n o t  

a d v i s a b l e  t o  a l l o w . T h e  f r a m e s  a r e  n o w  i n v a r i a b l y  o f  S t e e l  

p l a t e , r o l i e d  t o  t h e  t h i c k n e s s  r e q u i r e d ,  f r o m  i - i n .  t o  i | - i n .

F i g . 2 4  s h o w s  a  s e t o f  f r a m e s s u i t a b l e  f o r a n  e x p r e s s  

e n g i n e  h a v i n g  a  l e a d i n g  b o g i e , s i n g l e  d r i v i n g  w h e e l s , a n d  

t r a i l i n g  c a r r y i n g  w h e e l s , w i th  i n s id e  c y l i n d e r s  a n d  i n s i d e -  

b e a r i n g s  o n l y  t o  a l l  t h e  w h e e l s . T h e  d e p t h  v a r i e s  t o  s u i t t h e -  

d i f f e r e n t a t t a c h m e n t s , a t  t h e  l e a d i n g  e n d  i t i s  e q u a l t o  t h a t .  

o f  t h e  f r o n t  b u f f e r  p l a t e ,  t h e n  o p e n s  o u t t o  t a k e  t h e  c y l i n d e r , ,  

a n d  b e l o w  i t t h e  b o g i e  c e n t r e  p i n  c a s t i n g , t h e n  i s  r e d u c e d *  

a g a i n  s w e l l i n g  t o  t a k e  t h e  d r i v i n g  a x l e  b o x  g u i d e s  o r  h o r n -  

b l o c k , b e i n g  s t a y e d  a c r o s s  t h e  b o t t o m  o f  t h e  g a p  s o  m a d e  b y  

t h e  h o r n s t a y s . T h e n  f o r  s o m e  d i s t a n c e  a t  t h e  t o p  i t  i s  h o r i -
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zontal; upon this portion the expansion brackets ot the- bøiler 
slide. Below the frames are shaped out to take the- trailing 
axle box guides, being stayecl as before by the homstays, the- 
end being of a depth suitable for taking the footplate and 

trailing buffer plate.
The plates after marking are roughly punched out to 

shape, and are afterwards slotted or otherwise machined to the 
exact dimensions, then levelied by hammering or rolling, and 
finally drilled, the holes which are to have cold rivets inserted 
being made y^-in. less than the finished size.

The hornblocks, spring brackets, etc., are carefally fitted 
in their appointed places by chipping and filing, and the 
holes are reamered out to exact size, the bolts or rivets being- 
turned a tight driving tit in them. If the latter are hammered 
down cold the holes are better iilled then than would be the 
case with hot rivets. The hornstays are fitted and secured 
across the openings cut to receive the axle box guides.

The frames are next placed upright at the proper distance 
apart; the cylinders, bogie casting, motion plate and frame 
stays are put between and temporarily held by bolts, and the 
frames squared by having lines of fine twine stretched on each 
side outside them, and set equally distant. Two other lines 
are passed through the cylinders from a straight-edge fixed 
across the front of the frames, at the proper height, to another 
straight-edge placed across through the driving hornblocks, 
and fixed so that the centre line of the driving axle may be 
represented by its edge. The centre line of the cylinders, 
shown by the twine, will now intersect the centre line of the 

axle when the cylinders are set.
To be more nearly correct this imaginary centre of the 

driving axle is assumed by some builders to be from one to 
rtwo inches above the actual centre, to allow for the depression 
,of the springs due to the weight of the engine.

The lines are all pulled as tightly as possible, and the 
distances between them taken carefully in all ways, so that 
the frames may be free from all cross-windings or other 

inaccuracies.
All the holes are next opened out to finished sizes in the 

cylinders, bogie centre, frame stays, etc., and the rivets or bolts 
turned to fit tightly in them and secured.

In the plan at B the various stays, etc., are shown in 
position. The frames are set in at the leading end in order 
to increase the side play of the bogie wheels, and are supported 
by a strong stay of angle iron rivetted to them and the buffer 
plate. Next there are the cylinders, then the slide bar bracket 

ji.nd the frame stay fixed just behind the driving wheels and.
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arranged to clear the cranks. This latter is shown of cast 
steel, but very frequently it is built up of plate, with double 
angles holding it to the frames at each end. Between this 
and the footplate is the space for the firebox. The footplate 
,may be either built up, or be in the form of a cast iron box, 
made heavy in order to balance the weight of the engine. In 
some engines this box is made to form the compressed air 
reservoirs for the Westinghouse brake, thus saving the room 
which these require when built up of plates. It is in either 
case usual to make arrangements in this footplate for the 
attachment of the tender in various ways. In that illustrated, 
three bars with eyes at each end reach between engine and 
tender, and pins pass through the holes holding them securely 
together. The centre bar is the larger, and the side ones act 
as safeguards in case of breakage of it or its pins. Side chains 
are often used in place of the side bars. The tender has 
.short buffers which press against the plates shown on the back 
plate on each side of the central hole for drawbars. These 
are seen in the view of the back end shown at E.

The outside frames, as seen in the plan and cross sections, 
are of angles, and are mainly for taking the footplating, 
.splashers, cab, etc., being supported at intervals by gusset 
stays from the main frames to prevent them from sagging or 
dropping. An angle iron is also fixed to the main frames to 
take the other edge of the footplating. In the plan the out- 
line of the footplate is drawn. The overall width of it depends 
upon the construction gauge, but in this country it may not 
•exceed g-ft., and is usually arranged about 4-ft. 2-in. above 

rail level.
The buffer plate or beam is either as shown, of a single 

Steel plate, somewhat thicker than the main frames, or built 
up of two thinner plates, one on each side of a beam of oak, 
this being favoured by some makers to reduce the shock upon 
the frames when the buffers strike. The buffers are bolted to 
the plate at a distance apart of about 5-ft. 8-in., the clraw bar 
hook being passed through the centre of the plate and having 
a spring either of steel or indiarubber upon it inside.

In front of the engine attached to the frames on each side 
or in some cases to the buffer plate, are guard irons, which 
reach down to about 3 inches above the top of the rails, to 
remove any obstruction from them that would, if left there, be 

liable to derail the engine.
On some narrow gauge engines, and also on many old 

ones for the ordinary 4-ft. 8^-in. gauge, the inner frames do 
not extend the whole length of the engine, but only from the 
front buffer plate to the front of the firebox, to which they are
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attached by angle irons, so that the firebox itself becomes the 
frame for the remaining length of the engine. This is done 
in order to get in as wide a firebox as possible.

Fig. 25 gives an arrangement of bar framing as employed 
in America, it is shown for an engine with a leading bogie, 
four-coupled driving wheels, and outside cylinders with the 
steam chests on top, and the valves actuated by rockers.

A is a side elevation, at the front end the leading bumper 
is fixed, and to this the pilot, or cowcatcher is securely fastened; 
two lugs are formed upon the upper sides of the bar frames for 
the reception of the cylinder castings, which are carried across 
from side to side and form a frame stay there; the guide yoke, 
or slide bar bracket also reaches across and carries the slide 
bars on the outside of the frames and a plate between, which 
forms a support for the boiler. Another stay and boiler 
support is placed just behind this, in front of the driving axle. 
Close to the trailing axle is a fourth cross-stay, and the trailing" 
end is closed in by a casting which connects the end portions 
of the frames together, and takes the tender draw gear and 

buffing attachments.
The frames are each in two portions, the front carrying 

the cylinders, rockers, and reversing shaft brackets and the 
main portion carrying the axle box guides, or as they are 
called the “ pedestals ” ; these are formed of the same bars, 
but spread out a little wider than the other parts to form a 
better wearing face for the axle boxes; gibs or liners, usually 
made vertical, are fixed to the face nearest the cylinders, the 
other face being inclined and fitted with a wedge for adjust- 
ment; the bottom of the gap is closed and held from spreading 
by means of a clamp or hornstay. Two arms project forward 
from the driving pedestal, and between them the front frame 
is placed and held by wedges and bolts, a foot upon it also 
being butted up to the pedestal and fixed there.

In many engines, especially those having more than two 
pairs of coupled wheels, the main frames are built up and 
bolted together, instead of being welded as in the example, so 
that in case of failure or collision the damaged portions may 
be the more easily taken out and replaced than would be 
possible with whole frames. The front end is especially liable 
to accident, by head end collisions, and is therefore made so 
as to be detached without disturbing the main frames.

From the driving to the trailing pedestals, the frames are 
doubled, the upper bar being called the top rail and the lower 
one the bottom rail; they are stayed together vertically by 
blocks placed between them and fastened to each ; these form 
convenient means for the attachment of the brake hangers, etc.,
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and also act as expansion clamp bearers, for, as in the design 
illustrated, the boiler is entirely above the frames, the firebox 
bottom being made of a shape similiar in outline to the top of 
the frame, as represented by a dotted line; large plates are 
fixed to the sides and carried on either side of the frames for 
securing the boiler from side movement, but they permit of its 
sliding along when expansion from heat takes place.

As the frame bars are about 4-in. square in section, the 
distance they are apart transversely would permit of only a very 
narrow firebox, if it were placed between them, therefore in 
many recent American designs, the boiler is placed as 
represented.

The “ pilot ” is strongly built up and well stayed and 
supported by struts to the front bumper, which is usually of 
wood, it is also strutted from the bottom of the cylinder casting 
between the frames. The bumper is further supported by 
stays from the sides of the smokebox, these being shown at 
the front ends of views A and B, and upon the front elevation 
at C. The pilot is provided for removing any obstacles from 
the track, in the form of stray animals, etc., as many of the 
American roads pass through wild and unsettled country, with 
little protection from fences.

The cylinders are placed in position between the two lugs 
or projections forged upon the top of the front rail, they are 
firmly wedged between these and held by several bolts passed 
through the casting, which forms a frame stay as well as a 
support for the boiler and smokebox.

There are no outside frames provided as in European 
engines, the footplates or running boards being carried upon 
brackets projecting from the boiler at a consiclerable height, 
a step upon the side of the pilot enables a man to mount to 
the bumper, another step upon a support up from the bumper 
allows him to reach the running board, headlights, etc. These 
steps are seen in views A B and C.

D is a section taken just behind the cylinders, and shows 
the guide yoke and boiler support; the rocker shaft bearings 
are fixed to the frames and the guide yoke to them.

The back view of the end casting of the engine is shown 
at E, from it the method of securing the ends together and 
the large proportions of the cab will be seen ; this latter in 
America is much larger than here, as the loading gauge of 
the railways allows a height of 15-ft. 6-in. to the top of the 
chimney, as against 13-ft. here, and some 10-ft. in width, as 
contrasted with about g-ft. here, it is therefore possible to 
pitch the centre line of the boiler higher, and consequently 
have one of a larger diameter; then to secure a good view of
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the road for the driver, he can be accommodated with a 
seat in a wide cab, built practically over the rear of the 

firebox.
Returning to the engine plate frames, these are cut out to 

receive the hornblocks or axlebox guides, which are bedded 
down to them and secured as already mentioned. There are 
many patterns of such hornblocks, those now generally used 
being of cast Steel in preference to cast iron, but as the firm- 
ness and rigidity with which these are held to the frame is 
mainly dependent upon the bolts or rivets, it has been the 
practice with some makers to form them of wrought iron and 
weld them to the frames. With the separate castings it is 
customary to secure them with turned bolts or rivets, the 
latter hammered down cold. If bolts are employed it is best 
to rivet the threads at the outside of the nut, after the nut 
has been tightened up to prevent it from slackening back.

A pattern suitable for coupled wheels is shown at A, 
Fig. 26. It has a flange surrounding the ledge which fits in 
the gap of the frame, and holes are drilled for the reception ot 
the holding bolts or rivets. On the side nearest the front ot 
the engine a face is formed from 5-in. to 6-in. in width at right 
angles to the frames and vertical. This face is carried up and 
over the top of the axlebox gap and down the other side, 
where it has an inclination of about 1 in 10 to the vertical 
with a wide groove cut in it for the reception of a similar 
projection upon a block or wedge, which has its other face 
vertical, and of an equal width to the fixed face opposite. 
These two upright faces enclose between them the axlebox, 
and any adjustment due to wear, etc., may be made by raising 
or lowering the wedge by means of the bolt shown carried 
down through the hornstay. This bolt is screwed into the 
wedge and turned by the square at the bottom. When the 
required position is found the screw is secured by the nut 
below the stay being locked. The wedge is prevented from 
leaving its place when being fitted or when the box is out of 
place by the stud or sunk headed bolt which passes through a 
slotted hole in the hornblock and has a nut upon its outer end.

Oil holes are provided at the bridge across the top for 
supplying lubricant to the faces, and also to the axlebox bear- 
ing, pipes being often led from some handy place on the 

footplate.
The hornstay passes across from one face to the other to 

stiffen the frame. In the particular example shown it also 
forms a bearing for the coiled springs to press against, these 
latter being placed upon long bolts reaching down from the 
axlebox. When so employed, one bolt upon either side is
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sufficient to hold the stay up, lugs upon each side of the jaws 
also keeping them from opening; but when laminated springs 
are used, and are not in any way fixed to the hornstay, it is 
usual to have three or four bolts on each side, with split pins 
to secure the nuts upon them. Webs are carried from one 
flange to the other at right angles to strengthen them.

The frames have been found by experience to be weakest 
at the corners of the gap cut out for the guides, especially 
when fitted with hornblocks with no wedges, so that the 
■corners of the castings are well thickened up, and no bolt 

holes are located on this line of weakness.
Instead of being cast in one piece, the hornblocks are 

•often cast in pairs, one piece being fixed on each side of the 
gap in the frame, there being no connection between them at 
the top, except by the frame itself. This method is only used 
in places where the wheels are simply carrying- wheels, as in 
single leading and trailing wheels and bogies. They are 
cheaper to make and machine, but do not support the frames 
at the corners, and are therefore unsuitable for the coupled 
wheels. An arrangement is shown at B adaptable for outside 
leading or trailing bearings with overhung springs, the horn­
stay not being suitable for underhung springs, as it simply, 
consists of a long bolt passing through a hollow distance 
piece of the proper length to lit between the jaws.

It is most important that the faces of the hornblocks on 
each side of the engine shall be accurately in line, this can be 
proved by means of a long Steel straight-edge held to the 
faces after they are filed up or otherwise finished; to ascertain 
that they are square with the frames, a long square is held 
upon this straight-edge and tried with the lines stretched 
parallel with the frames on either side. If they should happen 
to be out of winding they must be adjusted by removing metal 
from one or other face as required and refacing them. A 
plumb line and square held to the face proves its perpen- 
dicularity.

Axleboxes are made of gunmetal throughout, or of cast 
iron or Steel with gunmetal bearings fitted to take the journal, 
the shapes being very varied. At C a gunmetal box, suitable 
for driving or coupled axles, with a hornblock as at A, is 
illustrated in section and elevation. The sliding faces on 
each side are of the same width apart as the jaws of the 
guides, and have flanges upon each side to guide the box 
sideways. It is turned out at the crown to take the axle 
journal, and closed in at the bottom by a cast iron or Steel 
keep or oil cellar. A stout pin is passed through holes in the 
legs of the axlebox, and upon it are placed two eyebolts which
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project clown through the hornstay for carrying the coiled 
springs. In some cases two smaller pins on either side 
parallel with the large one also pass through to secure the 

keep.
The keep acts as a reservoir for the lubricant retained in 

it, the latter being kept up to the under side of the bearing by 
means of pieces of sponge or horsehair preparations, worsted 
pads with springs being also used for this purpose.

The top of the box is cored out, both to lighten it and to 
form an oil receiver for supplying the journal. Holes are 
drilled through to a long channel, cut deep and broad along 
the top of the crown, so that the oil may be well distributed 
along the entire length of the bearing. Worsted syphons lift 
the oil out of the recesses at the top of the box and supply the 
channel. Strips of white metal are also let into the face of 
the bearing on each side of the centre line of the crown, both 
to reduce friction and act as a safeguard if the bearing should 
heat, as the softer metal melts and forms a lubricant itself 
which often saves the bearing from being cut. The white 
metal is run in and turned with the gunmetal.

