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INTRODUCTION

Tae literature of the railway locomotive engine is already so
copious that I think some explanation of how this book came to
be written is desirable.

It forms one of a series of volumes, the idea of publishing
which originated with Messrs. Archibald Constable & Co. In
the present day specialisation is universal, and in no profession
does it prevail more than in that of engineering. This will not
appear remarkable when we recognise the enormous range of
subjects with which the engineer has to deal.

The “ Westminster " series is intended in a sense to bridge
over the gaps left by specialisation. Thus the marine engineer
may have but a very slight knowledge of electrical engineering,
and the civil engineer may be comparatively ignorant concerning
the locomotives which run on the railways which he makes. But
engineers should have—the younger members of the profession in
particular need to have—a great deal of information in common,
and all perfectly understand technical language.

Speaking then of my own work, I may say that I hope engineers
in any branch of the profession who may read this book will find
in it information which they did not possess before. The
books which have hitherto been written about the locomotive
engine are all either strictly specialised or very ‘‘ popular.” None
of them go far into the life of the locomotive engine. The
technical treatise deals with the locomotive almost altogether as
a machine. Its parts are described, but the reasons why they
assume particular shapes, and why one shape is better or worse -
than another are not dwelt upon, and nothing is said about the
daily life of the engine. To use a metaphor, the locomotive is
handled by its authors anatomically, not physiologically.

I have in this volume attempted, I hope with some success, to
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break new ground. Of the history of the locomotive I have
written next to nothing. I have endeavoured to describe the
modern locomotive, using the words in the generic sense, and to
explain why it is what it is.

That I have left much unsaid that might have been said
with advantage is a very evident proposition. My excuse lies in
the dimensions of this book, and the fact that it is not intended
to be in any sense or way a complete treatise on railwa
locomotives. My purpose has been to make the locomotr
intelligible ; to show what it means; the mechanical and th.
physical phenomena on which it depends for its action, and the
objects carefully kept in view by those who desigu, construct, and
employ it as one of the most useful servants of mankind. I do
not think this has been done before with anything like the same
simplicity of intention.

There are very wide differences in externals, but in essentials
all locomotives without exception, are the same. They are
survivals of the fittest. The conditions of working are compara-
tively inflexible ; and the more closely any type of locomotive
conforms to these conditions the greater are the chances of its
success. Yet the influence of nationality and eclimate have
made themselves felt ; and various designs may be regarded as
indigenous to particular countries. The British locomotive is,
above all others, simple, strong, and carefully finished. It is
intended to last as long as possible. The American locomotive
is the incarnate spirit of opportunism. It is intended to meet
the wants of the moment; a long life for it is neither desired nor
sought. It is held that before an engine can wear out it will be
superseded by something bigger, and more suitable to new re-
quirements and conditions. In Europe complication is favoured
rather than disliked. The workmanship is as a rule admirable;
but simplicity is the last thing studied. In all cases the national
character appears to stamp itself on machinery of every kind.

I have treated the modern locomotive from three points of
view, namely, as a vehicle, as a steam generator, and as a steam
engine. A certain amount of overlapping is unavoidable, but it
will not confuse the issues.
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I am deeply indebted to old friends and acquaintances for
valuable assistance. I have only had to ask for drawings and
information to obtain them. Among others, I must mention
Mr. J. A. Aspinall, General Manager, Lancashire and Yorkshire
Railway ; Mr. G. Churchward, Great Western; Mr. Dugald
Drummond, London and South Western; Mr. J. Holden, Great
Eastern ; Mr. G. Hughes, Lancashire and Yorkshire ; Mr. Ivatt,
“-eat Northern; Mr. Wainwright, S. E. and C. Railway;

. G. Whale, London and North Western ; and Mr. Theodore

Ely, Chief of Motor Power, Pennsylvania Railroad.

I have not attempted to quote all the books, British and foreign,
and papers read before such bodies as the Institution of Civil
Engineers, or Institution of Mechanical Engineers, which have
helped me; but I have given at the end of this volume a short list
of the names of works which can be studied with advantage by
those who wish to know more about the locomotive engine.

Finally, I may say that in writing I have carefully kept in
view the needs of the student. I have endeavoured to make the
study of the locomotive attractive. Unfortunately, it lends
itself in many ways to mathematical treatment; and, the
mathematics of the locomotive are very far from being a good
introduction to its study. It may be added that in practice they
play but a secondary part ; and this principally because they do
not always fit in with existing conditions. Anyone who has the
chance of standing on the running board of an express engine
moving at fifty or sixty miles an hour, and watching the
behaviour of the valve gear, will understand just what I mean.

I have endeavoured, as I have said, to tell my readers what
the modern locomotive is and why it is what it is. For this
purpose, I have only required a comparatively small number of
diagrams, and I have not illustrated any types of locomotive.
Photographs will be found of these by the hundred in other
volumes, where they serve a good purpose no doubt. They
would be superfluities in this book.

VaucHAN PENDRED.
STREATHAM,
1908.
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THE

RAILWAY LOCOMOTIVE

SECTION I

THE LOCOMOTIVE ENGINE AS A VEHICLE'!

CHAPTER I
FRAMES

No characteristic of the locomotive possesses so much import-
ance for the fravelling public as its performance as a vehicle.
By far the larger proportion of the serious, or even terrible,
accidents which occur in the present day on railways in this
country are derailments.? The train runs off the track, and is
more or less smashed up according as the speed is high or
moderate. It is certain that in nearly all cases it is the loco-
motive that first leaves the line; carriages are occasionally derailed,

1 The locomotive was first dealt with as a vehicle by the late D. K. Clark,
in ¢ Railway Machinery,” published in 1855.

2 Among the more recent may be mentioned the derailment of a Great
‘Western express near Loughor, South Wales, on October 3rd, 1904, 5 killed
and about 50 injured ; on December 23rd in the same year a Great Central
train was derailed at Aylesbury, 4 killed and 4 injured; January 19th,
1905, Midland train derailed near Cudworth, 8 killed and 20 injured ;
September 1st, 1905, train derailed at Witham Junction on the Great
Eastern, 11 killed and 40 injured; July 1st, 1906, American boat train
wrecked at Salisbury, South Western Railway engine upset on a curve,
28 killed and 12 injured; and October 15th, 1907, London and North
‘Western train derailed on a curve at Shrewsbury, 18 killed and many injured.

R.L: B




2 THE RAILWAY LOCOMOTIVE

but the fact that each is tied by the draw-bar to the coach next in
front and next behind it tends powerfully to prevent the escape
of the wheels from the rails. Indeed, there are well-known
instances in which a pair or more of wheels have left the track,
run for a while on the sleepers, and then been pulled back to the
rails and continued running very little the worse. No one has
ever heard of an engine getting off the road and on again
automatically. Furthermore, if an engine runs badly, it may
break rails and injure the road in various ways, as will be
explained further on. A bad road is an unsafe road, and so,
although the engine’s defects may not be those which induce
derailments directly, they may be exceedingly mischievous in
other respects.