When the boxes have been fitted to the guides all the 
centres are correctly set out, and the boxes are bored out and 
then fitted to the journals by chipping, filing and scraping. 
There is a difference of opinion as to how far the bearing 
should lit the journal, but it should not be allowed to touch 
quite down to the centre line, or there will be a tendency 
to bind here, and heated bearings will be the result. The 
oil recess along the crown and white metal strips have been 
found to prevent slackness and knock to a great extent, as they 
allow of most wear taking place in the crown. A thin cover 
plate of metal, with a strip of leather below it, is put on top, 

and prevents access of dirt, etc.
The amount of side play allowed both in guides and 

bearing is very small; in faet, in most cases, with coupled 
wheels especially, there is none recognised, the working fit 
providing quite sufficient for all practical purposes.

A box suitable for outside bearings and overhung springs 
is illustrated at D. The box is of cast iron, and is fitted with 
brasses which have the usual white metal strips along each 
side of the crown, but as the pressure is direetly applied to 
the top of the box by the spring pin, the centre of the crown 
has not got the wide oil groove provided in the previously 
mentioned example. The keep below is also of cast iron, and 
held in place by two pins passed through. Phese are prevented 
from coming out when the box is in position by the faet of the 

box sliding in the guides.
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To prevent dust, etc., from getting into the end of the box 
nearest the whsel wherc it is open, a, flat pisce of vulca,nite or 
other suitable material, with a hole cut through it for the axle, 

is fitted into grooves formed in the box and keep.
In order to get over knock due to side wear a box with 

side adjusting bearings is used on some French railways. It 
is illustrated in section at E. The box is similar in shape to 
the last example, but is fitted with a crown brass and a fixed 
side brass on one side, that upon the other being adjustable 
to the journal by means of a wedge, which is held by a bolt 
passing through a lug cast upon the bottom of the casing, and 
having check nuts upon each side of it. A keep, supported 
by two pins as before, contains the padding-, etc., which is 
held up against the lower part of the journal by wings pro- 
jecting into the oil space. Ihe spring pin takes a bearing- in 

the cup-shaped recess at the top of the box.
To gain flexibility in the wheel base of an engine not 

fitted with a bogie and having single leading wheels, it is a 
common ©xpeclisnt to make the box a, loose fit in the guides, 
so that the wheels may move sideways to an extønt when the 
engine takes a curve, but as the spring pin is above, and must 
not be moved sideways, it is placed in a recess in a cover 
plate, which has no side play allowed, the box sliding under 

it when it moves. This arrangement is on the box shown 
at D, but it is not satisfactory on an engine with a long 
wheel base, as the side play must be large to gain sufficient 

lateral movement, and the engine has a tendency to a 
“ nosing ” action on a straight road. Therefore, some form 
of controlling gear is necessary; some makers use springs and 

some swing links for this purpose, but the most common 
method is to form the top of the box into inclined planes, and 
have the bottom of the cover plate of a similar shape to suit, 
as shown at F ; if the engine with box so fitted has to take a 

curve the axle slides along, raising the spring with the cover 
plates, and when the straight road is again reached the 
influence of the planes causes the axle to resume its central 
position ; this ensures a steadiness in running not obtainable 

in plain axleboxes.
The wheels are made of wrought iron, cast iron or cast 

Steel. The first-named metal, however, has now been replaced 
to a large ©xtent by th.6 seconcl for goods and sliunting- 
engines, and the third for passenger and express engines. A 
cast Steel wheel suitable for a small inside cylindereel coupled 
engine is illustrated at A, Fig. 27, in which the boss is made 
large enough to safely take the strain due to the axle being- 
forced in and held, and also to take the crank pin for attach- 

9
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ment of the coupling rod. Ihe number of spokes or arms 
radiating from ths boss to tiis rim or frams depends upon the 
size of th6 wh.661, thsy bsing1 usually spa-csd about 10 or 11 
inch.es apart at th.6 rim. Ihe cross ssction v aries from an 
ellipse to an oblong' with rounded corners, according to the 
fancy of the designer; but in the cast iron variety, channel or 

H section is frequently adopted.
To ensure smooth running and even wear of tyres and the 

engine generally, it is necessary to balancs tiis reciprocating 
and revolving' weights of the motion, and with cast iron wheels 
as shown it is usual to cast the weights in place. In inside 
cylindered engines, the driving wheels on the crank axle hav e 
the balance weights placed on one side of the centre line of the 
axle and crank pin, the reason for this being that the power 
is applied to a point somewhat removed from the plane of the 
wheel. If the weight was exactly opposite. it would not cor- 
rectly balance, as the other crank which is at right angles 
has an influence upon it. The exact amount of offset is 
ascertained when the wheel is designed. It is usual to com- 
pletely balance the whole of the revolving and two-thirds 
of the reciprocating weights. In the leading and trailing 
coupled wheels the weight is placed exactly opposite the crank 
pin, and is much smaller, being only sufficient to balance the 
coupling pin and. boss, and half tiis sids rod. In the sketch, 
the fulf lines represent the outline of a driving wheel, and the 
dotted lines that of a leading or trailing coupled wheel.

In outside cylindered engines the balance weights are 
placed exactly opposite the crank pin, as the power is here 
applied approximately in the plane of the wheel, and the 
influence of the other crank is not felt.

With wrought iron wheels the weights may be forged in 
place, but it is more usual to fit them in afterwards and fasten 
by rivets passing through them and plates on the outside and 

inside of the spokes.
The hole for the reception of the axle is bored out, and m 

some cases has a recess about ot an inch deep and an inch 
larmer than the hole for the reception of a collar turned 011 the 
axle, this being done to prevent the axle from being forced on 
too far. Most makers also fit the driving wheels with a Steel 
key about 1 inch by inches in section, in a keyway formed 
halfin the wheel and half in the axle to prevent the wheel 
from turning upon the axle when working; but it is not 
customary to provide keys in the uncoupled or carrying- 
wheels as they are an unnecessary precaution. The axles are 
forced in cold by a hydraulic pressure of from 45 to 50 tons in 
in cast iron wheels, and from 80 to 120 tons in those of cast Steel.
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The section of the rim depends upon the tyre fastening 
employed.

In American practice cast iron has until recently been 
generally used for all wheels, but now Steel is being largely 
employed for the larger ones. When of cast iron they are often 
lightened by having the spökes and rim cast hollow, a form of 
which made with a very deep dish is shown in cross section 
at B. This setting out of the boss is done in order to secure 
a very long journal on the axle. The rim is hollowecl out as 
seen at the bottom of the sketch. This, in many examples,. 
is cast in segments to prevent the contraction, when cooling,. 
from straining the periphery.

Tyres are of open hearth, crucible or Bessemer Steel, 
one-third of the length of the ingot from the top being cut off, 
and the tyre blank made from the remainder under a heavy 
hammer, the centre is punched out in the direction of the 
length of the ingot, and the ring thus formed is rolied to the 
required section. They are then bored out in a lathe to 
the proper size and shape to suit the style of securing 
adopted. A small amount of shrinkage is allowed for, this 
being generally about one hundredth of an inch per foot 
diameter of tyre. The tyre is now heated to a black heat, 
placed upon the wheel and allowed to cool but not quenched 
in water, as this might make it brittle and liable to crack.

A variety of methods of securing the tyres on the wheels, 
in addition to the shrinkage, have been adopted, but we 
confine our remarks to three types. First, that of studding or 
bolting them on, in which case holes are drilled through the 
rim of the wheel into the tyre and tapped; set bolts are then 
screwed in. Secondly, the method shown at D, which is 
formed of a ring, turned, cut, and then sprung into a groove 
provided in the tyre and held by hammering the tyre down to 
it at intervals. Thirdly, by Mansell rings or a modification 
in which one ring only is used as shown at C, where the tyre 
has a lip sufficiently deep to take the side of the wheel rim 
and a groove upon its inside in which the ring fits, this is 
carried down exactly like the lip of the tyre upon the other 
side of the rim; rivets are then put in holes drilled through 
the ring, wheel rim and tyre lip, securing the whole together, 
so that when tyres are held by this method they may 
even be broken into small pieces and yet not fly from the 
wheel.

The outside diameter of the tyre is made up of the flange 
upon the inner side and the tread which bears upon the rail. 
The usual British form is shown at C, the flange projects 
down a little more than one inch, and is of the shape shown.
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The tread is turned off to an inelination of i in 20 to the  

horizontal thus coning - the w heels, this benig" done so that the  

face of the tread m ay be at right angles to the rail centre, as 

these are usually set at an inelination of about 1 in 20 to the  

vertical. It has been supposeel, too, that coning the w heels  

assists them on curves as the engine flies outw ards w hen  

passing round, and therefore the larger diam eter is on the  

outer rail and the sm aller upon the inner, as it should be ; 

experim ents have proved, how ever, that it is of little if any  

use for this purpose, but by coning them  they alw ays have a  
tendency  to centre them selves on the rails. Ihe driving  tyres 

of six coupled  and single express engines are generally m ade  

w ith flanges of reduced thickness, in order to allow a certain  

am ount of flexibility  to the engine, and save the crank axle  

from  som e of the side shocks received from striking the rails. 

For the sam e reason in engines w ith long w heel bases som e  

of the tyres are m ade “blind, ’ that is w ith no flanges at alj. 

They are then about 6^- inches w ide, so that freedom to  

pass curves is obtained, and yet the w heels do not lose  

their alignm ent w ith the other w heels to w hich they are  

coupled.
The A m erican shape show n at D for the outside of the  

tyre differs by  having  a slightly deeper flange, and is w ider 

overall.
U sually tyres w hen new  are from 3 to 4 inches thick at 

centre, and are allow ed  to be turned up w hen w orn until they  

are reduced to i| inches at the last turning. They are then  

allow ed to w ear | inch below  that, but m ust then be rem oved, 

as w ith such thin m etal the application  of the brake blocks  

and consequent generation of heat w ould expand the tyre and  

loosen it.
A xles are also of open hearth or Bessem er Steel, and are  

subject to severe tests before being accepted from the con- 

tractors, the ultim ate tensile strength to be 32 tons per sq. in. 

A  piece is taken  from  the  forging  and m achined to i|-in. square  

and  bent double  w hilst cold  w ithout sign  of  fracture. W ith  crank  

axles one  is often  taken  from  the  parcel and  tested  to  destruction  

by spreading  the w ebs by forcing w edg'es betw een them , and  

they  are  usually  taken  on  the condition  that the m akers replace, 

at their ow n cost, any that m ay fail before they com plete  

200,000 m iles.
A t E half a crank axle is draw n, the w heel seat being at 

the left, next the journal, then the outside w eb or cheek, the  

crank  pin, inside w eb and central portion. The other half is 

sim ilar, but w ith the crank turned at right angles to the one  

show n at E, as w ill be seen on the end elevation at F.
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It is difficult, especially when the steam chest is between 
the cylinders, to get the webs sufficiently strong, as the 
cylinders must be some distance apart, and the outer web is 
liable to be too thin, the crank having not only to turn the 
wheels but also support part of the weight of the engine. The 
inside web being further from the wheel is found to be more 
likely to break, and therefore it is often made thicker than the 
outer one, as the breakage of a crank axle is one of the most 
serious mishaps that can occur to a locomotive, especially if 
broken through tlie web. It is now customary to strengthen 
the webs with weldless bands of Steel rolled and blocked to 
the required shape, and slirunk on after heating when the 
webs have been machined. A common shape for these is an 
ellipse as shown, but they are to be seen oval, almost rectangular 
and circular. In the latter case bands are not used, as the 
webs are of ampie strength at the most usual place of break- 
4ge—midway between the axle and crank-pin.

To support the pin, which is the next most vulnerable 
part, some designers have a hole drilled through it and both 
webs, and a bolt put through with its ends either rivetted 
over, held by a head on one side and a nut the other, or as 
shown at G, screwed into a tapped hole in one web by a head 
outside the other.

Crank axles have been built up of separate pieces which 
are screwed together instead of being in one forging. In 
order to relieve the cranks of racking stram four bearings are 
often provided, one on each side of each wheel. The weight 
is then transmitted directly, and the bending of the axle by it 
avoided.

Straight axles are simple in shape, being round pieces ot 
metal of suitable diameters. A common form is shown at H, 
the wheel seat in this case is plain having no collar upon the 
inside; then the journal being smaller, with a collar at its 
other end, the central portion is again reduced in diameter. 
It is most important that all the various diameters should not 
abruptly change one to another, as by cloing this fractures are 
very liable to occur at these points; raclii of ampie sizes are 
therefore strongly recommended. Carrying this idea still 
further, some designers take one long sweep or double cone 
having no portion parallel. They have the disadvantage, 
however, of being somewhat more difficult to accurately fit 
the bearings to.

Axles for American engines are usually even simpler in 
shape, being either parallel throughout or as shown at I, in 
which the wheel seat and journal are of the same diameter, 
being separated on]y by a small fillet, against which the
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wheel bears when forced home, the central portion being 
reduced to a less diameter ; no collar is formed at the end of 

the journal.
In parallel axles, or in those which are larger in the 

centre than at the wheel seat and journal, a separate collar is 
often located at the inside of the journal and held by four set 
bolts as shown at J. On driving axles the eccentrics fulfil a 
similar function, and form the ends of the journal.

If the size of the journals is to be increased for more 
bearing area it is best to increase the length rather than 
diameter, as speed is an important factor in friction, and this 
is added to if the diameter is increased. It is not good practice 
to place more than 8 to 9 tons as a maximum upon one bear­
ing ; if more weight than this is to be carried bearings should 
be added at the other side of the wheel. In a few instances a 
bearing is provided in the centre of the axle.

In some cases, especially with single leading or trailing 
wheels, outside bearings only are provided, as they are more 
accessible, and allow more room between the frames for the 

cylinders, fireboxes, etc.
Owing to weaknesses of the road, etc., it is not always 

possible to put all the weight necessary for adhesion on one 
pair of driving wheels, consequently two or more pairs are 
connected together by means of coupling rods working upon 
crank pins projecting from the wheel bosses of inside framed 
eng’ines, or from outside cranks of those with outside frames. 
The holes for the reception of these pins are bored out after 
the wheels are fixed upon the axle, in a quartering machine 
provided with two heads having- boring- tools arranged at 
right angles to each other, with a sliding adjustment to suit 
different throws as required. The holes are bored out parallel, 
or with only a slight taper, and usually countersunk on the 
inner side. The crank pin is turned to tit with a projecting 
lip at the end, which can be hammered down into the counter- 
sink after the pin has been forced in with hydraulic pressure 
of about 45 tons. At K, a crank pin is shown with the part 
forced into the wheel boss on the left, then a collar against 
which the pin is pressed home and which also forms a distance 
piece to keep the coupling rod away from the wheel, next the 
journal, and lastly a smaller part on which a loose collar is 
fitted, secured by a taper screwed pin ; this holds the rod 

upon the crank pin.
At L a larger section of a portion of the lip and boss is 

shown, the view on the left being that of the end of the crank 
pin as it appears when forced into position, that on the right 
showing it when the lip has been hammered into the counter-
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sink. These pins are either of Steel, or of wroght iron well 
case-hardened on the journal and ground up true.

The coupling rods are either of iron or Steel, being usually 
made in one piece without welds. The cross section varies 
from a plain rectangle to different H sections, and is some- 
times parallel throughout, but perhaps more frequently thicker 
about the centre of the rod’s length. In some of the H section 
rods the grooves are deepened as they near the ends, thus 
leaving more metal in the middle, and strengthening the rod 
there, where experience has shown it is most liable to failure 
in service.

The ends vary somewhat in shape, but the solid eye 
illustrated at M, with a bush inserted in it to take the wear 
upon the crank pin, is very largely used. The bush is, in 
some cases, of cast iron with a thin layer of white metal 
immediately round the pin, in others, of plain white metal or 
gun metal throughout, and sometimes in the latter metal with 
grooves of white metal inserted similar to those in the axle- 
boxes, etc. It is prevented from turning in the rod by means 
of a taper pin, as shown, which passes through a hole half in 
the rod and half in the bush, or by a bolt which is screwed up 
through a boss formed at the bottom of the rod, and enters a 
hole in the bush, as shown at N ; a nut upon the thread of the 
bolt locks it in position. In other cases the oil cup is separate 
from the rod, and is screwed into a hole at the top, the shank 
upon it being long enough to project into a hole in the top of 
the bush. A simple key answers the same purpose in other 
rods.

In engines with more than four wheels coupled it is 
necessary that there should be freedom allowed for the rods 
to give vertically in their length, as the different pairs of 
wheels are moving over varying levels in running, and if they 
were in one rigid length they would be liable to be broken. 
A joint to allow of this movement is shown at N, where the 
prolongation of one rod has an eye for the reception of a pin 
which also passes through a fork upon the other length, the 
hole in the first mentioned rod is often bushed with a Steel 
bush, and the pin made a tight fit and held in the fork by a 
feather, so that all the wear is taken up in the bush, which can 
be easily renewed.

Another method is to fork one rod and form the other 
with a large eye to go between the jaws of this fork. These 
take a gun metal bush large enough to form a seat for the 
crank pin. The fork is made a working fit upon the outside 
of the bush, and so the rods get the required hinge action. A 
longer crank pin is necessary in this case. Entirely separate
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rods are also to ba seen, one of which will be near the wheels 
and the other on journals provided upon the pins, which in 
this case will project out a much greater distance, as the rods 
work in entirely different planes.

In the case of outside cylindered engines the coupling 
rods necessarily have the same stroke as the connecting rods, 
as they are upon the same crank pins ; but in inside cylindered 
engines the coupling rods are placed opposite the cranks, and 
are allowed a reduced throw, usually one to two inches less 
than the cranks. At times they are both upon one side, and 
the outer cranks are then provided with an even less throw. 
A reason for placing them so is that the wear upon the axle 
boxes is reduced, as the pull upon the coupling rod is taken 
direct by the connecting rod, instead of being reversed through 
the axlebox.

The wheels and axles are connected to the frames of the 
engine through the medium of springs, so that any shocks 
received by the wheels in running may be reduced and their 
effect lessened, and the liability of damage to the mechanism 
of the engine and to the road bed reduced ; further, the engine 
has not the tendency to mount the rails that it would have if 
the wheels and frames were rigidly fastened together.

The springs are of various designs, those built up of long 
flat plates one upon the other being known as “ laminated,” 
whilst two of such springs placed one on top of the other, but 
with their curvatures reversed, are termed “ elliptical those 
coiled out of flat section Steel, with different diameters at top 
and bottom to accommodate the one coil inside the preceding 
one, “volute”; or of round bar or “Timmis” section, 
of equal diameter throughout, “ helical ” springs.

Steel of the very best quality is invariably used for this 
purpose, and the completed springs are well tested in a scrag- 
ging machine before they are put under an engine to work.

A common form of laminated spring is illustrated at A, 
Fig. 28, in elevation and plan. Thirteen plates, 5-in. wide by 
1-in. thick, of varying lengths, are placed one on top of the 
other, the top one or master plate being the longest, and pro­
vided with eyes at each end through which pins pass to couple 
the springs to the frames. Ihe plates are all held together at 
the centre by means of a buckle of wrought iron, which is 
shrunk on to them, with a long rivet passing through the 
plates and buckle and rivetted over at top and bottom. To 
keep the plates from moving sideways nibs and slots are pro­
vided in all except the bottom one.

Another-shape for the eye at the end of the master plate 
is sketched at B, and is used for underhung springs in which
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Fig . 28.—Spr in g s a n d Ge a r .
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the brackets at the ends work upwards. At C a type much 
used on Continental engines is illustrated. £n this the hanger 
is not attached by pins, but passes through a hole in the 
plates, and has blunt knife edges formed upon either side, 
which bear upon the spring in the hollow made by the top 

plate being turned back as shown.
At D a buckle is shown in which, instead of a rivet as at 

A to hold the plates, each has a depression upon its lower side 
and a corresponding projection upon the other, which engages 
in the depression of the next plate, and the bottom plate has 
the end of a set bolt screwed into it through the buckle, thus 

holding all the plates together.
At E the plates have the rivet passeel through them only, 

and not through the buckle, being rivetted up before the 
buckle is placed in position. A long narrow slot is made in 
one or both sides of the buckle, so that any defeetive or broken 
plates may be easily detected. This form of buckle is common 
on the Continental railways and has advantages in facility for 

examination.
An enlapged sketch of the nib and slot is shown at H. 

The upper plate has a punch driven into its top side, pressing- 
out a nib on the under side, which works in a long narrow 
slot punched out of the next plate ; thus the plates have per- 
feet freedom to slide along each other as the weight is applied, 

but cannot slide sideways.
The camber or amount of curvature allowed a spring is 

measured from a straight line through the centre of the end 
suspending pins, or from the point of support to the top of the 
top plate, and varies considerably. It should not be too much, 
as the more camber the less flexibility, and in theory the 
spring should be about straight when the maximum load is 
applied; however, in practice it is usual to allow them to have 
about 3 inches even tlien, as it is easier to get at the hornstays, 
pins, etc., and have shorter suspending links in many cases. 
On Continental engines the springs are often made straight, 
and when the load is applied they form a reverse curve.

A coilecl spring of Timmis’ section is shown at F. It is 
used under an axle box, as illustrated on the frame draw- 
ing, Fig. 24, two or even three of them being employeel 
for one box, depending upon the weight to be supported. An 
enlarged section is shown at G, Fig. 28, in which it will be 
seen that the Steel has two thick parts, one outside and one 
inside, with a web connecting them. These thick parts are in 
different planes to prevent the spring from taking a permanent 
set, and to give greater resiliency. The outer thick parts are 
deeper than the inner ones, and alone come in contact when
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the springs are driven home, this being found to reduce break- 
ages and prolong the life of the springs.

An arrangement of underliung spring and gear suitable 
for a clriving axle box is shown at J. The spring is similar 
to that at A, being coupled to the axle box by a link and pins. 
A large pin passes through the horns of the box and the top 
of the link; another one at right angles to it passes through 
the forks upon the buckle and the link, the spring having 
freedom to swing in either direction upon these pins. The 
ends of the spring are coupled to the frame by hangers and 
pins, which allow the spring freedom to lengthen when loaded. 
When springs are so fitted and hung, and the weight upon 
the wheels requires to be adjusted, it can only be done by 
changing the spring and substituting one with more or less 
camber, according to whether a greater or less weight is to be 
carried on the wheels.

At K is shown a somewhat similar arrangement, but 
instead of the springs being coupled direct to the frames, 
washers of inclia-rubber are inserted between to form a cushion 
for the springs and lessen the shocks upon them. Brackets 
are carried down from the frame, and through holes in them 
the bolt of the hanger passes; below, an inverted cup is placed 
on it and the rubber cushions put on, each being separated by 
a thin metal washer. A thicker washer is used for the last 
and then two nuts, one checking the other. The weight can 
here be adjusted by means of the nuts and screws without 
changing the springs.

As all the-axle boxes fitted with independent springs are 
permanently loaded with the full weight to be carried by them 
it follows that, as the wheels pass over inequalities of the rails, 
this weight per axle may be largely increased for the time 
being'; therefore many engines have two or more pairs of 
wheels fitted with compensating or equalising levers or beams, 
so that the rising and falling' of the wheels mentioned may be 
accommodated without causing an undue load to be carried 
by any one box. With these beams every shock to one 
wheel and spring will be in part taken by the next to which 
they are coupled, thus lessening the injurious effects. This 
equalising is common in Britain and on the Continent, and is 
universal in America.

At L a form of compensating gear, cbnnecting the clriving 
wheels of a four wheels coupled engine is shown. The outside 
ends of each spring are hung to curved brackets attached to 
the frame, the inner ends being in a similar way attached to 
either extremity of a beam, which is pivotted at its centre to 
a carrier fixed to the frame between the coupled wheels. The
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ends of the spring- are not provided with pins as in the last 
case, but the top plates are turned over to form solid pieces. 
which fit into sockets in the hangers, These latter have the 
top forged in one with the sides, which are carried clown on 
each side of an eye forming the top of the hanger bolt, and a 
pin passes through to make a hinge about which the spring 
may move when the load is appliecl. Nuts on the screws of 
the hanger bolts allow any necessary adjustment to be made.

It will be seen from this that in effeet the weight of the 
engine is mainly carried at the pivots of the beams, and as 
the bogie carries its proportion of the weight at its centre, the 
engine is practically carried on three points, the most favour- 
able method for obtaining stability in running.

In the case of engines with more than fbur wheels coupled 
it is not usual here, when equalisers are used, to provide all 
the wheels with them, but only two pairs, the remainder having 
independent springs. Sometimes, however, they are coupled 
across the engine by one transverse spring, with an end bear- 
ing upon each axle box. In America the whole of the wheels 
are invariably equalised, and in engines with many wheels 
this is often arranged for in groups; for instance, in “ Con- 
solidation ” engines, which have four pairs of wheels coupled 
and a leading “pony truck,” the truck and the leading coupled 
wheels are in one group and the remaining coupled wheels 
in another, coiled springs being often placed on the extreme 
hangers of each group, for the same reason that the rubber is. 
used in the type shown at K in addition to the laminated 

springs.
The use of coiled springs is also common there, and at M 

is shown an example of equalising in which they alone are- 
employed. The beams themselves rests on the axle boxes,. 
and the springs are placed on the hangers, the pair being 
coupled together through the medium of bell cranks pivotted 
to brackets attached to the frames. Screws and nuts are pro­
vided on the hangers for giving the required tension to the 

several springs.
To obtain lateral flexibility in the wheel base various 

means are adopted. With coupled wheels which are neces- 
sarily rigid being all connected by rods, some are occasionally 
provided with blind tyres or reduced flanges, as has been 
already mentioned; but when the driving wheel base is not 
too long, as in four wheels coupled engines,, the remaining 
wheels are provided with one of several methods of allowing 
lateral play. Firstly by a four wheeled bogie or truck, secondly 
by a two wheeled bogie or pony truck, thirdly by radial or 

sliding axle boxes.
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Fig . 29.—Fo u r -w h e f .l e d Bo g ie .
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In some cases, especially in engines fitted with a four 
wheeled bogie, all the flexibility is provided at one end ; but 
when the other means are employed, they are often placed at 
each end of the engine with the rigid wheel base between 
them.

The four-wheeled bogie is made in various ways, the 
simplest being in the form of a frame having four axle boxes 
to take bearing on the axles, and a top with a large hole in 
the centre, through which a pin fixed to the main framing of 
the engine passes, and about which the bogie works. This 
arrangement lias onty freedom to move as a pivottecl structure, 
for being' unprovidecl with lateral displacement, the flexibility 
of the engine is entirely obtained by the bogie partially 
turning. It follows, therefore, that this form of bogie is best 
when the centre pin is not placed exactly in the centre of the 
distance between the two axles, but when nearer the trailing 
axle, as then the movement is mostly with the leading axle, 
and the centre line of the engine is less affected.

Fig. 29 illustrates the Adams type of bogie. Four wheels 
are placed with the axle boxes in guides in frames consisting 
of two flat plates held by a cross stay in the centre with a 
large transverse opening in it, exactly midway between the 
two axles. This has a faced horizontal surface on either upper 
side, with the ends closed in by cast iron boxes. Through 
holes in these, pins are passed having upon them the side 
controlling rubbers separated by thin metal plates. The 
transverse slide has projecting over upon each side of the part 
that fits the opening a ledge which engages upon the sliding 
faces on the cross stay, and the side rubbers are placed on 
each side between the slide and the distance pieces, an initial 
compression being given to the rubbers, the amount of which 
depends upon the average speed for which the engine is 
designed, being more for high speeds. The slide has an 
annular clish in its upper side and a hole through the centre 
for the centre pin. A large rubber pad is placed in the dish, 
and the bogie pin frame, which is fastened to the main engine 
frames, having a similar dish in its under surface, bears upon 
it. A long centre bolt passes through the whole, and a 
washer and nut is placed below. This pin, however, does not 
work, but is placed as a precaution against any parts leaving 
the engine in running.

On the top of the axle boxes the ends of two cradles are 
carried one on either side; the springs are held down by long 
bolts having- eyes to take pins through the buckle. These 
pass through the distance pieces at each side, and have india- 
rubber washers upon them below to reduce the shocks to the
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springs. The ends of the springs are connected by suitable 
hangers to the cradles, so that as the engine is running the 

weight carried upon each axle box is equalised.
A is a longitudinal section of the bogie, with tne slide 

and rubber pad shown at the centre, and the axle boxes, etc., 
at each end. B is a plan, the lower half in elevation showmg . 
the cradle which is built up of two plates, the ends ot which 
are filled in with a suitable block for bearing upon the axle 
boxes, whilst the centre portion is swelled out to clear the spring 
buckle ; hangers are provided with pins at the required distance 
from the centre. The top left hånd box is in section, and the top 
rig-ht hånd box in elevation showing the shape of the projections 
upon which the hollows in the cradle ends rest on the top ot 
the boxes. C is a half transverse section through the centre 
of the bogie, D is a half transverse section through the axle 
box. etc., and E a half end elevation, showing the distance 
niece and stav between the frame plates of the bogie.

Bodies are often made with the frames much nearer 
to^ether than that illustrated, with the springs, cradles, etc., 
outside them; the rubbers being dispensed with and the 
centre made metal to metal, with the side play controlling 
springs of plate or coiled Steel springs. Also, mstead ot the 
cross slide travelling in a straight line the guides are some- 
times made curved to a radius, but it is very doubtful 11 there 
is any corresponding advantage to compensate for the extra 

cost of making these radial guides.  . '
In running, when an engine fitted with this bogie takes a 

curve, the frame partially revolves rouncl the centre pin, and 
the slide moves over towards the side the curve leads, com- 
pressing the rubbers on one side, whilst those upon tne otlier 
side assist the engine in smoothly following the bogie; on 
regaining the straight road, the rubbers return the frame to 
the centre line of the engine and retain it steadily there.

The weight carried upon the whole bogie usually corres- 
ponds to that carried upon the next pair of drivers, so that 

the load upon any one part of the rails is half that upon t ie 
drivers when the bogie leads, the rails being thus gradually 
forced down to a bed, ready for taking the heavy weight that 

follows. . ,
The Stirling bogie has a different side controlling gear. 

The bogie frame stay is of hollow form with a pivot behind 
the transverse centre line, and on the longitudinal axis oi the 
boffie ; the bogie centre pin moves freely in a slot in the frame 
stay. On the opposite side of the bogie centre to the pivot 
are two sockets standing out at an angle to the centre pin, 
thus forming a Y with the bogie centre at the fork; the pivot
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at the bottom and the arms, which are carried through the 
sockets, have placed upon them rubber pads and nuts, so that 
as the bogie moves sideways for the passage of a curve the 
rubber pads upon one arm are compressed, and on returning 
to the straight both rubbers steady the engine. All the 
bearing springs in this type of bogie are made independent of 
each other and not connected by a craclle, the weight is 
carried as before on a cross frame, or upon slides at each side 
of the bogie.