The locomotive is subjected to two classes of disturbance, -

-the one external to it, the other internal. The object of the

designer is to combat or get rid of both, and as we proceed it
will become evident that the task is by no means easy to
perform.

It must be steadily kept in mind that the locomotive and the
permanent way are but two parts of the same machine. The
rails bear precisely the same relation to the engine that the V
grooves of a planing machine do to the sliding table. Good
planing cannot be done unless the grooves and slides are in order;
and smooth, safe travelling is impossible unless the engine and
the road are both in excellent condition, and in as nearly as may
be perfect mechanical adjustment. If the road is bad, uneven,
and weak, the disturbing effects may be so great as to mask
defects in the engine. On the other hand, the road may be so
excellent that the inherent defects of the engine may be forced
into prominence, the internal factors of disturbance then masking
such defects in the track as may still exist.

Let us deal with the external disturbing forces first.

If the track was dead straight and absolutely smooth, level
and rigid ; if the wheels were quite cylindrical and carefully
balanced, then a vehicle might be run at any speed without the
least danger. No force would solicit it to jump off the rails or
overturn. These conditions represent the maximum limit of
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safety. Just in so much as these conditions remain unfulfilled
will the probability of derailment or upsetting be augmented.
In practice the maximum limit can never be attained. The rails
are never wholly smooth, level, and unyielding, and any vehicle
intended to run on them with safety must be provided with
expedients by which the effect of the imperfections in the track
on the stability of the machine will be minimised. The
influence of imperfections may be divided into two sections, one
vertical, the other horizontal. Thus the rails not being dead
level, the wheels have to run up and down so many steel waves
more or less long and seldom coincident on both rails. To reduce
the jumping motion springs are placed between the axle boxes
and the body of the vehicle. To neutralise the effect of horizontal
imperfections a certain amount of lateral flexibility is imparted
to the vehicle. Curves may be regarded as horizontal defects in
the permanent way; and to help the locomotive to deal with the
centrifugal effort the outer rail is raised above the level of the
inside rail by an amount fixed by the radius of the curve and the
speed at which it is traversed. These are general principles ;
we may now proceed to consider them in more detail.

Every locomotive consists of a framework or chassis supported
by springs on wheels. The framework carries in its turn a
boiler, and an engine with two, three, or four horizontal or
nearly horizontal cylinders, two being the usual number. The
framing may be regarded as the link between all the various
parts of the whole locomotive. There are two types of framing,
namely, the plate frame and the bar frame. The latter is very
little used in this country; the former very little used in the
United States. In certain cases it is not easy to say to which
type the framing belongs; but these are very exceptional.

The plate frame is a rectangular steel structure, composed
mainly of two plates extending from the leading to the trailing
end of the engine. Their depth and thickness vary in different
designs; but it may be taken generally that the plates are 1 inch
to 1} inch thick, and 18 inches to 2 feet deep. They are secured
to each other by cross plates and angle steels. These main
frames are usually supplemented by secondary frame plates much

B2
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lighter and narrower, on top of which rests a flat steel plate,
known as the ““ running board,” along which the driver can walk,
and so oil and inspect his engine while it is running. Little or
nothing of the main frame can be seen in many engines, because
it is concealed by the wheels, splashers, running board, &e.

It is of the utmost importance to the good and safe running of
the engine that the framework shall always remain quite rigid; .
" that the angles between the longitudinal and the cross plates
shall be true right angles; and that, in a word, no twisting in
any plane shall take place. If the track were a dead level there
would be no risk of twisting; bat it is not level, and one corner
of the engine may be raised by a wheel on a ridge, while another
is lowered because the nearest wheel is in a hollow. Changes in
the amount and direction of the stress occur every moment. The
stresses are far too complicated to permit of mathematical treat-
ment. The designer never attempts to calculate their amounts.
He adapts the proportions, and method of riveting or bolting, -
which have been found by experience to be the best. Any con-
siderable change in design involves something of an experiment.
Risks are got over, however, by the simple expedient of making
things very strong.

Frames may be either “inside’” or “outside.” In the first
case the journals of the axles areinside the wheels. In the latter
case they are outside the wheels. The distance between the
bosses or hubs of the wheels cannot for a line of 4 feet 8} inches
gauge be more than 4 feet 5} inches, and with inside cranks
this reduces the length of the bearing or journal within narrow
limits. If the journals are placed outside, then the bearing can,
of course, be made as long within reasonable limits as may be
desired ; the load per square inch is reduced, and a substantial
advantage gained. But the cross breaking stress on the crank
axle is augmented; and besides, with coupled engines, cranks
fitted on the ends of the axles become necessary, and the design
of the engine ceases to be compact. With inside frames no
crank arms are used, the pins being secured in radial prolonga-
tions of the wheel bosses.

So long as engines remained small, and particularly with
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single engines, either the outside bearing or a combination of
the outside and inside bearings remained in favour. The com-
bination was in a way a compromise. Two short journals were
used, one inside, the other outside the wheel, which was then so
far supported that even if the axle broke anywhere but in a
journal the wheel could still carry its load, and the engine would
not be derailed. The advent of the big coupled engine, however,

F r
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F1a. 1.—Stephenson inside axle box.

gave the coup de grace to outside bearings, and they are very
seldom seen now except on old locomotives. But from the first
there was trouble. The crank axles of those days were not very
trustworthy forgings, and as far back as 1838 we find Robert
Stephenson putting in no fewer than four inside frames, which
were thus described by Mr. W. N. Marshall many years ago.
This description and the illustrations, Fig. 1, are worth pro-
ducing, because the inside frame to sustain the crank shaft
against the thrust and pull of the connecting-rod is still used.
The axle box also shows the system of wedges for tightening the
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bearings on the shaft, and also in the horn-plates. All driving
axle boxes are fitted with wedges to take up wear between the
axle boxes and the faces of the horn-plates, but only a single
wedge is used, as the small longitudinal displacement cannot
affect the running of the engine.

“ Four wrought iron frames A A, 8} inches deep and } inch
thick, are fixed between the smoke-box and the fire-box to
afford additional strength to the engine by securing firmly the
back plate of the smoke-box in which the cylinders are fixed, and
which has to bear the whole strain of the working of the engine.
These inside frames have also bearings in them for the cranked
axle, and hold it steadily against the action of the connecting
rods, by which it is strained alternately in opposite directions.
They are attached to the smoke-box by means of T -shaped pieces
of iron, which are riveted on to the inner and side plates, and
are bolted to the ends of the frame. The two middle frames are
made to approach each other, and are welded together at the
back end, so that there are only three bearings on the cranked
axle. The inside bearings shown in Fig. 1 are formed by
thickening the frame plate A to 2% inches at B. It is made into
two inclined limbs C C, and between which are placed the two
bearings G G, by which the axle is embraced. These are tightened
and adjusted by means of wedges E E, taken up by screws and
nuts F F. The lower ends of C C are united by a tube D placed
between them, and a bolt and nut passed through it.”