The American type, or swing link bogie, differs from the 
last described, in that the controlling gear is vertical instead 
of horizontal. The framing, which is there usually of bars, is 
arranged in the form of a large square, with pedestals or 
guides for the axle boxes attached, transversely across the 
frame two other bars pass on each side of the centre and 
can-y a casting-, which is recessed at the top to receive the 
bogie pin fixed to the main frame of the engine, this centre 
is coupled to the crossbars by hanging links from projections 
upon the sides of the centre plate, reaching up and coupled at 
their top ends by pins passing through the crossbars, so that 
the bogie may turn about its centre, or swing towards either 
side without affecting the centre line of the engine, and the 
whole is centred by the weight carried upon the bogie. Side 
controlling- springs are in some cases fitted to assist in keeping 
the engine steady on a straight road. A centre bolt passes 
through the whole structure as before, to .prevent the engine 
from jumping up and allowing the centre pin to get out of the 
shallow hollow in the centre plate in which it bears, when 
running over an irregularity in the road. The axle boxes are 
coupled together by means of a cradle, and one spring acts. 
for two boxes, as in the Adams’ bogie. The swing links have 
great smoothness of action, and less friction than slides and 
springs, and are therefore very much easier, and lessen the 
strain upon the leading flanges when taking a curve. Although 
this type is called the American, a very large number of 
engines there are fitted with the rigid centre bogie, which has. 
turning but not lateral motion.

When the weight carried by the leading end is not exces­
sive, or for other reasons a bogie is not used, a single pair of' 
wheels are employed, one method of providing such a single 
pair with a radial motion is as at A, Fig. 30, which is a side 
elevation of a Bissel truck. It is of a form usual in America 
for “Mogul” or “ Consolidation ” engines. A rectangular 
frame of iron about 4-in. deep by i-in. wide has fixed to it 
guides or hornplates, which are carried down, and have the axle 
boxes sliding between them; projecting upwards on each

10
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Fig . 30.—Bis s e l  Tr u c k  a n d  Ra d ia l  Ax l e Bo x e s .



Th e Fr a min g , Wh e e l s , e t c . : Bissel Truck. 147

side of the centre are lugs, through which pins pass, carrying 
the upper ends of the swing links, and a large centre casting 
is held in a socket fixed to the main engine frame, with pro- 
jections to which the lovver ends of the links are coupled, so 
that the frame can freely move laterally without affecting the 
centre line of the engine; the frame and with it the axles, etc., 
all swinging upon the links.

To the back of the above mentioned frame is fixed another 
one well stayed and V shaped, pivotted at its apex by a pin 
to a frame-stay between the main frames of the engine. This 
Controls the movement of the truck, and prevents the wheels 
and frame from turning upon the centre piece, and taking up 
a position at right angles to their proper centre line, as they 
might do when the engine moved, and they were not held by 
the pivot.

The axle boxes slide in the pedestals, and upon the top 
and at each side of the boxes beams bear, which reach down 
and carry at their ends bearers for the springs, which are of 
the coiled type, and are compressed by the weight between 
the bearers and the bogie frame. The weight is transmitted 
through a compensating lever coupled at its one end to the 
leading coupled wheels of the engine, and bearing upon a 
point in the centre casting of the bogie at the other, being 
pivotted at, or near its centre to a frame stay. When more 
or less weight has to be carried upon these different pairs of 
wheels so connected, this pivot has, of course, to be nearest to 
that pair which carries most weight.

B is a plan of the arrangement, C is a half cross section 
through the centre, showing the swing links clearly, and D a 
half end elevation. The weight placecl upon this bogie 
centres it as in the four wheels bogie with similar swing links.

When the swing links are arranged as shown, with their 
bottom pin-holes doser to the vertical centre of the engine 
than the top ones, they have the advantage over those placed 
exactly above each other, for when the engine goes round a 
curve it swings over and the outer wheels are made to take 
the greater weig'ht, which allows the inner wheels greater 
freedom to do the inevitable slipping upon the shorter rail 
length inside the curve. Links arranged exactly vertically 
will simply swing over and approximately the same weight 
will still be carried upon each side of the bogie.

Another method of obtaining a flexible wheel-base is by 
means of a radial axle box, which allows a movement similar to 
the above, but in a different way. Instead of the movement 
being controlled by a centre pin about which the wheels radiate; 
the axles are fitted with boxes which are of a form such that
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they can slide in curved guides, attached to the engine-frames, 
and are thus prevented from partially revolving about the 

centre of the pair of wheels.
At E is shown one form of such a radial box, in plan, half 

section and lialf elevation. The curved guides are made of 
Steel frame plate, and are bent to the required shape and 
radius, usually in a hydraulic press; they have sliding between 
them the axle box which is wide enough to reach across from 
one journal to the other, and has fitted in it gun-metal 
bearings for each journal.

As a pair of wheels such as shown at E, require a large 
amount of side play, about ij-in. upon each side of the 
centre is often allowed, and some form of controlling gear 
fitted to make them keep a steady central position when the 
engine is upon a straight road. In the type under notice this 
gear is in the form of an elliptical spring laid upon its side ; 
the axle box having underneath at each side of the centre, 
lugs projecting down, carrying screwed pins which are adjusted 
by means of nuts upon each side of the lugs, so that any 
required initial load may be put upon the spring. The spring 
is kept in its place by being passed through a narrow slot, 
wide enough to take the buckle at one side of the guides, and 
through another sufficient in width for the plates at the other; 
the wider slot is then reduced to the width of the narrow one 
by a keep plate bolted on the guide, thus preventing the 
spring from rising up when the pressure comes upon it. The 
buckle slides in another slot at the centre as the curves are 
taken by the engine.

The weight is applied through the medium of independent 
springs placed above, the centre of which bear upon slippers 
which slide in curved guides upon the top of the box, and of 
the same curvature as the radius of the box, the axle box 
sliding under the shoes as it moves. F is a half cross elevation 

of this form of axle box.
G shows another radial axle box, which has a much less 

length of radius than the former one, and has a side controlling 
gear of coiled springs arranged above the axle. A projection 
above, in the centre of the axle box, which also takes both 
bearings, has a spring upon each side of it, and two lugs 
reach down from a frame-stay of the engine and hold the bolt 
upon which the springs are placed, and also take their thrust. 
The bearing springs are on top and the pins slide in shoes as 

before.
The advantage the Bissel bogie has over the radial axle 

box is easier action and. less friction, as the swing links offer 
much less resistance tban the curved guides and bearing
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spring shoes; a disadvantage is, the links have to be made a 
very slack fit upon the pins, as the twisting movement upon 
them has to be allowed for, the lower ends of the links benig- 
fixed to the engine swing in a direction at right angles to its 
length, but the upper encls have to travel in a radial line 
struck from the centre of the pivot.

The methods of obtaining flexibility by means of lateral 
movement, without any radial or revolving play, have been 
mentioned in the description of axle boxes.

We will now consider some of the miscellaneous fittings 
necessary for the running equipment ot the locomotive. The 
hauling power depends upon the tractive force, that is, the 
power exerted by the steam acting upon the pistons in the 
cylinders transmitted through the mechanism of the engine to 
the drivers operating in conjunction with the adhesion, the 
latter representing the frictional resistance due to the weight 
placed upon the driving wheels. This must always be greater 
than the former, or the wheels will be made to revolve upon 
the rails, and “slip ” without moving the engine at all. With 
sufficient adhesion the wheels will revolve, and instead of 
slipping the whole engine and train to which it is attached 
will move along the rails in the direction desired.

The adhesion or resistance to slipping- may, therefore, be 
said to be dependent upon the weight placed upon the drivers, 
but qualified by the condition of the rails. The friction between 
these two varies very considerably according as the latter are 
wet, dry or greasy. When dry and clean a tractive power 
exceeding one-fourth of the adhesive weight will cause slipping, 
when dry and sanded about one-third; in wet and frosty 
weather the friction is reduced to about one-sixth. Under 
ordinary working conditions—dry without sand, or wet with 
sanded rails, it is about one-fifth.

In order to be able to work under the most advantageous 
conditions and obtain as mueh adhesion as possible, it is the 
practice to fit sand boxes upon the engine in convenient 
places for allowing sand to run upon the rails when there is a 
tendency for the drivers to slip.

In Fig. 31 at A a sand box suitable for an engine with 
coupled wheels is shown. It is of cast iron, and is formed in 
one with the wheel splasher. The sand is filled in through 
the oval cover at the top, and is allowed to fali out by partially 
revolving a small “butterfly” valve at the bottom, which 
uncovers two holes over the sand pipe leading' to the front of 
the wheels. The gear necessary for working the valve is 
worked from a lever in the cab, and the sand is allowed to run 
on both rails at the same time, the rod shown in plan passing
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across between the sand boxes, under the boiler, and operating 
both sand valves simultaneously.

At B an enlarged section and plan of the outlet valve is 
shown. The valve of cast iron has a pin upon it below, fitting 
in a hole in the sand box, and a square above, upon which a 
Socket on the spindle is placed; this spindle passes up through 
a guide nut, and carries a crank above for actuating it.

The sand is well dried by being baked in a kiln and sifted 
through a screen, the mesh of which is less than the hole in 
the sand box through which it must pass to the sand pipes.

When there is a strong side wind, or when the engine is 
running round a sharp curve, it often happens that the sand 
from pipes as shown at A fails clear of the rails; or if the 
engine slips and cannot be moved at all, the sand will not g'o 
under the wheel, and the fireman must get down and push it 
under with his shovel. To overcome these difficulties it is 
now usual to fit up a steam sanding gear, so that the sand 
may be driven under the wheel to the point of contact with 
the rail. Messrs. Gresham & Craven’s steam sander is shown 
at C as fitted to the front of a large wheel. The sand box 
forms a frame stay between the inner and outer frames, and is 
carried down below them. To the bottom of it the “ sand 
trap ” is fixed; from this a pipe leads down to the sand 
“ ejector/’ to which steam is also led, and carries the sand 
through a pipe directly under the wheel.

D gives an enlarged section of the trap. The sand enters 
above and filis the pocket, but is prevented from passing out 
by the lip projecting up above the level of that reaching down. 
When, however, steam is admitted to the ejector below, a 
partial vacuum is formed in the pipe, and air rushing up the 
beil mouth carries sand over the ledge with it down the pipe 
to the ejector. E is a section of the ejector: steam enters 
through a small pipe and issues from the nozzle, inducing a 
stream of sand as clescribed. Any moisture that may be 
formed in the steam pipe can escape out of the small hole at 
the bottom of the ejector.

The steam valve on the boiler for operating this apparatus 
is specially arranged to prevent any leakage passing to the 
ejectors when not in use, and the pipes from it must not have 
any “ pockets ” to retain condensed water in, but must be led 
as straight down as possible, and the “tee” connecting the 
two ejectors, one on either side of the engine, must be placed 
as nearly midway between them as practicable, so that the 
quantity of sand delivered will be equal on each side.

Compressed air is also used for driving sand under the 
wheels, and sometimes the discharge from the drivers valve
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of the Westinghouse brake is carried up to the sand box to 
sand the rails when the brakes are applied. In Europe it is 
customary to place the sand boxes upon or below the level of 
the footplate, but in America they are almost universally 
placed upon the top of the boiler to give the sand a good fail; 
and this is made use of in some cases by causing the down 
pipes to have a “pocket” in them, or a slight rise in some 
part of their length. The sand is then retained in the boxes 
without valves, as it will not rise owing to the friction. Com- 
pressed air is admitted to the top of the sand box to overcome 
this and Control the supply.

Different designers sand different wheels. In some six 
coupled engines the leading coupled wheels are sanded, in 
others the driving wheels only, the object being in this latter 
case to save the coupling rods from the great strain which 
must inevitably be thrown upon them when the sand gives 
the necessary grip between the wheels and rails.

As little sand as possible should be used, as sanded rails 
offer more resistance to the passage of the wheels of the train 
than clean ones do ; and, further, sand should nevet be applied 
to the rails when the engine is slipping and the regulator 
open, as the sudden shock due to the stoppage of the wheels 
when the friction between the wheels and rails is inereased is 
liable to cause a rupture of the working mechanism of the 
engine, bent coupling rods, broken crank pins, and even 
broken crank axles having been caused by this bad practice. 
The regulator should be closed and the slipping stopped 
before sand is applied, and then the reg'ulator opened 
gradually, so that the power will be steadily developed to 
avoid jerks and snatches.

The buffers with which all engines on the standard gauge 
railways of this country are provided next claim our attention. 
They are attached to the buffer beam with their centres about 
3-ft. 5-in. above the level of the rails and 5-ft. 8-in. apart, 
centre to centre, to meet those of the carriages and wagons 
forming the train. At F, a section through a common form 
of buffer is given. It consists of a hollow piunger fitting 
easily in a casing which has a bottom plate rivetted to it; this 
has a hole through which a centre pin passes. Within the 
piunger is a block of hard wood and a coiled Steel spring; 
tlie centre pin passes through a countersunk hole in the 
head, and after the whole has received an initial com- 
pression it is secured by a cotter behinel the back plate. 
This form of buffer requires a hole in the buffer beam 
to permit the centre pin to travel when the piunger is 
driven home.
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A type of buffer used on the Continent is illustrated at 
G. In this the casing is similar to that last described, 
but the back plate is of cast iron formed to receive the nut on 
the centre bolt and allow of its travel when the buffer is com- 
pressed ; the spring in this case is made up of a number of 
separate dished discs placed upon the centre pin with their 
curved faces arranged to meet alternately.

There are innumerable other designs of buffers, but the 
principles underlying all of them are the same as those 
illustrated. Many have indiarubber cushions instead of Steel 
springs, this material being very suitable for withstanding the 
severe and sudden shocks to which the buffers are subjected 
in service, and which often prove fatal to Steel springs.

A screw coupling is drawn at H. The draw hook has 
a shank which passes through the buffer beam at the centre 
of the engine, and has Steel springs as shown or indiarubber 
cylinders held by a nut and split pin. Through a hole in the 
hook a link of the shackle is passed, a swivel being attached 
to the two ends of the shackle securing them and the screw 
together. The screw is revolved by means of the hanging 
arm, and turns in a nut fixed to the other link of the shackle; 
this second link is hooked upon the next vehicle, and as the 
screw is turned the necessary tension is secured, whilst the 
weight hanging clown prevents the screw from slacking back 

in running.
On narrow gauge stock the side buffers are usually dis­

pensed with, and the draw hook is made in the form of a 
combination of buffer and hook, the only point of contact 
being, therefore, on the centre line of the train. This is no 
doubt the most suitable place for this purpose, as the power 
required to compress the inside buffers of a long train when 
taking a curve is very great, and entails consiclerable work 
upon the engine.

In America the central combined method of attachment 
and buffing is universal both for goods and passenger service, 
the couplers of adjacent vehicles coupling on impact, and 
being uncoupled by means of a lever at the side. There is 
thus no necessity for anybody to go between for coupling or 
uncoupling. The extra flexibility obtained by the use of this 
method of attaching the several vehicles together, added to 
the flexible wheel base of all the stock, makes the American 
train, although heavier in build, comparatively easy to haul.