The plate frame possesses a good deal of lateral elasticity
through a small range, and this is of use. In the early days of
locomotive engines, Messrs. Sharp, Roberts & Co., Atlas Works,
Manchester, built hundreds of engines the side frames of which
were ash planks about 8 inches thick, secured between two iron
flitch plates. For the comparatively small locomotives of the
period these frames were most excellent. Fig. 2 is an elevation
of a standard type of engine constructed by Robert Stephenson
& Co. It was closely followed in design by Sharp, Roberts & Co.
The illustration is given here because the general features
of the design were copied for many years, and the arrange-
ment of the springs is used to this day. A few engines are
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still running with them ; indeed, at one period the ash side
frame was in extensive use. In the present day, however, only
the plate and the bar frame are used. This last was introduced
by Mr. Bury, of the firm of Bury, Curtis & Kennedy, about
the year 1888. As its name denotes, it is built up of a number
of rectangular bars, either welded together or secured to each
other with rivets, dovetails, and, in most cases, bolts. These

F1a. 2.—Stephenson standard locomotive, 1838.

last are turned dead true, and are made tight driving fits for the
holes into which they are put. In the early days the United
States possessed no rolling-mills which could make plates fit for
side frames. The average smith possessed skill enough to build
up frames from bars forged under a water-driven tilt hammer.
So the bar frame found favour, and although the United States
can supply steel plates of any required dimensions now, the bar
frame is still retained. It is a very good frame, and possesses
some advantages over the plate frame, but it is expensive to
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make and very costly to repair. The plate frame is so simple
that its essentials and its qualifications for the work it has to do
can be understood in a moment. This is far from being the case
with the bar frame, and an account of some of the modifications
which it has undergone is introduced here because its history
sets forth almost directly the nature of the stresses to which the
framing of a locomotive, no matter how constructed, is exposed,
and the way in which development proceeds. For the drawings
the author is indebted to the pages of the Railroad Gazette. In the
United States the bar frame has always been made in two pieces
as shown in Fig. 8, the front end carrying the cylinders and the
back piece the horn blocks for the axle bearings. Bury almost
invariably forged his frames in one piece, which he could easily
do because the engines were small, and it must not be forgotten
that when the plate frame first came into being it was made of
iron in three lengths with two welds. The modern frame is a
confinuous plate of steel. The great trouble has always been with
the joints. In Fig. 8, which explains this, is shown the arrange-
ment used in the earlier days—say 1845. The key was supposed
to save the vertical bolts some shear. While the cylinders were
small this plan answered fairly well; with larger cylinders the
bolts stretched and the nuts worked loose. Then came Fig. 4,
with the principal bolts a hard driving fit, and in double shear.
Double keys were used, but they twisted, and did not then help
the bolts. This was followed by Fig. 5. Still the longitudinal
alternating stresses were too much for the joint. Then came
Figs. 6 and 7, all still depending on bolts.

In some designs the frames had double bars—they are called
“rails” in the States—as seen in Figs. 8, 9, 10, 11, and 12. In
these it is clear that bolting had been carried as far as possible,
and for the more modern big engines a somewhat different
method of construction has been adopted, as shown in Figs. 18
and 14. Here the two front bars or ‘‘rails’ have been united
in a single deep slab, to which the cylinders are bolted. The
first frames made in this way had the fastening to the main
frame made as in Fig. 18, but they have to some extent been
superseded by the plan shown in Fig. 14.



Fig.5. RAE]

Fig.l6.
Fias. 3—16. -—The development of the bar frame.

Fig.9.
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Seeing how unsatisfactory in certain respects the built-up bar
frame has been, at least for large locomotives, it is not surprising
that attempts have been made to do away with it. The United
States locomotive designer is obstinately determined not to have
the plate frame, and he has turned his attention to the produc-
tion of cast steel frames in whole or in part. One is illustrated
in Fig. 15. The back ends of the frame being spared the worst
of the longitudinal stresses are very much what they always
were. One is illustrated in Fig. 16. It must be understood that
the engravings given here do not represent every kind of bar
frame in use. It lends itself to wide diversities of treatment, and
is much favoured on several European railways.

The plate frames are secured to each other by cross plates,
usually four in number—that is to say, one at the trailing end,
another just in front of the fire-box, the leading head stock
carrying the front buffer beam, and a very heavy, strong frame-
work supporting the bogie. There is besides the *spectacle
plate” or ““ motion plate,” which is a steel casting supporting
the outer ends of the piston-rod guides, and the valve motion.
The cylinders are in the present day usually cast in one piece,
and being bolted between the frames, stiffen them still further.
As has been said, the stresses to which the framing is exposed
are very great. Thus, in large engines, that due to the steam
effect on the pistons may reach as much as fifty tons. Then
there is not only the weight of the boiler and the water in it, but
the various stresses set up by the arrested momentum of the
boiler when the engine lurches or rolls.

For the bar frame it is claimed that it is on the whole lighter
than the plate frame, and that various parts may be more
conveniently secured to it, while it gives unexampled facilities
for access to the mechanism. But it has been found essential
to stiffen it by plates bolted to the frame and to the boiler, a
practice which has been almost given up in this country, as
grooving is very likely to take place where the stiffening plate is
riveted to the boiler shell. This grooving is the result of minute
bendings backward and forward of the boiler plate just where the
frame plate is riveted to it.
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The frame has to be fitted with wheels and springs. The
axles revolve in boxes, either made entirely of gun metal or of
pressed steel lined with brass or gun metal. The practice of
making axle boxes of cast iron has long since been given up.
At one time they were forged under a steam hammer; but about
1872 the late Mr. John Haswell, locomotive superintendent of
the Austrian State Railways, invented and constructed a very
powerful hydraulic forging press in which axle boxes, cross heads,
and such like were pressed out of white hot steel billets, at the
rate of about half a minute for each. An axle box is shown
diagrammatically in Fig. 17.

To the plate frames are bolted steel castings or forgings
called horn plates, in which
the axle boxes can move up
and down through a range
in Great Britain usually of
about 2 inches, in France,
often of nearly twice as much,
the springs being longer and
more flexible than in Great
Britain. When plate springs
are used, they either rest
directly or through the medium of struts on the tops of the axle
boxes as shown in Fig. 2. In some cases, however, the springs
are placed under the axle boxes and secured to them by links, as
in Fig. 17. Here A is the axle, B brass, C axle box; F the
spring, the ends of which are supposed to rest on rubbing plates
under the frame. The spring is coupled to the axle box by the
links E and the pin D. An example of the overhead spring is
given in Fig. 2. Coiled springs are favoured, because they save
space. They are invariably worked in compression.

In the United States almost always, in this country frequently,
the ends of springs are coupled to each other by what are known
as balance beams or compensating levers. An example is shown
in Fig. 18, which illustrates a portion of an American bar
frame locomotive. A is a compensating lever; at C is seen
the end of another lever. In this way stresses are eased, and

Fice. 17.—Axle-box.
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the engine runs more smoothly. For let it be supposed that
each spring works by itself, and has no connection with its
fellow; then it is easily understood that when a wheel is passing
over the summit of a wave in the rail, a large part of the load
will be taken off a neighbouring wheel in a hollow, and a corre-
sponding stress will be thrown on the whole frame, &e. If,
however, the ends of the springs are coupled by a balance beam,
then a portion of the extra load on the first spring will be trans-
ferred to the second, and the engine will run with more flexibility.
The risk of breaking springs or axle boxes is besides much

F16. 18.—Compensating lever.

reduced. Many engineers in this country hold, however, that on
a first-class road balance beams are quite unnecessary ; and, by
imparting too much resilience to the engine as a vehicle, tend to
promote rolling and pitching, and even to make it unsafe at high
speeds. When, however, an engine encounters a steep incline
which does not “melt into the level ” as it ought to do, the
leading springs may have so much extra load thrown on them
that they will break. Again, in running off the incline on to the
level again an extra load may be thrown on the driving wheel
springs. The evil has in some cases been so pronounced that
the road has been improved by modulating the incline at the
instance of the locomotive superintendent.
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So far only vertical stresses have been considered, and the
vehicle has been supposed to traverse only a dead straight road.
‘We have now to regard it from another aspect. Railways abound
in curves, and these have to be traversed at various speeds,
sometimes very high.

The smallest locomotives, such as are used by contractors on
civil engineering works, alone have four wheels and no more.
Until a comparatively recent period all but exceptional engines
were carried on six wheels. The practice then arose of carrying
the leading ends on a four-wheeled bogie, and this gave eight
wheels. A further increase in length brought in a fifth pair
under the footplate. An addition in size gave six coupled
driving wheels instead of four. The practice has recently grown
up of indicating the number of wheels thus: 2—4—2, which
means 2 leading, 4 driving, and 2 trailing wheels. Again,
4—2—2 means a 4-wheeled bogie, 2 driving wheels and 2
trailing wheels, and so on. In goods engines as many as twelve
coupled wheels are used, for the most part in the United States,
where at certain seasons of the year trains carrying as much as
2,500 to 8,000 tons of grain are hauled at speeds of ten or twelve
miles an hour from eastern corn lands to western seaports.

The so-called wheel base of a locomotive is the distance from
the centre of the leading to the centre of the trailing axle; the
wheels are all firmly secured on the axles by forcing them on by
hydraulic pressure, so that they must turn together. The end-
wise play of the axles in their bearings, and of the boxes in the
horn plates, is but a fraction of an inch. When the engine
stands on a curve, in order that all the wheels may fit it the frame
ought to bend to the same radius as the curve. This is im-
possible, yet it would also be a mechanical impossibility for a
rigid vehicle with six wheels to get round a rigid curve if the
flanges of the wheels fitted the rails closely. The difficulty is
overcome in various ways. In the first place the rails are always
about half an inch wider apart than the distance between the
flanges. This distance is increased to about an inch on sharp
curves. Secondly, one or more pairs of wheels about the mid-
length of the engindare sometimes made * blind,” that is to say,
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they are without flanges. Thirdly, one or more of the axles are
provided with boxes which can slide right or left in the horn
plates, a couple of inches each way. They are kept normally
central by strong coiled springs ; and lastly, there is the bogie.

Any reader interested is advised to set out a curve on a
drawing-board and set out a vehicle on it. He will see that no
matter how many wheels the vehicle has, it will do its best to
arrange itself as a chord to the are. Now a four-wheeled vehicle
can always do this without trouble, and the axles will approxi-
mate in position to radii of the curve. In this country it may
be taken that the minimum radius of curves traversed at any
but the very slowest speed is about 6 chains, or say 400 feet.
Let our four-wheeled vehicle be a bogie with a wheel base of
6 feet; it will be seen that to all intents and purposes both
axles are radii to the curve, with an approximation to the truth
80 close that the difference must be measured by small fractions
of an inch. Such a curve, therefore, could be traversed by the
bogie almost as easily as if the track were straight. If now we
take an engine with four wheels coupled near one end, and
support the other end on a bogie, all the axles will virtually
radiate to the centre of the curve. But a horizontal centre line
drawn through either a pair of coupled wheels or a pair of bogie
wheels will be a tangent to the curve, as the engine frames
extend for several feet in advance of the leading pair of driving
wheels, and, being a tangent to the curve, it follows that a central
line prolonged along this tangent cannot fall on the centre of the
bogie, but at some place outside it. Thus to get the best results
the whole bogie must be able to move inwards, or, what comes
to the same thing, the engine frame must be permitted to retain
its tangential position while rounding the curve.



CHAPTER II
BOGIES

Ar first sight the bogie appears to be a very simple thing whose
action can readily be understood. In point of fact, however,
this is not the case, and the bogie plays so important a part in
the present day that both the theory of it and practice with it

Fi1a. 19.—Bissell bogie.

deserve very careful consideration. It originated in the United
States. It is claimed for it that it was an English invention,
because small four-wheeled coal mine trucks were called “ bogies.”
But in the United States what we term ‘ bogies” always were
and are still called “trucks.” The first railways made in
America were very bad indeed, much worse than English rail-
ways, and the four-wheeled locomotives were continually running
off the road, particularly on curves. It was decided then to copy
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Fics. 20 and 21.—Great Northern swing link bogie.