Having dealt now with practically all the working parts 
of the mechanism of the engine, Reference must be made 
before concluding the section on the running gear, etc., to that 
necessary item, lubrication. The lubricating medium—oil,
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Fig . 32.—Lu b r ic a t o b s .
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grease or tallow—has to be delivered to the exact part 
intended by means of one or other of various forms of 
lubricator. For oil the simplest is the oil cup, shown at A, 
Fig. 32 It is of cast iron or brass, and has a tube inside it 
reaching nearly to the top, and leading down to the bearing 
requiring' the oil ; the top of the cup is slightly reduced in size 
by having a lip cast round it to prevent the oil from splashing 
out when the engine is running. A wick trimming is placecl 
in the tube, of such a tit that the oil may pass in the desired 

quantity to the bearing.
The trimmings are either of the “plug” or “ tail kind, 

according to the position of the part lubricated. Flug trim­
mings are fitted to oil cups, which are subject to violent move­
ment, such as those on the big and small ends of connectingrods, 
eccentric straps, etc., and are made by taking a loop of copper 
wire and wrapping strands of worsted round it, then pushing 
the whole into the oil hole, leaving the top of the worsted 
about } inch below the top of the pipe, and the bottom about 
1 inch from the bearing. A loop formed of the copper wire 
prevents the trimming from being worked down the pipe. As 

the oil is thrown about by the movement of the part to which 
it is fixed some of the oil lodges in the recess above the plug, 
and slowly percolates through it to the bearing. W hen the 
part to be lubricated has no movement apart from that of the 

whole engine, as slide bars, axle boxes, etc., “tail trimmings 
are used. They differ from the other form by having- the ends 
of the worsted hanging over into the oil reservoir to lift or 

“ syphon ” the oil over to it by capillary attraction.
Plugs are more economical as they only supply oil when 

the engine is running and needed ; therefore they are now 
used wherever possible, and often in places where “ tails 

were at one time employed.
On connecting and coupling rods the oil cup is usually 

forged on and machined up to the required shape. At B an 
oil well for a connecting rod big end is shown. The well is 

bored out and the internal pipe left standing up in the centre 
with a hole drilled down to the bearing. The top of the 

lubricator is closed by a screwed cap having a hole, in the top 
for the admission of air. To prevent the oil from being thrown 
out as the rod revolves, it is usual to close this hole with a 
plug of cork or cane, which being porous admits sufficient air 
to allow the oil to pass out. A modification of this oil cup for 
a coupling rod end is represented at C, forged solid as before, 
but instead of the wick trimming and porous plug, a bent pin 
hangs over the oil pipe, with one end inside and the other out. 
As the rod end moves the oil splashes on to the pin and works
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over and down the pipe. T he top is fitted with a spring 
button, held upright by having a hollow stem fitting over the 
outsicle of the oil pipe, a slot in it allowing the pin freedom to 
move; a spring holds it up to the top of the covering plug. 
To charge with oil the button can be pushed clown with the 
point of the feeder, thus allowing the oil to run in. A further 
modification of this arrangement has the spring button and 
wick trimming instead of the bent pin. All of these forms 
may be usecl for either coupling or connecting rods.

An American big end oil cup is shown at D. No wick is 
used, but a long lift valve fits in the oil way, having- a bevel 
seating at the top which prevents the passage of oil when the 
engine is standing; when the rod revolves the valve is lifted 
and oil reaches the bearing, the amount of lift being regulated 
by the screw at the top.

Oil grooves cut in the faces of the bearings form channels 
by which the oil is spread over the whole area of the journal, 
etc. The slot links, etc., have simply a hole with an enlarge- 
ment at the top, no trimmings being required, as the move- 
ment is so slight that the necessary lubricänt can be retained 
on the bearing surfaces. The internal moving parts exposecl 
to steam pressure, such as the valves and pistons, have also 
to be lubricated, but require clifferent appliances. E shows a 
simple oil cup for supplying oil to the air brake pump cylinder. 
It is fixed on the steam pipe, and is in the form of a globe 
having- an inlet at the top, closecl when the chamber is filled 
by a screwecl plug, and an outlet pipe leading- from the surface 
of the oil down to the steam pipe to which it is connected, the 
lower end of the hole being reducecl in size to about ^-inch 
diameter. When steam is admitted to the pipe, a small 
quantity passes through the little hole up the oil pipe and into 
the oil globe; here it is condensed, forming water which, 
being heavier than the oil, gravitates to the bottom and raises 
the level of the surface of the oil above the down pipe. Oil is 
thus slowly displaced and passes down to mingle with the 
steam below, lubricating all the wearing surfaces with which 
it comes in contact. When all the oil has been replaced by 
condensed water the latter must be run off by slackening the 
plug at the bottom and more oil introduced. From its action 
this is called a “ displacement ” lubricator.

The main engine cylinders are also sornetimes fitted with 
a somewhat similar oiler; but more commonly two kinds are 
usecl here—one the “ Turness,” supplying oil when steam is 
shut off, and the other the “ Roscoe,” when steam is on. A 
section of the former is shown at F. It is fixed so that the 
supply pipe is in free communication with one end of the
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cylinder, a lubricator being fitted to each cylinder. When no 
steam is admitted to the cylinders there is a partial vacuum 
formed every time the piston travels from the covers, and on 
this faet the action of this lubricator depends. The globe is 
filled with oil and a small hole drilled in the cover plug 
allows air to enter, whilst a syphon of worsted lifts the oil 
over into a lower chamber leading to a valve box, which has 
two vertical holes in it, one fitted with a lift valve. When a 
partial vacuum is formed by the receding piston this valve is 
raised by the oil acted upon by atmospheric pressure, and a 
small quantity enters the cylinder. On the piston returning 
of course the valve is closed; oil thus enters only on the one 

stroke.
When steam is on, the pressure is naturally far in excess 

of that of the atmösphere, and the above described lubricator 
is inoperative; another system of lubrication must therefore be 
introduced, and the “ Roscoe,” which is a displacement lubri­
cator, comes to the rescue. It is connected to the main steam 
pipe, and the slide valves as well as the pistons are oiled by 
it. At G will be seen one of this type, which is fixed to the- 
side of the smokebox. The oil chamber has its outlet at or 
near the top, closed by a screw regulating plug, which regu- 
lates the required. amount to be used, and also provides for a 
means of Alling when empty if steam should be in the steam 
pipe. In this arrangement an internal pipe stands vertically 
in the centre of the oil space with its top closed, and having a 
hole at the bottom. The steam acting upon the surface of the 
oil presses it down, whilst the air imprisoned in this pipe is 
compressed somewhat; then when steam is shut off this 
pressure is made use of to feed a further quantity of oil. The 
Alling hole at top and outlet at the bottom are plainly shown 

on the sketch.
Although the two lubricators last described are still in 

common use, locomotives of recent build are fitted with sight- 
feed lubricators fixed in the cab, where they are easily 
accessible to the driver. In these the oil is placed in a 
chamber to which steam is conducted and allowed to con- 
dense, the oil being tliereby displaced, this then flows down a 
pipe where a small jet of steam meets it and carries it to the 
steam chest or cylinders. The displaced oil passing, drop by- 
drop, up through a “ sight tube” filled with the condensed 
water is visible, hence the name “sight feed” lubricator. 
The advantages of this method of oiling are, greater safety for 
the men, as there is no need to go round the platform when 
the engine is running to see if the lubricators are at work, as. 
is sometimes necessary with the other kinds ; economy of oil,.
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as only the required quantity need be supplied; and further, 
the oil driven in in this way, finely mixed with the steam, is 
spread over the whole surface, and therefore lubricates better 
than when allowed to simply drip into the valve chests or 
cylinders.

One of the best known and most used is that made by 
the Vacuum Oil Co. H is a vertical section, showing on the 
left the oil and condensing chambers, and- on the right the 
shut-off cock. This cock must be shut before the oil plug can 
be removed, therefore when open the handle is arrangecl 
to stand directly above the plug to prevent the latter 
being taken out when steam is on, for then injury might 
be causecl to the operator by reason of the hot oil being blown 
out. Steam enters at the pipe on the right, passing through 
the cock, and down the condensing tube to the bottom of the 
oil, raising the surface of this above the central pipe, which is 
open at the top, and leads to the regulating valve at the 
bottom. In the shut-off plug a small port at an angle leads a 
jet of steam into the outlet pipe, which meets the drop of oil 
as it is passed up through the sight chamber to the surface of 
the water, and carries it away with it. J is another vertical 
section taken at right angles to H, and shows the sight 
chamber and regulating gear on the right. The former con- 
sists of a glass tube with a glanel nut at each end to form a 
joint, and the latter has a screwed spindle which adjusts the 
supply to a small vertical nipple through which the oil passes 
in the form of globules. K is a sectional plan showing the 
relative positions of these various parts, the flange being 
provided as a convenient means of attachment to the cab side 
or bracket as required. The condensed water is drawn off as 
required from the outlet plug at the bottom.
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E
N G I N E S  i n t e n d e d  f o r  s u b u r b a n  t r a f f i c  a n d  s h o r t  r u n s  a r e  

p r o v i d e d  w i th  t a n k s  f o r  w a t e r  a n d  b u n k e r s  f o r  t h e  c o a l  

u p o n  t h e i r  o w n  f r a m e s ,  t h e s e  t a n k s  a n d  b u n k e r s  b e i n g  

s u f f i c i e n t l y  l a r g e  t o  c a r r y  w a t e r a n d  c o a l f o r c o n s u m p t i o n  

b e t w e e n  p o i n ts  w h e r e  t h e y  c a n  b e  r e p l e n i s h e d .

S o m e t i m e s  t h e  w a t e r  t a n k s  a r e  p l a c e d  o n  t h e  f o o t p l a t e  o n  

e a c h  s i d e  o f  t h e  b o i le r ,  a n d  c o n n e c t e d  t o g e t h e r  b y  a  l a r g e  p i p e  

p a s s i n g  u n d e r  t h e  l a t t e r ,  w i th  t h e  c o a l b u n k e r a l s o  u p o n  t h e  

f o o t p l a t e  b e h i n d  t h e  b o i l e r , t h e  c a b  b e i n g  b e t w e e n  t h e m .  

W h e r e  m o r e  w a t e r  i s  r e q u i r e d  t h a n  c a n  b e  c o n v e n ie n t ly  g o t  

i n to  t w o  s i d e  t a n k s , a  t h i r d  i s m a d e  b e l o w  t h e  c o a l b u n k e r ,  

b u t  i n  a l l  c a s e s  t h e  t a n k s  a r e  i n  f r e e  c o m m u n ic a t i o n  w i th  e a c h  

o t h e r  s o  t h a t  t h e  s a m e  l e v e l  i s  m a i n t a i n e d  i n  e a c h  a s  w a t e r  i s  

d r a w n  o f f  f o r  u s e , a n d  t h e  e q u i l i b r i u m  o f  t h e  e n g i n e  p r e s e r v e d .  

T o  p r e v e n t  t h e  w a t e r  f r o m  w a s h i n g  f r o m  o n e  e n d  t o  t h e  o t h e r ,  

a s  i t  w o u l d  w h e n  t h e  b r a k e s  a r e  a p p l i e d  o r  r e l e a s e d  w h e n  t h e  

e n g i n e  i s  r u n n i n g ,  w a s h  p l a te s  a r e  f i t t e d , r e a c h i n g  f r o m  s i d e  

t o  s i d e , t o  b r e a k  a n d  s t e a d y  t h e  b u l k  o f  w a t e r .

I n  s m a l l e r  e n g i n e s ,  a n d  s o m e t i m e s  a l s o  i n  l a r g e  o n e s ,  t h e  

t a n k s  a r e  m a d e  s e m i- c i r c u l a r  i n  s h a p e  t o  f i t  o n  t h e  t o p  o f  t h e  

b o i le r ,  t h e s e  a r e  c a l l e d  “  s a d d l e  ”  t a n k s  ; t h e y  m a k e  a  c o m p a c t  

a n d  n e a t  e n g i n e ,  b u t  g i v e  a  t o p - h e a v y  a p p e a r a n c e  i f  t o o  l a r g e .

T a n k  e n g i n e s  h a v e  t h e  a d v a n t a g e  o f  b e i n g  a b l e  t o  r u n  

e q u a l l y  w e l l  i n  e i t h e r  d i r e c t i o n ,  a n d  d o  n o t t h e r e f o r e  r e q u i r e  

t u r n i n g  a f t e r  r u n n in g  i n t o  a  t e r m i n a l s t a t i o n , a n d  f o r  s e r v i c e  

w h e r e  n e i t h e r  t h e  s p e e d  i s t o o  h i g h  n o r  t h e  r u n s  t o o  l o n g ,  

t h e y  a r e  t o  b e  p r e f e r r e c l . T h e  t a n k s a r e  m a d e  c a p a b le  o f  

c a r r y in g  u p  t o  2 ,0 0 0  g a l l o n s  o f  w a t e r , a n d  t h e  b u n k e r 3 t o n s  

o f  c o a l . W h e n  t h e  q u a n t i t y  o f  w a t e r  a n d  f u e l  r e q u i r e d  e x c e e d s  

t h e s e  a m o u n t s i t i s u s u a l t o  u s e  a n  e n g i n e  w h i c h  h a s  a n  

i n d e p e n d e n t  t e n d e r  a t t a c h e d .

T e n d e r s  a r e  c o n s t r u c t e d  t o  c a r r y  u p  t o  s o m e  5 ,0 0 0  g a l l o n s  

o f  w a t e r a n d  6  o r 7 t o n s  o f  c o a l , b u t a b o u t 2 ,5 0 0  t o  3 ,0 0 0  

g a l l o n s  i s a  m o r e  c o m m o n  f i g u r e . T e n d e r e n g i n e s  s h o u l d  

o n l y  b e  r u n  a t  g r e a t  s p e e d  i n  o n e  d i r e c t i o n , v i z . , e n g i n e  f i r s t ,  

t h e  n e c e s s i ty  a r i s e s  t h e r e f o r e  o f  t u r n in g  a t  t h e  e n d  o f  e a c h  t r i p .

F i g . 3 3  s h o w s  a  t y p i c a l  B r i t i s h  t e n d e r  c a p a b l e  o f  c a r r y i n g  

a b o u t  2 ,5 0 0  g a l l o n s  o f  w a t e r a n d  5 t o n s  o f  c o a l , t h i s  b e i n g  

q u i t e  s u f f i c i e n t  f o r  a l l  o r d i n a r y  n e e d s . I t  i s c a r r ie d  u p o n  s ix  

w h e e l s , s p a c e d  a n  e q u a l  d i s t a n c e  a p a r t ,  t h e  b e a r in g  u p o n  t h e  

a x l e s  b e i n g  o u t s i d e  t h e  w h e e l s  a s  b e i n g  m o r e  a c c e s s i b l e  t h a n
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they would be if between them and below the tanks. The 
frames are double, the outer ones carrying the axle box guides 
being* the deepest, both frames run the entire length of the 
tender between buffer beams ; stays between them strengthen 
the structure, as well as form convenient places for attachment 

of brake-hanger brackets, etc.
The springs are above the axle boxes, and are fitted at 

each end with rubber blocks or washers in cylindrical brackets 
cold rivetted to the outer frames, these rubbers greatly 
lengthen the life of the springs as they relieve them from the 
sudden shocks as the wheels pass crossings or points. As the 
wheel base is comparitively short no side play beyond a slack 
working fit of the axle boxes in the guides is allowed; the 
axle boxes are usually of cast iron with brasses fitted to take 
the bearings.

The method of coupling the tender to the engine varies. 
A common one has two buffers placed at the front end and 
bearing against the back plate of the engine when it is 
coupled, to steady both eng'ine and tender in running. A 
large draw bar in the centre with an eye at each end for a pin, 
and two smaller bars for emergency, one at either side, form the 
attachment, an initial compression being given to the buffers 
in coupling up to the engine. More recent examples, how- 
ever, depend solely on one strong central connection whereby 
it is contended the wear of the wheel flanges is diminished, 
and easier transit of curves secured.

The buffers at the rear end of the tender are similar to 
those upon the front of the engine, as are the draw hooks and 
couplings, which have been already described. Footsteps are 
provided at each end so that the men may mount to the cab at 
one end and to the trailing buffer beam footplate at the other to 
attend to the tail lamps or couplings as may be necessary.

The water tank is built up of ^-in. plates well stiffened 
with angle irons rivetted to them, both at the corners for the 
attachment of the other plates and also at various parts of the 
structure. The sides are stayed together by plates which 
extend completely across and form washplates, large holes 
being cut through them of sufficient diameter to allow the 
water to circulate freely, and to permit of the men passing 
when making and repairing the tanks. Longitudinal wash­
plates are also fitted in some cases, these are especially 
necessary when the tender is running upon lines which 
abound in sharp curves, as they help to keep the water from 
accumulating at the outer side of the curve by centrifugal 
force and from throwing an undue weight upon the springs 
and bearings at that side.