the ordinary horse-drawn
vehicle and fit locomotives
with a species of fore
carriage. For convenience
this was made at first with
four wheels, while the
engine proper had but two.
No traversing gear was
required, because the lead-
ing end of the engine could
follow the bogie round the
curve. After a time it was
found that coupled wheels
were necessary. Traversing
then became essential, and
Mr. Bissell, an American
engineer, invented the
“ Bissell truck,” which had
two wheels while the loco-
motive had four. His was
a very clever device much
used at one time in the
United States, and still
enjoying favour there. The
accompanying diagram, Fig.
19, will tell the reader
almost at a glance what it
is. It is a plan of an im-
proved “ pony ”’ used on the
Great Northern Railway.
As first used the pony had,
as stated above, but one
pair of wheels. Afterwards
four wheels were employed
and it ceased to be a pony.
In this country it was fitted
to all the locomotives
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designed by the late Sir John Fowler for the Metropolitan
Railway. We have only to substitute a bogie with four
wheels for the single pair in Fig. 19, and the description will
apply. A frame A enclosed the axle; to the back end of the
frame was bolted a heavy flat bar triangle or tail D; through
the eye on the end of this passed a bolt C; and round this
bolt as a pivot the truck could describe an arc, swaying to the
right and left. It was essential, however, that it should always
tend to keep in the centre line of the engine. To ensure this,
the axle casing was fitted at the forward end with flat trans-
verse plates provided with inclined planes. The cross beam
under the engine was fitted with similar planes B which rested
on those first named.! Whenever the bogie moved to the right
or the left it had to lift the leading end of the engine, which,
tending to slide down the inclined planes, always returned the
truck to its normal position as soon as the locomotive, having
passed over the curve, entered the straight again. In the United
States a somewhat different arrangement is in use. The leading
end of the engine is hung by links from the bogie, which
virtually shorten, as the engine moves to left or right, in a way
quite obvious. The modern bogie is only a modification of the
original. Figs. 20 and 21 show a bogie on the Great Northern
Railway fitted with swing links.

A A are the cylinders, S the valve chest. The cylinders, and
with them the leading end of the engine, rest on a heavy casting D
circular in plan to allow the bogie to turn round the pin P. This
iron casting rests in turn on one of steel M. This casting has
no power of traversing—it may be regarded as part and parcel
of the engine. B B shows one of two cross beams. The
entire weight of the leading end of the engine is supported
by four links L L, and will always tend to return to the
position shown, just as a pendulum seeks its lowest position.
Traversing is obtained very simply in this way. A saucer-shaped
steel plate is pinned on the bottom of the upper casting, and a

1 In the Great Northern pony, the spring pedestals rest directly on the tops
of the axle boxes E. The circles show the enlarged ends of the pedestals
made of brass to reduce friction.

R.L. C
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similar plate is laid under it in M. This permits the bogie to
rock. One corner may rise while another falls, in a way that
will be explained further on.
It is desirable that the reader should clearly understand what
a complete bogie is like, which it is not easy to do from sectional
drawings. To this end Figs. 23 and 24 are given. The bogie
frame is usually a built-up structure like an engine frame. If,
however, it could be produced with a less number of riveted
and bolted joints a substantial advantage would be gained. The
Leeds Forge Company, Limited, has for years turned out great
quantities of flanged furnaces, &c., the

B flanging being done by an hydraulic

A press in a way which will be understood
c J from the annexed diagram (Fig. 22).

Here A is the plate to be bent, let
us suppose, to the shape of the lid of
D a pill box. C is the hollow top of a
hydraulic press of which D is the ram.
B is a fixed circular block, just as much
smaller all round than C as the plate is
thick. The flat circular plate is heated
to a dull red heat and placed as shown.
Then the ram is pumped up, and the plate is forced into C, curling
up all round the edges without crumpling or buckling. Of course
a trough could be made in the same way by using a long mould
and several hydraulic rams. The system is in use all over the
world ; but certain firms make a speciality of pressed work. The
Leeds Forge Company includes bogies of all kinds. Figs. 28 and
24 illustrate two standard wagon bogies made of pressed steel.
Fig. 28 is an open-ended bogie; the sides are united by the
cross beams near the middle. On the top of these is bolted a
casting with a circular boss. A similar boss is bolted under the
wagon body, which rests on it, a pin being dropped through
both round which the bogie swivels. As there is a bogie at each
end of the wagon no traversing motion is required. On each
side frame are seen bearing blocks on which a part of the weight
is carried. The axle boxes and the coiled springs in compression

Fig. 22.—Flanging press.
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Fi1G. 23.—Open end bogie.

F1a. 24.—Closed end bogie.

which transmit the load to them and the horn plates are all very

clearly shown. Fig. 24 is a wagon bogie with closed ends and

leaf instead of coiled springs. It is not fitted with brakes; the

open-ended bogie, Fig. 28, is. The hinged hanger gear for them

can be seen bolted to the cross beams. An enormous number of
c?2
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pressed steel bogies is in use; the Leeds Forge Company alone has
made 15,000 of them.

Figs. 25,26, and 27 illustrate a standard engine bogie designed
by Mr. James Holden, locomotive superintendent of the Great
Eastern Railway. Traverse is controlled, not by metallic springs,

Er

F16. 25.—Standard bogie, Great Eastern Railway.

. but by indiarubber dises, which Mr. Holden prefers because
they deaden the shock when an engine takes a curve. Engines
fitted in this way ride very easily. Sliding takes place on the
surface B. There is a cushion of indiarubber, C, between A and
the sliding portion above the top of the surface B. The amount
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Fi1a. 26.—Standard bogie, Great Eastern Railway.

of traverse is 1} inches. The slide is controlled by the six india-
rubber pads shown in the sections. The casting A is bolted

Fi16. 27.—Details bogie, Great Eastern Railway.

to the main frame, A! being one of the bolts used for this
purpose.
On the Great Western Railway Mr. Churchward uses a bogie
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which is a modification of Mr. Ivatt’s on the Great Northern.
Swing links are employed to give traverse. Fig. 28 illustrates
this bogie as fitted to Mr. Churchward’s latest design, the four-
cylinder simple engines of the Star class working the heavy
long-run West of England express. A strong casting A, closely
resembling an old Greek seat or stool, with four curved legs, of
which two are shown by B B, is bolted to the front end of the
engine and drops down between the bogie frames. Four links C
unite A with the bogie. So far we have the ordinary swing link.
The difference lies in the use of double suspension pins D D,

Fi1c. 28.—Swing link bogie, Great Western Railway.

one in each of the elongated holes. On the straight the engine
is carried on both pins. When a curve is taken the lower end
of C is swung on a curve to the right or left. The link then
leaves one pin and is carried only by the other. The condition
is then one of unstable equilibrium, and the front end of the
engine being raised it tends to fall and restore the link to a
bearing on both pins D D. The Great Western bogie is fitted
with the vacuum brake, the mechanism for which crowds all the
available space, and this arrangement is found more convenient
than the two inclined links of the Great Northern. The pins
D D run fore and aft between two cross beams uniting the two
side frames of_the bogie.
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Three typical bogies have now been illustrated. Those used
on other railways only differ from these in details, as, for example,
the use of coiled or leaf traverse springs instead of indiarubber
pads.

Reference must be made here to a very noteworthy express
locomotive designed by the late Patrick Stirling while locomotive
superintendent of the Great Northern Railway, about 1872, which
represented an exception. A number of engines built to this
design carried on the express traffic of the line for several years
with the utmost success, until, indeed, they were overcome by
the increasing weight of the trains which they were called upon
to haul. They had “single” driving wheels—that is, only one
pair—8 feet 1 inch in diameter, with new tires, and outside
cylinders 18 inches diameter by 28 inches stroke—at the time
probably the largest locomotive cylinders in the world, certainly
the largest in Great Britain. A pair of trailing wheels 4 feet
1 inch in diameler was placed under the footplate. The leading
end of the engine was carried on a four-wheeled bogie, with
wheels 3 feet 11 inches in diameter and 6 feet 6 inches between
the axles. This bogie was altogether remarkable and excellent.
It had no traversing arrangement ; no springs to restore it to the
normal ; no complications of any kind, and yet it did, up to a
certain point, all that the most complex bogie can do. It
swivelled on a pin like other bogies, but this pin was not put in
the centre of its length, but 6 inches nearer to the hind than the
front axle. If the pin had been placed in the centre of the length
of the bogie then the leading wheels could not follow the curve,
because the leading end of the engine would pull the whole bogie
outward. As, however, the pin was placed far back, then the
centre point in the length of the bogie could move inwards, which
is precisely what the traversing gear already described is intended
to permit, and the moment the curve had been traversed the
bogie would automatically set itself normal to the road. For
very sharp curves the amount of traverse which can be had in
this way is, however, not sufficient, but on the Great Northern
these engines ran with a minimum of resistance. D. K. Clark,
writing of them, says: ¢ The bogie leads better in having the
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1 99 —Travaraine leadine axle Tancashire and Yorkshire Railwav.
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leading wheels better in advance than if the pivot were equi-
distant between the axles. Not only do the leading wheels turn
to the curve with greater facility, but the hind bogie wheels make
less transversal movement towards the outer rail, and in so much
the guiding of the engine is eased.”

The place of the bogie is in some cases taken by the traversing
axle box, which has assumed several forms. One of the best was
that invented by the late W. Bridges Adams, and successfully
used on many railways, among others the London, Chatham and
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F16. 30.—Mr. Baldry’s rule for finding the centre from which
to strike the curve of a radial axle box.

Dover, and the Metropolitan extension. Fig. 29 illustrates a
traversing leading axle as used now on the Lancashire and York-
shire Railway. The axle C is enclosed in a curved casing or
inverted trough A, which carries at each end the axle box. The
spring strut is shown by D. Its lower end drops into a brass
foot or pedestal which rests on the flat top of the axle box, which
moves under it as the engine takes a curve. A is in the same
way enclosed in a trough B, which is part of the cross framing of
the engine under the smoke box. Suitable guiding faces are
provided on and in the two troughs; consequently the leading
wheels can move freely right and left in a curve the length of the
radius of which is that of the curve of B. To regulate and
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control the amount of the traverse, and to supply the necessary
effort required, as just explained, to get the engine round a curve,
a species of box E is fitted on the lower part of B, so as to clear
the axle. In thisis placed a coiled spring. Through the spring is
passed a bolt G, the ends of which are secured, as shown, to cross
heads H H bolted, as shown, to A. Cast iron blocks are placed
at each end of the coiled spring, and on these it bears. Brass
ferrules F F are interposed at each end, between the cast iron
block and the cross head. The spring is put in with some initial
compression. If now the axle traverses, the ferrule at one end
will be pushed in with the cast iron block away from I, and the
coiled spring will be compressed. Of course the same thing
occurs in reverse order if the curve is reversed. This arrange-
ment is typical of many others—in all the principle is the same,
the difference is in details. The rule for finding the centre from
which the curve of the axle casing is struck is given by Mr.
Baldry; z is the length of the radius wanted. The diagram,
Fig. 80, explains itself.




CHAPTER III
THE ACTION OF THE BOGIE

LEeaving now the construction of the bogie, let us consider what
it does, how it behaves on the road, its merits and demerits.

In theory the bogie facilitates the movement of an engine
round a curve. The entire weight of the leading end of the
engine is distributed over four wheels instead of two, and the
bogie’s action is to consolidate the track by sending the sleepers
down to their bearings on the ballast in advance of the driving
wheels. All this is meritorious to a very high degree; and it
has been plainly stated that the bogie greatly reduces the
chance of derailment, and indeed enables curves to be traversed
which without its aid would be quite inadmissible. So long as
speeds are moderate all these propositions may be accepted as
true.

It is, however, a fact worth notice that in former years derail-
ments seldom occurred with serious results. The cause of them
was almost invariably obvious. A rail was broken or the ballast
was defective, or points were wrongly set. The worst accidents
were collisions. In the present day the worst accidents are due
to derailment, and in notable instances no satisfactory explanation
has been forthcoming to account for the engine leaving the rails.
There are large numbers of locomotives still running which have
not bogies; they appear to be exempt from mysterious derail-
ment.! Under the circumstances it is not unfair to say that the

1 Tt is right to say here that many engineers maintain that there are no
such things as mysterious derailments, and that in far the greater number
of cases when an engine leaves the rails the fault lies in the permanent way
and not in the engine. The whole subject is dealt with statistically further
on.
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excellence of the bogie is open to question. We shall see
presently, when we come to consider the internal disturbing forces
of a locomotive, how these affect the bogie. For the moment we
must confine our attention to the external forces. We have seen
that these are of two kinds, vertical and horizontal. Of course
it is obvious that various combinations of both can take place.
The first is due to the absence of uniform level in the rails.
However carefully the platelayer may attend to packing up the
sleepers, the road always sinks under the tread of an engine, and
rises again when it has passed; the amount of sinking is a
variable quantity. Again, the rails spring between the sleepers
under the tread of the engine. The rail tables are not dead true.
The result of all this is that, as has already been said, the loco-
motive continually moves on a road full of waves of varying
altitudes and lengths. It is true that they are very small waves.
It is none the less certain that they make themselves felt—how
much felt the traveller in a luxurious carriage little knows. A
full appreciation of the good and bad qualities of the permanent
way of any railway can only be got by standing on the footplate
of a locomotive for a couple of hours while it runs at various
speeds.