11
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The inlet hole and strainer is fitted at the top towards the 
trailing end, the latter is for the purpose of preventing- the 
entrance of pieces of wood or other foreign matters into the 
tank. The feecl water is again passeel through another 
strainer before it leaves for the injector or pump on the 
engine. The holes in this last strainer, which is fitted just 
over the outlet to the cock, are smaller than the smallest part 
of the injector, so that anything which passes them will not 
be likely to cause a failure by blocking up its cones or 
passages.

The coal space above is made with a sloping bottom, so 
that there may be a tendency for the coal to shake forward 
towards the door, through which the fireman takes it for the 
fire. A division plate extends up behincl the coal preventing 
it from getting to the water inlet hole, and also partitioning 
off a convenient place in which to keep the fireirons and other 
large tools. The coping round the whole tender gives a finish 
and hides all the loose tools, further it enables more coal to 
be carried, and is a safeguard to the men if passing over the 
top. Where the coal space is insufficient it is usual to carry 
bars in the form of a fence above the coping to inerease it, 
this, however, is hardly necessary when the tender is built as 
in our drawing. Tool cupboards are formed on each side of 
the tender, a portion of the water space being cut off for this 
purpose at the front.

A hånd brake is fitted, and blocks bear upon each wheel, 
and for goods engines this is often the only brake provided, 
but with passenger engines the continuous brake adopted is 
also either coupled direct to the mechanism, or the steam 
brake of the engine applies the tender brake simultaneously 
with that of the train. In the drawing it is shown coupled to 
the air brake cylinder, but the principle adopted is similar for 
vaeuum or steam brakes.

A, shows an elevation of the tender, the front halt 
being in section showing the water anel coal spaces, as well 
as the method of staying the front part of the frame, etc. The 
back half gives the outward appearance of the whole tender. 
B is the plan also in half elevation and half section. C is a 
cross section through the centre line of the middle axle, the 
left hånd half looking towards the back of the tender, and the 
right hånd half looking towards the front, both the washplates 
and stays will be plainly seen as well as the rests for the coal 
space, which are formed of stout angle irons carried clown to 
the well of the water tank between the wheels, this well helps 
to keep the centre of gravity of the tank down, and, especially 
when the tanks are partly empty, prevents the swaying of the
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tender which migtLt.Qcaurif._all tlie water were carried high er 
up. D gives elevations of the two ends of the tender, the left 
hånd being’ the back and the right ha-nd- the-front view. -

When the amount of water required for the trip is likely 
to exceed the quantity carried, it is customary now to fit the 
tender with a Ramsbottom scoop, which can be let down into 
water troughs laid between the rails to replenish the quantity 
carried without stopping. In cases where this arrangment is 
not adopted larger tenders, carrying 4,000 gallons and over are 
made, usually running upon two four-wheeled bogies, which 
are, however, unlike those of the engine as they are not fitted 
for side play but only move about the centre pin with circular 
motion. Bogie tenders are being largely built on the Con­
tinental railways, as the weight of trains and length of runs 
increase, and in America they have always been the standard 
type whether fitted with picking up scoops or not.

Various details of tenders are shown in Fig. 34. A repre­
sents an arrangement of axle box guides and horns of clifferent 
design to those shown on the tender drawing, Fig. 33, which 
are similar to those described for the leading end of engines 
at B, Fig. 26. The frames are cut out and carried down below 
the guides, the hornstays being fitted to them, so that the 
frames and not the hornblocks are held. The blocks are fitted 
and bolted or rivetted to the frames similarly to those of the 
engine.

An axle box is drawn at B, in front elevation and in 
longitudinal section. The box is ot cast iron, and has a gun- 
metal bearing fitted inside, with a sliding block above and a 
keep below the journal. The front can be detached by taking- 
out the three bolts holding it, and then by simply raising the 
box the bearings can be removed and replaced without taking 
the wheels from under the tender. In the sliding block above, 
a socket is made to receive the end of the pin projecting down 
from the spring buckle, and outside this an oil box is formed 
with a lid to enable oil to be supplied to the bearing as well 
as the slide. In the keep below, a pad of sponge or horsehair 
is placed, and oil that is put into the oil cup at the front is 
retained in this and fed up to the under side of the bearing, 
thus continually lubricating it without any oil syphoning out. 
The keep can be detached by taking the nuts off the four bolts 
projecting down through it from the box.

A spring is shown at C, made in one of the various ways 
described when dealing with engine springs. The plates are 
held from slipping out of the buckle by a depression made in 
the top of each plate, forring out a projection on the under 
side, which fits into the depression in the next lower plate,
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the bottom one entering a similar recess in the buckle ; into 
the top one the buckle is driven. Nibs and slots prevent side 
slip as in the engine springs. The ends of the top plates are 
turned over, and form a solid block upon which the hangers 
take a bearing. In some cases instead of this solid end a pin 
hole is made, and a pin is passed through it and the hanger.

An arrangement of hanger and bracket is drawn at D. 
It is fitted with the rubbers, as before mentioned, to relieve 
the spring plates of hard shocks. The Steel casting at the top 
holds the end of the spring, and is cormected to the suspension 
bolt by means ot a pin, which also permits the spring to 
have freedom to elongate as the load is applied. The two 
nuts below are for giving the required tension to the spring, 
the lower one checking the upper. The rubbers are either, as 
shown, in several layers separated by metal discs, or in one 
block, as may be preferred. A bracket iixed to the frame has 
a cup-shaped recess below in which the rubbers are located. 
This forms a protection for the rubber from the action of the 
atmosphere, which would tenel to harden it and spoil its 
elasticity, and also from oil which would probably be more or 
less destructive to it. Springs hung direct from the frame 
without the interposition of the rubber pads are, perhaps, 
more common, but the arrangement shown is growing in 

favour.
The pipes conveying the feed water from the tender to 

the engine are necessarily flexible to allow of movement when 
running; they are often made of indiarubber, canvas or other 
suitable material, but as it is customary to pass steam through 
them from the boiler when standing, or when it is desired to 
heat the feed water, this hose is not altogether satisfactory, 
therefore flexible metallic connections have been designed.

One example is shown at E. It has a ball and socket 
joint at each end, and a sliding joint at the centre, the former 
permitting of up and down and side motion a» the engine is 
running and traversing curves, and the latter allowing for any 
difference in length caused by the tension and compression or 
the draw gear between engine and tender. A union nut at 
one end provides for it being separated when it is necessary 
to uncouple the engine from the tender. A giand and packing- 
prevents the loss of water from the slide, and an eye is pro- 
vided to which a chain can be attached for safety.

Another arrangement used on Continental engines is 
drawn at F. In this two bell mouthed castings are fixed, one 
to the engine and one to the tender opposite each other; a 
pipe reaches across and couples these together. The water 
flows through this pipe, and is prevented from escaping at the
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ends by means of idiarubber rings encircling it in suitable 
grooves and fitting into the bell mouths. To prevent the pipe 
from being drawn entirely from either of the sockets, as might 
be the case if one end was a tighter fit than the other, a clip 
with a, double hook is fixed to the centre of the pipe, and has 
a chain attached to the sockets. Perfect freedom in movement 
is secured by this arrangement.

A long length of iron pipe, bent into a circle of large 
radius, has also been used for the same purpose, as well as 
many other devices.

Lamp irons or brackets are fitted to the backs of the 
tenders as well as to the front of the engine for the attachment 
of the lamps by night or disc boards by day, for guiding the 
signalmen and staff as to the destination of the train.

Fig. 35 gives some details of the water picking-up 
arrangements now so often fitted to tenders with limited water 
capacity and to which we have already made reference. A 
hinged scoop is provided, and fitted so that it can be lowered 
into, and raised from, a long, narrow trough, placed midway 
between the rails and filled with water. When passing over 
this at high speed the tender tank is filled by lowering the 
scoop into it, and when a sufficient quantity of water has been 
taken, the scoop may be lifted up clear of the trough and of 
any other obstructions.

At A in the Fig. a longitudinal section of a tender shows 
the scoop lowered into a trough with a free passage for the 
water, up through the internal pipe, into the tender tank. 
Three castings are here employed, viz., the scoop of gun-metal, 
the lower portion of the water-pipe with hinge, and the 
internal pipe, both of iron. A hinged lid above the box., 
covering the receiving pipe, opens freely when the tank is fu.ll 
and allows any superabundance of water to escape. Unless 
such a provision was made, there would be liability of damage 
to the tank, as the water enters at a high velocity and conse- 
quently considerable pressure.

All the water that so escapes, in the example shown, runs 
over the top of the tender and thence to the ground and is 
lost. Some tenders are therefore fitted with large branch 
pipes leading down from each. side of the top of the internal 
pipe and meeting- just below it, passing out of the tank bottom, 
immediately above the trough, so that instead of the water 
raising the lid, it escapes down the pipes back into the trough.

The shaps of the internal pipe varies. In the form shown 
the top ctirves over tovvards the front of the tender, or direction 
in which it travels; in others, as at D, it simply rises 
vertically, or it may have a direction at the top, towards the
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back of the tender. This latter would seem to be the more 
correct shape, as there would be less friction for the water than 
in the first case, where the water has to have a greater velocity 
given to it than that of the tender as it approaches the top of 
the internal pipe. In all cases the area of the water channel 
increases towards the top of the pipe.

The scoop is provided with a shoe of thin Steel at its base 
where it enters the water to form a cutting edge. This can 
be easily renewed when worn out and, if necessary, adjusted 
to the right level as the tyres get wörn and springs vary.

At B a portion of the tender is drawn, showing the scoop 
in the position occupied when out of use.

C shows an end view of the tender with the scoop let into 
the trough ; this latter is shown in section.

The raising and letting down of the scoop is performed 
by the aid of hånd levers in the cab or on the tender front, 
within easy reach of the enginemen, but as the pulling of the 
scoop out of the water trough, especially when travelling fast, 
is by no means an easy task, means have been adopted by 
which steam, or the vacuum, or compressed air used for 
the brakes can be employed for the purpose. On Fig. 35 the 
gear patented by Mr. J. A. F. Aspinall, to whom we are 
indebted for most of the following particulars, is represented. 
To work on the vacuum system, a chamber is fixed below the 
tender, and has a pipe connecting- it to the actuating cock 
fixed handily for the operator in the cab. Two other unions 
on this cock connect to the lower and upper sides of a vacuum 
cylinder, divided by a flexible diaphragm. The admitting of 
atmospheric air to one side of this diaphragm, and the putting 
of the other at the same time into communication with the 
vacuum chamber, causes the diaphragm to be raised or 
lowered at will; a rod fixed to the latter is moved with it and 
carries the scoop. The lifting of the scoop is by this method 
expeditiously performed by simply turning the handle of the 
actuating cock, whilst a balance weight assists in this and 
keeps the scoop up when out of use.

At D a side view of a tank engine is given with this water 
pick-up gear. As these engines have to run in either direction 
without being turned, it is convenient that water should also 
be taken when moving either way. This is accomplished by 
having two scoops, one facing in each direction, both being 
attached to a common discharging pipe and connected to- 
gether by means of suitable levers, sothat one or both maybe 
lowered into the trough at will. In the drawing the arrange­
ment is for both scoops to be operated at the same time ; one 
of them, however—that facing the direction in which the
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engine is running—will only take water, the other simply 
follows in the wake of the first. A flap or hinged valve at the 
junction of the scoops with the casting closes the way by 
which the water could otherwise escape. When the engine 
runs in the reverse direction of course the other scoop will 
take water, and the flap will fail over to the opposite side.

. E is an end view of the same engine, showing the branch 
pipes up which the water passes and enters each side tank 
simultaneously and in equal quantities. In both these views 
the scoops are shown raised up in the carrying position ; a 
balance weight is fitted, as before, to hold the scoops safely in 
this place.

An enlarged section of the cylinder and diaphragm is 
shown at F. The top and bottom of it are each made of a 
dished form, provided with flanges which face each other 
where they are bolted together; the diaphragm is of india- 
rubber, or other suitable material, stiffened at the centre by 
the piston head above and plate below. Bosses, for the con- 
nection of the pipes to top and bottom of the cylinder, are 
provided. The piston rod which reaches down to the scoop is 
not fitted with a stuffing box but a large flexible hose securely 
fastened at top and bottom covers it; this prevents the access 
of air to the bottom end when a vacuum is formed, but allows 
full freedom for the rod to rise and fali with the piston head.

At G the actuating cock is drawn to the same large scale 
as the cylinder. The cock casting has three unions to it, for 
the attachment of three pipes, one from the vacuum chamber 
and one from top and bottom of the cylinder respectively. 
The plug in the cock is chambered out, so that by giving it a 
partial revolution it is possible to put either end of the cylin­
der in communication with the vacuum chamber, the opposite 
end of the cylinder at the same time being opened to the 
atmosphere; when turned to a position midway between the 
extremes, the holes are all closed. The three positions of the 
plug are shown below and at the right of the figure.

The water troughs are usually made of Steel plate bent to 
the required shape in lengths and rivetted together; they are 
about 18-ins. wide by 6-ins. deep placed upon the sleepers and 
supported at the sides upon baulks of timber. The level of 
the top of the trough is about 3-ins. above that of the top of 
the rail, and the water line 2-ins. above the rail. The scoop, 
when down, dips into the water about 2-ins., being then at the 

rail level.
The total length of the trough may vary, according to 

the quantity of water it is required to take, but it is usually 
about 500 yards long, with ends which gradually taper out.
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The rails are kept parallel with the surface of the bottom of 
the trough, so that should the scoop not be lifted at all while 
travelling'over the trough, it will be raised from the water as 
the shallow end of the trough is reached, and when raised 
completely out, the balance weight will lift it up to its running 
position.

It is necessary that the troughs should be occasionally 
cleaned out, as passing engines taking water will wash stones 
and ballast into them; further, they must be fitted with 
automatic gear for refilling as the water is taken out by the 
engines.

In order to retard the speed and assist in stopping, the 
wheels of both engine and tender are fitted with brake blocks 
which bear upon the periphery of the tyres. When pressure 
is applied to these the friction prevents the wheels from freely 
revolving and, if carried to excess, stops them completely. It 
is not always customary to brake the wheels of the engine, but 
when they are so treated the coupled wheels are chosen, and 
in the case of an engine having single drivers, the trailing 
carrying wheels in conjunction with the driving. On engines 
for heavy service it has become the custom to fit all the 
wheels of both engine and tender with brakes.

Fig. 36 shows an arrangement of brake work suitable for 
<1 4-coupled engine having a trailing bogie. A stout shaft is 
carried across the engine in a suitable position and fitted with 
bearings in which it can revolve; arms are forged or fitted 
and keyed on this, one for the attachment of the pull rods (this 
in the figure is between the frames), another for the hånd brake 
gear, usually upon the fireman’s side, and a third for the con- 
nection of the cylinder operated by steam, air or vacuum, as 
the case may be.

In front of each wheel, hangers are suspended from the 
frames carrying brake blocks, these are connected to the ends 
of beams below, which reach across the engine; to these a 
pull is applied by the operating power, this, being taken at 
the centre, an equal pressure is transmitted to each wheel, so 
that it takes an equal share in the stopping of the engine. 
The pull rods are attached to the centres of the beams, but to 
allow of freedom in wearing they are each coupled at their 
other ends to a smaller beam, which has another pull rod 
attached at its centre; this is then coupled to the arm on the 
brake shaft. Between this shaft and the small beam an 
adjusting nut having a right and left handecl screw thread at 
each end respectively is provided, so that as wear takes 
place the correct position of the arms of the shaft may 
be maintained. When the blocks are completely worn out

■iM



172 Th e  Te n d e r , Br a k e s , e t c . : Brake Gear, Brake Blocks.

new ones may be fitted and the nut slacked back to its 
original position.

At A and B the arrangement and positions of the various 
parts may be traced, being shown in elevation and plan. 
O wing to the faet of the firebox being direetly above the shaft 
in this example, it is not possible to place the hånd gear there, 
so an arrangement of beil cranks and levers is shown, by 
means of which it can be moveel further back to a convenient 
position in the cab.

On some engines the shaft itself is carried well back, and 
the pull rods lengthened to suit; on others the brake blocks 
are made to bear upon the couplecl wheels opposite each other 
—that is, the leading couplecl wheels will have blocks upon 
their front, while those upon the next couplecl wheels may be 
upon the back, or the hangers and blocks are in some cases 
both between the wheels, the blocks being pressed outwards 
away from each other. Neither of these methods are to be 
preferred to that shown as they both tend to throw stresses 
upon the coupling rodswhen applied, the former by compression, 
the latter by tension. In many other designs blocks bear 
upon both sides of the wheels at the same time, but this is not 
always necessary, as one block well applied is sufficient.

Slotted holes are provided in the pull rods from both the 
power cylinder and the hånd gear, so that when one of these 
is used to apply the brake the pin of the other lever simply 
travels in the slot; all the wrought iron wearing surfaces are 
well case-hardened to reduce the wear as mueh as possible, 
and split pins or cotters are used to prevent the pins, etc., 
from slacking back.

Brake blocks are usually of cast iron and being of softer 
metal than the Steel of the tyres, they therefore take most of 
the wear, being easier to replace when worn out. The proper 
length of block is between i -ft. and i-ft. 6-in.; if made less, it 
is liable to get very hot when applied hard. No advantage is 
secured by exceeding this length, as blocks which are too 
long and are applied at the centre have a tendency to bend, 
only bearing hard opposite the point where the pin is situated.

To use softer cast iron, which alone would not have 
sufficient cohesion to stand the rough wear for long, blocks 
are now extensively made of iron cast upon inserts formed of 
several layers of expanded Steel closely packed and interlaced 
with each other. These hold the particles of iron up to their 
work, and greatly inerease the life of the blocks as well as the 
friction and consequent retarding power. They are known as 
the Sargent patent diamond brake blocks.

Compositions of various kinds are also being triecl, forced
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into recesses cast in the middle of the blocks, but it is question- 
able if the extra cost of such refinements is guaranteed by the 

results.
Nearly all the brake blocks upon British engines are 

made to bear upon the tread of the tyre or that part which. 
runs upon the rails. Thus two wearing influences both tend 
to wear out the tyre at the same place, and cause a hollow 
section, consequently necessitating frequent re-turnings, hollow 
tyres being not safe for any great speeds owing to the liability 
of the flanges fouling any of the points, etc., and thus causing 
derailments. It might be good policy, therefore, to copy 
American practice in this particular, and provide blocks made 
approximately to the shape of the tyres, but hollow at the 
tread, so that the blocks wear away the portion of the tyre 
that the rails do not touch, that is outside of the tread and the 
flange itself. The tendency is then to keep the tyre to its 
original shape, and obviate re-turning for a time.

The brake, when operated by hand, is a slow method of 
stopping a train, and when important that the stop should be 
made quickly, a more rapid power appliance must be provided. 
It is, therefore, now compulsory to fit all passenger trains with 
a continuous brake, but, unfortunately, owing to the method 
of working our goods trains with slack couplings, etc., it is 
impossible at present to apply a continuous brake to them, 
and the hånd brake has survived on the freight service, 
although goods engines are now being rapiclly equipped with 
steam, air or vaeuum brakes.

An arrangement suitable for either of the mechanical 
systems is drawn, but a steam cylinder is shown at one end of 
the shaft. This is coupled to one lever, and operates it by 
means of steam which is admitted to one end of the cylinder 
to drive forward the piston and apply the brakes. Two 
cylinders made smaller than that shown, and one placed at 
each end of the shaft, can be provided if desired; or in those 
engines which have the shaft situated below the cab, the stejim 
cylinder can be placed in the centre of the engine and coupled 
to an arm on the shaft there.

The cylinder is drawn to a larger scale at C to illustrate 
the internal arrangement. It is formed by a casting bored 
out to take the piston which moves in it; a casting below 
forms a cylinder head and stuffing box for the piston rod, 
which is in this case in the form of a large hollow pipe coupled 
to the piston above, inside this is an eyebolt fixed to the head 
for the attachment of the pull rod, coupled at its lower end to 
the lever upon the brake shaft. Two brass or cast iron rings 
upon the piston ensure a steam tight joint, and a small leak-
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age groove is also provided at the bottom of the cylinder, so 
that any water that should collect in the cylinder above the 
piston may escape by it through the drain hole and escape 
valve. This latter is fitted with a ball valve which closes 
when steam is applied, but when the brake is released and 
steam allowed to pass up through the operating cock, the 
pressure is removed and the ball falis back, allowing the water 
to escape.

The operating cock on the firebox front has ports in it so 
that when the brake is to be applied steam enters the cylinder. 
For release the cock is given a partial turn, and the steam is 
shut off from the boiler, and that in the cylinder allowed to 
escape through the cock. It is thus impossible for the 
pressure to gradually accumulate in the cylinders and apply 
the brakes against the driver’s wishes.

Under various conditions of service, locomotives of special 
types are employed, but in this book, so far, only ordinary 
classes have been dealt with. We may, however, briefly 
mention a few of the chief departures from the orthodox.

In tunnels and on underground lines the emission ot 
steam from the chimney would be intolerable, therefore some 
means have to be adopted to obviate this. The engines on 
these services are usually of the tank variety, with the biast 
arrangements modified as underto suit the special requirements.

A pair of hinged flap valves are fitted in a chamber or 
valve box at the base of the biast pipe, between it and the 
exhaust opening' from the cylinders, from this valve box two 
branch pipes lead on either side to the water tanks of the 
engine. The arrangement is such that when the flaps are 
moved outwards they close the outlet to the side pipes, and 
allow a free passage directly up the biast pipe and chimney 
when the engine is doing ordinary work in the open ; when 
running in tunnels, etc., the flap valves are, by means ot 
levers and rods from the cab, simultaneously moved inwards 
and brought together on their lower sides, meeting on the 
centre line and closing the exit up the biast pipe, but opening 
the passages for steam to pass to the two side branch pipes 
leading to the water tanks in which it is condensed.

Fig. 37 gives several views of an engine fitted with such 
an arrangement. At A a lialf front elevation with smokebox 
door removed, shows the biast pipe, valve box and side branch 
pipes leading up through the outside conducting pipes to the 
water tanks. B, which is a side elevation, shows all the pipes 
by which the condensation of the steam is performed. The 
large conducting pipe above the tank is fitted with an 
expansion joint at the elbow, which is fixed to the top of the
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tank to allow for the expansion of the pipe when it is heated 
by the exhaust steam. Inside the tank a pipe takes the steam 
down to the bottom of the water, where any not condensed 
escapes into the water and is finally disposed of. To allow 
for the escape of the air, etc., displaced by the entering 
steam, another pipe is fitted to the top of the tank, standing 
vertically just in front of the cab. Inside the tank, below this 
escape pipe, a box with large perforations in the bottom of it 
is fitted in the tank. This prevents the water being thrown 
out of the tank when the condenser is being employed. The 
escape pipe is placed at the side of the cab window so as not 
to obstruct the drivers view.

When most of the running is made with the ordinary 
biast pipe, and the condenser is only occasionally used, the 
water in the side tanks does not get too hot for the injector 
feed, but when running on services which require almost con- 
tinual use of the condenser, as on underground lines, the water 
gets too hot and injectors would not take it. Pumps worked 
from the crosshead or other moving part of the engine are, 
therefore, fitted for maintaining the proper water level in the 
boiler. The water must, however, be frequently changed, or 
the steam will not be condensed, and a large valve is usually 
placed in the bottom of the tank, operated by means of levers 
in the cab, for emptying the water expeclitiously ready for the 
tanks being refilled with cold water.

The lever in the cab for moving the flap valves in the 
blast chamber is provided with a binding screw so that the 
valves may be firmly held in the required position. When 
running and using the condensing apparatus, no effect from 
the biast being obtained on the fire it is necessary to keep the 
blower on in order that the steam pressure may be maintained. 
For fuel, smokeless Welsh steam coal, or a similar product 
must be used on underground service. Recently oil fuel has 
been burned with considerable success, and as it possesses 
many advantages in firing, it should be largely adopted.

At D a section of the valve chamber is drawn to a larger 
scale to show the arrangement of the flap valves, etc. The 
body, which is of gun-metal, has open sides, to which covers 
with flat faces are fitted; bosses upon these covers have holes 
through them for the rods upon which the flap valves inside 
the chamber and levers outside are fitted. The flap valves 
are also of gun-metal, and have grooves machined at each 
side, about an inch wide by % of an inch deep, into which 
strips are fitted. These are forced outwards by flat springs 
to form a steam tight joint against the covers. The faces of 
the valves are also seated fairly upon the faces of the holes to
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the branch pipes on each side, but when the biast orifice is 
closed by the shutting together of the flaps, the bevelled edges 
of these latter meet and form a V by which the steam is 
deflected to either side branch pipe. In the drawing the 
valves are represented as covering the side outlets, and pro- 
viding for a free opening up the biast pipe. The levers 
outside are shown in dotted lines; they are each provided 
with a long slotted pin hole and a forked end to the pull rod 
has a pin through it and both the levers, pulling this rod 
upwards brings the levers together, and consequently the 
valves. A spindle above reaches across from a guide on the 
smokebox wrapper to another upon the biast pipe, and has 
suitable levers upon it for attachment of the outside rod from 
the cab, and the inside pull rod to the valve levers. Balance 
weights are sometimes fitted to Help in moving the valves, but 
are not always considered necessary.

When very severe gradients and sharp curves make it 
difficult to design a suitable engine owing to the inconvenient 
length that would be necessary to carry weight enough for 
adhesion, double engines have been employed. The best 
known of these, perhaps, is the “Fairlie” type, which has two 
groups of driving wheels arranged in swivelling frames or 
bogies, each group being coupled and provided with separate 
cylinders and crank axles. By these means very powerful 
engines can be made with the weight well distributed over a 
long and flexible wheel base. The boiler has one or two fire- 
boxes at the centre and two barreis with tubes leading each 
way—to the front and the back. Two chimneys and domes 
are also provided. The firing is done through a side door or 
doors, and tlie fireman rides upon that side of the engine, the 
driver having all his levers, gear, etc., upon the opposite side.

For heavy mountain service many modifications of the 
ordinary adhesion locomotive are to be met with. One system 
provides an adclitional small pair of cylinders and drivers 
equipped with mechanism for raising and lowering, so that 
when ordinary roads are being negotiated the engine works 
as usual, but when steep banks, or exceptionally heavy loads 
are to be worked, the auxiliary wheels are pressed down to 
the rails and steam admitted to the extra cylinders, giving 
additional power to assist in overcoming the trouble. The 
raising and lowering is performed either by steam, air, or 
vacuum, and varying weights can be put upon the wheels. 
As one of the chief constituents of the power of a locomotive 
to haul a load is its boiler, and such arrangements as this 
make no extra provision there, these curiosities are not to be 
commended.

12
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On steeper grades still, where adhesion alone would not 
be sufficient however applied, “rack” engines are used. The 
track for this type of locomotive is laid with ordinary rails for 
carrying the engines and cars, while another or third “ rack 
rail ” is placed between, having large teeth, or steps, in which 
a “ cog ” on the engine engages. The locomotive is provided 
with an engine similar in design to that ordinarily used but 
constructed to drive a shaft, which carries the “cog” wheels; 
these gear into the rack and enable the load to be hauled, and 
will hold the engine immovable in any position it may be 
stopped in, assisting in the safety of working up or down the 
steepest grades. Engines of this type used on mountain 
railways are not turned rouncl at the end of a trip, but con- 
tinually run with the chimney towards the top of the gradient, 
and as the inclination of the rails is great the water level in 
the boiler would be very low at the firebox end if the boiler 
was placed parallel with the rails. It is therefore set at an 
angle with them, the amount of inclination, of course, depend- 
ing upon the gradients to be surmounted.

On engines operating entirely on rack rails, the smooth 
rails benig required for carrying and guidance only, the 
wheels bearing upon these may be loose upon the axles, thus 
allowing great freedom for the engine upon curves ; but when 
the ordinary rails and sharp grades alternate, a double set of 
engines are provided—one for working the rack wheels, and 
another for the adhesion wheels, which in this case are coupled 
together by side rods. These two engines are entirely inde- 
penclent of each other, and the driver can use either of them 
at will as the severity of the road demands.
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S e c t i o n  V .

E X A M P L E S  F R O M  M O D E R N  P R A C T I C E .

M
O D E R N  lo c o m o t iv e s a r e o f a n a lm o s t in d e f in ite  

v a r ie ty  o f ty p e s , w h ic h a r e c la s s i f ie d  b y  th e to ta l  

n u m b e r  o f  w h e e ls , th e  n u m b e r  o f  w h e e ls  c o u p le d ,  a n d  

th e  p o s i t io n  o f th e  c y l in d e r s , in s id e  o r o u ts id e th e f r a m e s ,  

w h ils t  th e y  m a y  b e  f u r th e r  s u b d iv id e d  a c c o r c l in g  a s  th e y  h a v e  

in s id e  o r  o u ts id e  b e a r in g s , th e  d e s c r ip t io n  o f  v a lv e  g e a r , e tc . , 

f u r th e r , th e y  m a y  h a v e  s e p a r a te  te n d e r s , o r  th e y  m a y  b e  ta n k  

e n g in e s ,  in  th e  la t te r  c a s e  th e  ta n k s  m a y  b e  s id e ,  s a d d le ,  w e l l  o r  

r e a r . I n  th is  c o u n tr y  lo c o m o t iv e s  c o m m o n ly  h a v e  e i th e r  s in g le  

d r iv in g  w h e e ls o r f o u r , s ix . o r e ig h t w h e e ls  c o u p le d , w h ils t  

e ls e w h e r e  te n  a n d  e v e n  tw e lv e  w h e e ls  c o u p le d  h a v e  b e e n  b u i l t .  

E x a m p le s o t a lm o s t e v e r y  p o s s ib le c o m b in a tio n  a r e to  b e  

f o u n d , a n d  i t  w o u ld  ta k e  a  v o lu m e  to  i l lu s t ra te  th e m  a l l . T h e  

s ix te e n  p la te s  c h o s e n  to  i l lu s t r a te  th is  b o o k  m a y , h o w e v e r , b e  

ta k e n  a s  r e p r e s e n tin g  th o s e  w h ic h  h a v e  b e e n  m o s t g e n e r a l ly  

c o n s t r u c te d  d u r in g  th e  la s t tw o  o r  th r e e  y e a r s , th o u g h  i t  m u s t  

n o t b e  s u p p o s e d  th a t  th e  ty p e s  w h ic h  d o  n o t  f in d  a  p la c e a r e  

th e r e f o r e  n e c e s s a r i ly  o b s o le te .

A  b r ie f  d e s c r ip t io n  i s  a p p e n d e d  to g e th e r  w ith  th e  le a d in g  

d im e n s io n s  o f  th e  e n g in e s s h o w n  in  th e  p la te s , a l l o f  w h ic h  

a r e  ty p e s  d e s ig n e d  f o r  th e  s ta n d a r d  4 - f t . 8 |- in . g a u g e  :—

P l a t e  I . (Frontispiece).— F o u r W h e e ls C o u p le d L e a d in g B o g ie T e n  W h e e le d  

E n g in e  f o r th e  L a n c a s h i r e  &  Y o r k s b i r e  R y . B u i lt a t th e  C o m p a n y ’s W o r k s ,  

H o r w ic h . C y l in d e r s , 1 9 - in . b y  2 6 - in .  ; d ia m e te r o f  d r iv in g  w h e e ls , 7 - f t . 3 - in . ; 

h e a t in g  s u r f a c e — tu b e s , 1 8 7 7  s q . f t . , f i r e b o x , 1 7 5 ’8  s q . f t . , to ta l , 2 0 5 2 '8  s q . f t . ;  

g r a te  a r e a ,  2 6 - 0 5  S Q - f t - >  w o r k in g  p r e s s u r e , 1 7 5  I b s . p e i ' s q .  in . ; w e ig h t  in  w o r k in g  

o r d e r  5 8 J  to n s .