In by far the larger number of locomotives the entire weight
of the leading end of the engine, say sixteen tons, is carried on a
bolster crossing the bogie frame, in such a way that it acts at
the centre of the bogie frame only. Each of the four corners of
the bogie will represent four tons, and that—Iless the weight of
the wheels and springs—is the weight pressing down each axle
box on the journal. This load is transmitted outwards from the
fore and aft centre line of the locomotive. There is nothing
whatever, so far, to prevent any one corner of the bogie from
rising or falling. If the right-hand leading wheel goes down half
an inch, the centre of the leading end of the engine bearing on
the bogie bolster would fall half as much, and so on. The
behaviour of a four-wheeled bogie on the road is very interesting.
As fitted to passenger coaches nothing is easier than to watch it
when two suburban trains run side by side. As a rule a leafed
spring is fitted over each axle box. It will be seen, however, that
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these springs never bend. The bogie is continually on the jump
as a whole, wheels and all, but it plays about the centre pivot.
The axle-box springs are of no use; and, indeed, some bogies are
made without them, elasticity being obtained by the springs
between the cross bolsters of the carriage frame and the bogie near
the centre. It has never been disputed that the ease with which
all the four wheels take the same load and transmit it to the rail is
an excellent thing. Bogies relieve the stress on the permanent
way, and for that reason are in favour with the civil engineering
staff of railways; but it will not do to forget that this very
freedom of motion may be a direct source of danger. It will not
do to leave the leading end of the engine to wander from side to
side. The bogie itself, too, is liable to ‘‘ get across the road.”
Its wheel base is short, and unless special precautions are taken
it may “ wobble ’—there is no better word—as it runs, and the
wobbling may throw the flanges of the wheels to the right and
left alternately with such violence that the wheel may escape
from the rails. Many engineers, therefore, insist that the wheel
base of a four-wheeled bogie shall be made at least half as long
again as the gauge is wide. In this country and in the United
States 6 feet is a very usual wheel base, but on the Continent,
and notably in Austria, a wheel base of as much as 9 feet is
favoured.

It is right at this point to bring a fact into prominence which
is frequently overlooked—it is that all the principal parts of a
locomotive possess a great deal of mass; in popular phrase, they
are very heavy. Mass is the complement of momentum, and
the stresses set up in starting and stopping motion are corre-
spondingly severe. Thus, if from any cause, such as crossing
points, &ec., the leading or trailing end of a bogie is violently
flung right or left, although the distance traversed may not
exceed three-quarters of an inch, yet there will be quite momen-
tum enough to cause a jerk and a recoil, and it may easily happen
that a very free and easy bogie may give a very unsteady, lurch-
ing engine at high speed.

Hitherto we have been considering the behaviour of a bogle on
a straight line. We have now to consider the behaviour of the
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bogie on a curve, a thing of the utmost interest in its relation to
the rest of the locomotive. The modern bogie is always, as we
have seen, permitted to traverse under the engine. If the bogie
is quite free to traverse across the engine it is clear that it can
do nothing to guide the engine round a curve. That duty would
then devolve on the driving wheels, or at all events on the wheels
next behind the bogie. But the bogie is never quite free. It is
always returned to the central position by inclined planes, swing
links, or springs shown in the illustrations. A compromise is,
in short, effected between perfect freedom of traverse and
absolute restraint of lateral motion ; and the result is that the
bogie guides the leading end of the engine round curves. To do
this requires an effort, the amount of which varies as the square
of the speed and the radius of curvature. In popular language,
the bogie has to overcome the centrifugal force acting on the
engine. Inasmuch as a good deal of confusion of thought
exists about all this, even among very well informed persons, it
is necessary here to go into some explanatory details.

It is an axiom of dynamics that a body moving freely in space
under the action of a single force will describe a straight line.
If it is to describe a curve of any order another force or forces
must also act upon it. An engine traversing a curve does not
want to fly outward, but to move straight on. It is not that the
engine would leave the line, but that the line leaves the engine.
The effort of the engine is to pursue a straight course which is
always a tangent to the curve; there is no effort at radial
departure made by the engine.!

The bogie then must keep on sluing the leading end of the
engine round the curve, while the trailing end is similarly worked
on by the other wheels. To calculate the centrifugal effort of
every portion of a locomotive on a curve would be a tedious and
a profitless task. In practice the whole “mass’ of the engine

1 Tt is for this reason that a locomotive running at speed is never derailed
radially. It runs off the line obliquely, and in many instances a derailed
engine has continued its course for several yards along the sleepers quite
close to the rails. This is just what might be supposed to happen if by any

a,gfucl;y the rails were suddenly pulled away to one side from beneath the
wheels.
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is supposed to be concentrated at the centre of gravity, and the

centrifugal stress can be determined by a very simple calculation,
2

C= 3_V2V__2V R Here C is the centrifugal effort which must be over-
come to make the engine follow the curve, W is the weight of the
engine, V?2 its velocity in feet per second, R the radius in feet
of the curve. In other words, the effort required to keep the
engine moving round the curve is equal to its weight multiplied
by the square of the velocity and divided by 32-2 times the radius
of the circle of which the curve forms a part.

Let us suppose that the curve has a radius of 600 feet, and
that the engine is running at thirty miles an hour, or 44 feet per
second, and its weight is fifty tons. Then the effort required to
keep it on the rails and prevent it from flying off at a tangent
will be approximately five tons. If the speed were sixty miles
an hour then the necessary centripetal effort would be twenty
tons, and so on. Now the effort must be distributed among the
wheels, and only those whose flanges can get access to the rails
can take it up. It may eacily happen that the distribution is not
uniform. Thus, if an engine is fitted with six wheels and a four-
wheeled bogie, both the bogie-wheel flanges resting against the
inner side of the outer rail will act. So will the first and last
wheel of the six wheels, but the middle-wheel flange cannot touch
the outer rail unless one or both of the other two are fitted with
a traversing arrangement or its equivalent, such as a blind tire.
It will be seen that while “blinding” tires gives freedom of
motion round a curve it also augments the stress on the flanged
wheels. ‘

Although it simplifies calculations to refer the whole effort to
the centre of gravity of a locomotive, really the stresses are
distributed about it in a very complicated way impossible to
follow as a whole. Thus, for example, we have to keep in mind
that the complete engine has not only to get round the curve,
but that it is also continually rotating round its own longitudinal
centre of gravity. Very complicated mathematics are involved,
and the result after all is fortunately not needed. The general
rule to be observed is that as many wheels as possible shall act
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on the outside rail to resist the tangential effort of the engine to
leave the line. It is, however, often assumed that if the leading
wheels radiate to the curve, the engine will follow just as a
motor car does when steered to right or left ; but the analogy is
far from perfect, because first, in the motor car, there is only one
pair of wheels to follow the lead, and the differential gear permits
the outer wheel to move just as much faster than the inner wheel
as corresponds to the extra distance which it has to pass over;
but besides this, the motor car is subjected o centrifugal effort
just as the locomotive is, and the effort may suffice to skid the
car across the road, producing side slip which is the analogue of
derailment.