P l a t e  I I . (Frontispiece).— E ig h t  W h e e ls  C o u p le d  T h r e e  C y l in d e r  C o m p o u n d  E n g in e  

f o r  th e  L o n d o n  &  N o r th  W e s te rn  R y . B u i lt  a t th e  C o m p a n y ’s  W o r k s , C r e w e .  

C y l in d e rs — ( 2 ) H .P . , 1 5 - in . b y  2 4 - in . , ( 1 ) L .P . , 3 0 - in . b y  2 4 - in . ; d ia m e te r o f  

d r iv in g w h e e ls , 4 - f t . 5 |- in . ; h e a i in g s u r f a c e — tu b e s , 1 3 7 4 ’3 s q . f t . , f i r e b o x ,  

1 1 4 - 7  s q . f t . , to ta l , 1 4 8 9 -0  s q . f t . ; g r a te a r e a , 2 0 - 5 s q . f t . ; w o r k in g  p r e s s u r e ,  

1 7 5  I b s . p e r  s q . in . ; w e ig h t in  w o r k in g  o r d e r , 4 9  to n s  5  c w t .

P l a t e  I I I .— S in g le  D r iv e r  L e a d in g  B o g ie  E n g in e  f o r  th e  G r e a t N o r th e rn  R a i lw a y .  

B u i l t a t  th e  C o m p a n y ’s  w o r k s , D o n c a s te r . C y lin d e r s , 1 8 - in . b y  2 6 - in . ; d ia m e te r  

o f  d r iv in g  w h e e ls , 7 - t t . 6 - i t i . ; h e a tin g  s u r f a c e — tu b e s 1 1 4 3  s q . f t . , f i r e b o x  1 2 5  

s q . f t . , to ta l 1 2 6 8  s q . f t . ; g r a te  a r e a , 2 3  s q . f t .

P l a t e  I V .— F o u r  W h e e ls  C o u p le d  L e a d in g  B o g ie O u ts id e  C y l in d e r E n g in e  f o r  th e  

P e n n s y lv a n ia  R a i l ro a d . B u i l t a t th e  C o m p a n y ’ s W o r k s , A lto o n a C y l in d e r s ,  

H .P . , I 9 |- in . b y  2 8 - in . , L .P . , 3 1 - in . b y  2 8 - in . ; d ia m e te r  o f  d r iv in g  w h e e ls , 7 - f t . ;  

w o r k in g  p r e s s u r e , 2 0 0  I b s . p e r  s q . in . ; w e ig h t in  w o r k in g  o r d e r , 6 5  to n s .

P l a t e  V .— F o u r  W h e e ls  C o u p le d  L e a d in g  B o g ie  E n g in e  f o r  th e  B e lg ia n  S ta te  R y s .  

B u i l t b y  M e s s r s . N e i ls o n , R e id  &  C o ., G la s g o w . C y l in d e r s , 1 9 - in . b y  2 6 - in . ;  

d ia m e te r  o f d r iv in g  w h e e ls , 6 - f t . 6 - in . ; h e a t in g  s u r f a c e — tu b e s , 1 3 8 1 - 2 2 s q . f t . ,  

f i r e b o x , 1 1 8 -7 8  s q . f t . , to ta l , 1 5 0 0  s q . f t . ; g r a te a r e a , 2 0 - 6  s q . f t . ; w o rk in g  

p r e s s u r e , 1 7 5  I b s . p e r  s q . in . ; w e ig h t  in  w o r k in g  o r d e r , 5 2  to n s  l6 |  c w t .
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P l a t e  V I.— Four C oupled Three C ylinder C om pound  Engine for the M idland R y. 
B uilt at the C om pany ’s W orks, D eroy. C ylinders— H .P. (i), 19-in. by 26-in., 
L.P. (2), 21-in. by 26-in.; diam eter of driving w heels, 7-ft. ; heating surface—  
tubes, 1374 sq. ft., firebox, 145 sq. ft., total 1519 sq. ft. ; grate area, 25 sq. ft.; 
w orking  pressure, 180 Ibs. per sq. in . ; w eight in  w orking  order, 51 tons 12 cw t.

P l a t e  V II.— A tlantic Type Four C oupled B ogie Express Engine for the G t. C entral 
R y. B uilt by M essrs. B eyer, Peacock &  C o., Ltd., G orton. C ylinders, igj-in. 
by 26-in. ; diam eter ot driving w heels, 6-ft. 9-in.; heating surface— tubes, 
1777-9 sq. ft., firebox, 133-1 sq. ft., total 1911 sq. ft.; grate area, 26 sq. ft. ; 
w orking pressure, 180 Ibs. per sq. in . ; w eight in  w orking order, 63 tons 5 cw t.

P l a t e  V III.— Six  W heels C oupled Engine for the Furness R y. B uilt by M essrs. 
N asm yth, W ilson & C o. C ylinders, 18-in. by 26-in.; diam eter of driving  
w heels, 4-ft. 8-in.; heating surface-tubes, 1029 sq. ft., firebox, 106 sq. ft., 
total, 1135 sq. ft. ; grate area, 20-5 sq. ft. ; w orking  pressure, 150 Ibs. per sq. in . ; 
w eight in  w orking order, 38J tons.

P l a t e  IX .— Six C oupled Leading B ogie Engine for the G reat W estern  R y. B uilt 
at the C om pany ’s W orks, Sw indon. C ylinders, 20-in. by 24-in. ; diam eter of 
driving  w heels, 4-ft. 6-in.; heating surface, 1517-89 sq. ft. ; grate area, 35  sq. ft.; 
w orking pressure, 165 Ibs. per sq. in . ; w eight, 59I tons.

P l a t e  X .— C onsolidation Tw o C ylinder C om pound (G olsdorf system ) Engine tor 
the A ustrian Southern R y. B uilt by the W einer N eustadt Locom otive W orks. 
C ylinders, H .P., 2i|-in . by 24|-in., L.P., 3l|-in . by 24j-in. ; diam eter ot 
driving w heels, 4-ft. 3|-in. ; heating surface— tubes, 2551 sq. ft., firebox, 14a 
sq. ft., total, 2691 sq. ft. ; grate area, 36-275 sq. ft. ; w orking pressure, 190 Ibs. 
per sq. in . ; w eight in  w orking  order, 68 tons.

P l a t e  X I.— Four W heels C oupled Trailing B ogie C ondensing Side Tank for the  
G reat Eastern R y. B uilt at the C om pany ’s W orks, Stratford. C ylinders, 17-in. 
by 24-in.; diam eter of driving w heels, 4-ft. 11-in.; heating surface— tubes, 
986-5 sq. ft., firebox, 94-9 sq. ft., total, 1081-4 scl- ft- J grate area, 15-27 sq. ft. 
w orking pressure, 160 Ibs. per sq. in . ; w eight in w orking  order, 52 tons.

P l a t e  X II.— Four W heels C oupled D ouble End Side Tank Engine for the B arry  
R ailw ay. B uilt by M essrs. H udsw ell, C larke & C o., Leeds. C ylinders, 18-in. 
by 26-in. ; diam eter of driving w heels, 5-ft. 7^-in.; heating surface— tubes- 
967-6 sq. ft., firebox 106 sq. ft., total 1073-6 sq. ft.; grate area, 20 sq. ft. ; 
w orking pressure, 150  Ibs. per sq. in . ; w eight in  w orking order, 61 tons io | cw t.

P l a t e  X III.— Four W heels C oupled Leading B ogie R adial Side Tank Engine for 
the G reat N orthern  R y. B uilt at the C om pany ’s W orks, D oncaster. C ylinders, 
I7 |-in. by 26-in.; diam eter of driving w heels, 5-ft. 7|-in.; heating surface—  
tubes 1020 sq. ft. ; firebox 103 sq. ft., total 1123 sq. ft.; grate area, I7f sq. ft. 
w orking  pressure, 170  Ibs. per sq. in . ; w eight in  w orking  order, 56 tons.

P l a t e  X IV .— Six  W heels C oupled Saddle Tank engine for the M etropolitan R y. 
B uilt by M essrs. B eckett &  Sons, B ristol. C ylinders, 16-in. by 22-in.; diam eter 
of driving  w heels, 3-ft. 10-in. ; heating surface, 724  sq. ft. ; grate area, 13-5 sq. ft.; 
w orking pressure, 140 Ibs. per sq. in . ; w eight in  w orking order, 39 tons.

P l a t e  X V .— Six  W hec-ls C oupled R adial Side Tank Engine for the London and  
N orth  W estern  R y. B uilt at the C om pany ’s W orks, C rew e. C ylinders, 18-in. 
by 24-in. ; diam eter of driving w heels, 5-ft. 2|-in. ; heating surface— tubes 980  

sq. ft., firebox 103-5 SQ - total Io83 ’5 sq. 5 £rate area > r7 -1 sq- ! w orking  
pressure, 180  Ibs. per sq. in .; w eight in w orking order, 52 tons 6 cw t.

P l a t e  X V I.— Eight W heels C oupled R adial Tank Engine for the G ieat N orthern  
R y. B uilt at the C om pany ’s W orks, D oncaster. C ylinders, 20-in. by 26-in. 
diam eter of  driving w heels, 4-ft. 7|-in.; heating surface— tubes, 1302-10 sq. ft., 
firebox, 136-74 sq. ft., total, 1438-84 sq. ft. ; grate area, 24 sq. ft. ; w orking  
pressure, 175 Ibs. per sq. in . ; w eight in w orking order, 79 tons.





P l a t e  IV .—F o u r -c o u p l e d  Bo g ie  E x pr e s s  E n g in e , P e n n s y l v a n ia  R a i l r o a d .





P l a t e  VI.—F o u r -c o u p l e d  T h r e e -c y l in d e r  Co m p o u .x d  E n g in e , M id l a n d  R a i l w a y .





P l a t e  V III.—S ix -c o u p l e d  Go o d s  E n g in e , F u r n e s s  R a i l w a y .



P L A T E  I X . — S lX -CO U PLED  B O G IE  GOODS E N G IN E , G REA T  W E S T E R N  R å ILW AY.



P l a t e  X .—E ig h t -c o u p l e d  Co m po u n d  E n g in e , A u s t r ia n  So u t h e r n  R a i l w a y .





P l a t e  X I I . —F o u r -c o u p l e d  S id e  T a n k  E n g in e , Ba r r y  R a t l w a y .1'





P l a t e  X IV .—S ix -c o u p l e d  Sa d d l e  Ta n k  E n g in e , Me t r o p o l i t a n  R a i l w a y .





P l a t e  X V I .—E ig h t -w h e e l s  Co u p l e d  R a d ia l  T a n k  E n g in e , Gr e a t  N o r t h e r n  R a i l w a y .
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i i . A D V E R T IS E M E N T S .

HULBURD’S Patent Stop Valve

_____ \SPECIALSEAMLESS

L ; 31111—1 SOFT COPPER RING

O n ly  W e a rin g  P ar t is th e S E A M L E S S  C O P P E R  R IN G ,  

w h ich c an  b e R E P L A C E D  w ith o u t T o o ls in a fe w  m in u te s

W H IL E V A L V E IS IN  P O S IT IO N .

A p p ro v e d b y th e A d m ira lty .

U se d  b y  m o s t E n g lish  R ailw ay s fo r i ts  

E co n o m y .

Sec t io n No . I.

Sec t io n No .2.

Hulburd’s Seamless Copper 

Jointings.
A s su p p lie d  to  H .M . D o sk y a rd s , le a d in g  F irm s a n d  p r in c ip a l R a ilw ay s -  

Indestructihle. Cut from Solid Plate.

A n y  sh a p e , a n y  se c tio n . A ll s iz es  f r jm  i- in . to  9 -f t.

D o n o t c h a r , c o rro d e , e a t a w ay , n o r a d h e re to  F la n g e s !

N o R E D  L E Ä D  o r o th e r F illin g !

F o r C y lin d e r , Y a lv e -ch e s t, o r M u d h o le C o v e rs , a n d a ll 
H IG H  P R E S S U R E JO IN T S .

A p p lie d a n d rem o v ed  w ith o u t u se o f T o o ls .

(S ee S tan d a rd  S ec tio n s 1 to 8a .)

Sec t io n No.3.

Sec t io n No 4.

Sec t io n No. 5.

Sec t io n No.6.

Sec t io n  No .7.

THE PATENT 

Four-Sided Gauge 

Glass Protector.
G iv e s c le a r in d ic a tio n  o f w ate r le v e l, a n d  p re v en ts  

a n y  m is tak in g  o f a n  e m p ty  fo r a fu ll g la s s .

Over 6,000 Sets already supplied 
British Railways.

Sec t io n No .7a .

Sec t io n No. 8.

Sec t io n No .8a .

to

T h e H u lb u rd  E n g in e e r in g  C o .
. . . . C o n tra c to rs to H .M . G o v e rn m e n t,  

BRASSFOUNDERS AND COPPERSMITHS,

/ lø an u fa c tu re rø  o f © a te n t S ig b t= jfc c b  U u b ric a to rs a n b  T O la tc r © a u g c C o c k s f it tcb  w itb  p a te n t  
“ C a rtrib ø e C a se ” a rra n g e m e n ts to r re p la c in g Ø la sse s q u tc h lg a n ö  g å fe lt,  

a n b  a ll Is tn ö s o t E n g in e  jf i tt in g s .

Write for full CATALOGUE,  1 1 1 rz » , r ->
pr ic e l is t s , &c.‘ to- 1 5 0 , L e a d e n n a ll o t., L o n d o n , E .C .



ADVERTISEMENTS. iii.

* ... -________________ —-f
Telegraphic Address—“ Vacuum, London.”

| Vacuum — 

Cylinder |
En*"%e 011S

tfff ord maximum "£ul)rication at minimum ^€o4t

Used and approved by over Forty British

Also by INDIAN GOVERNMENT RAILWAYS, 

CAPE GOVERNMENT RAILWAYS, 

WEST AFRICAN GOVERNMENT RAILWAYS, 

AUSTRALIAN GOVERNMENT RAILWAYS, &c.

And the PRINCIPAL RAILWAYS ON THE CONTINENT and 

thc World over.

Vacuum Sight-Feed Lubricators
and other Lubricating Appliances are as widely adopted, 

and tfnöure maximum 'åconomy and Regu/ari/y 
--------- -—-----------

in the Use of Oil.

Vacuum Oil “Sl’



GRESHAM & GRAVEN, Ltd., Engineers



ADVERTISEMENTS. V.

--—------  -------
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George Spencer. Moulton & Co.
9 Limited,

77, Cannon Street,

And  London, E.C. \
BRADFORDON=AVON, WILTS.

jMødjanical (ifimjinms for . .

.. IhtMa Kubhi'r ^ppliratimis. j 

MANUFACTURERS OF

| Patent India Rubber Buffer & Oraw Springs

^ibroud tfteam ^ac/ting, Jfode 6Piped,

And all kinds of India Rubber Articles for Railway

and other Mechanical Purposes.

SOLE LICENSEES for

A. G. Spencer’s Patent Buffer and Draw Springs.

SOLE LICENSEES for

I Anderson’s Patent Ventilators for Railway Carriages.

I-- — -!



VI. ADVERTISEMENTS.

* ...... .......... ... ....... —
THE SUN NEVER SETS

 on 

United States Metallic Packing.
Over 150,000 Supplied,

In use on Locomotives all over the World.

AIR COMPRESSORS, DRILLS, HOISTS, HAMMERS, 

ELECTRIC PORTABLE DRILLS.

United tftateé Jftetaitic Packing *&o., Limited,

B RAD FORD, ENGLAND.

:------------ ----- ------------------------------ --------------- ---- -------------------------------- .