CHAPTER 1V
CENTRE OF GRAVITY

So far, although the subject has been treated as though the
whole effort has been concentrated on the centre of gravity of the
engine, nothing has been said concerning the position of that
centre. For anything to the contrary it might be at the rail
level, and the outward thrust of five tons named above might be
supposed to be exerted directly on the inside of the rail. In
point of fact the conditions lack this simplicity. The vertical
centre of gravity is somewhere between 4 feet and 5 feet above
the rails, according to the design of the engine. The centrifugal
effort consequently tends not only to make the engine leave the
rails, but to upsetit. Overturning will take place, if at all, on the
outer rail as a pivot, and complete upsetting cannot occur until
a vertical line drawn through the centre of gravity falls outside
the rail. Regard the triangle C E F, Fig. 81, as a solid block
standing on a table. Then C represents the base, on the width
of which, as compared with the height, the stability of the triangle
depends.

At one period in the history of the locomotive it was held to
be good to keep the centre of gravity low, because upsetting was
feared ; but it has long been recognised that while the chances
of an engine overturning are very few, a rise in the centre
of gravity confers substantial advances, which may now be
considered.

In the diagram, Fig. 81, let the arrow A indicate the centri-
fugal effort supposed to be concentrated at the rail level. Let
this effort be represented by screw jacks, A and D, laid on their
sides, one for each wheel, tending to force it off the rail. The
resistance to derailment will then be measured by the stress with

R.L. D
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which the wheel presses down on the rails due to gravity! and
it will be resisted by the chairs and keys supporting the outer
rail, B.

Next let the screw jacks, as represented by the arrow D, act
at a level 4 feet 6 inches above the rail ; we then have, instead of
a single stress, two. The first as before horizontal, and the
second exerted along the inclined line E. It is easy to see that,
by the ordinary laws of the composition and resolution of forces,
the whole derailing effort is concentrated along the line E. The

b B
N° 1 Ne 2‘
E
A F
D——)j (4] B C

Fic. 31.—Centrifugal effort.

result is that the load on the outside wheel is much increased,
that on the inside wheel much diminished. The effort to burst
the track is reduced, and the resistance to derailment augmented.
But it must not be forgotten that while the chances of derailment
are minimised the risk of overturning is increased. Mr. John
Audley Aspinall, while chief mechanical engineer of the Lanca-
shire and Yorkshire Railway, of which line he has been general
manager for some years, in the course of a report on the

! In the sense that the greater the weight, the greater the effort required
to force the flange over the rail.
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type of locomotive most suitable for high speed, presented
to the International Railway Conference some ten years ago,
wrote: “The oscillations of an engine with a high centre of
gravity will be longer than those of a low engine. It will
also ride easier, owing to the elasticity of the springs being
brought more into play. This is also conducive to the
reduction of side shocks and the stresses in the wheels and
axles are minimised. It must not, however, be overlooked that
the higher centre of gravity, when passing round a curve, causes
the load on the inner rail to be diminished, and as the front
end of the engine is liable at any time to be thrown violently
to the inside it will have a tendency to leave the road if the
super-elevation of the outer rail is excessive. The effect produced
by raising the centre of gravity will be readily understood if the
reader will compare No. 1 and No 2 and the relation which C
bears to E in each.”

Other things being equal, the lower the centre of gravity
the greater the chance of derailment due to centrifugal effort,
and the less the chance of overturning, and vice versd. Now in
practice curves traversed on main lines at high speeds have
radii so great that the chance of overturning is very small,
and a high centre of gravity gives an engine which runs easily
and does not stress the road sideways. The reason is that
the vertical component of the centrifugal effort tends as shown
to compress the outer and relax the inner springs. In other
words, if the derailing effort were concentrated at the rail level,
there would be no resilient resistance offered to it; but the
elevation of the locus of effort bringing the springs into play eases
the movement round the curve. For the mere purpose of
explanation or calculation it is assumed that every portion of
the engine traverses a true curve in a determinate circular path.
In practice, however, this is very far from being the truth. A
locomotive always gets round a curve in a series of jerks, so to
speak. It is as though the permanent way represented a
polygonal instead of a circular path. Why this should be,
and the influence of small matters of detail in design and
construction, must now be explained. To do this it is necessary

D2
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to consider the effect of an expedient universally adopted to
add to the safety and improve the running of railway vehicles
round curves. The outer rail is raised above the level of the
inside rail, the amount of super-elevation is given by the
V2
formula E = W 1% R
W the gauge in feet, V the velocity in miles per hour, and R
the radius of the curve in feet. For moderate curves plate-
layers work to a rule which is sufficiently exact for ordinary
railway practice. They stretch a 66 feet tape as a chord of the
curve, and then measure the distance between the tape and
the rail at 838 feet; that distance is the super-elevation. The
purpose served is precisely that with which a cyclist turning
a corner or racing round a circular track inclines inwards.
Racing tracks are indeed very steeply inclined when the turns
are sharp. Unfortunately the super-elevation that is suitable
for one speed must be too great for a lower speed, and too
little for a higher speed, and that not only as the speed, but
as the square of the speeds. In practice the super-elevation
is “jimmered "—that is to say, a compromise is arrived at, the
tendency being to make the super-elevation too great. So far
nothing has been said about wheels. They will be more fully con-
sidered presently. For the moment it is enough to say that when
tires are new they are slightly conical. The inclination is usually
one in twenty. The object is to keep the flanges away from the
road as much as possible. Let us suppose that the difference in
the inner and outer diameter of a 6-foot wheel is 04 inch, then
the circumference will be a little over 1 inch greater inside,
next the flange, than outside, and the difference between the
two circumferences will be about 2 inches. The outside wheel
on the curve therefore has a longer distance to traverse per
revolution than the inside wheel, and this of course tends to
compensate for the trouble due to the wheels being rigidly
secured to the axles, but in practice we find that, thanks to the
super-elevation and the coning, the wheels continually slip
across the rail tops, moving outwards and then inwards. In
a word the whole traverse of a curve is always effected, as stated

Here E is the super-elevation in inches,
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above, in a series of jerks, the violence of which depends on the
condition of the road, of the tires, of the axle boxes and springs,
and of the good or bad qualities of the design. In some cases
the engine ‘‘rides” like a coach, the slipping being almost
imperceptible, in others the action is very disagreeable and
injurious to the track.

One more adverse influence has to be explained, that is
to say lurching or rolling. It can best be illustrated by a
practical test. If the reader will stand on a railway platform
and watch an engine coming towards him at speed he will

see at once what takes place. Indeed, if the road be not in

perfect order and the engine well designed, he may now and
then feel a little surprise that derailment does not take place.
But the essential condition of safety is that the wheels should not
lift off the rails. The rolling and jerking and pitching all take
place, be it remembered, above the wheels. These last are always
practically, at least in so far as all but the drivers are concerned,
in contact with the rails. The movements of the engine above
them are at once controlled by the springs and due to them,
and therefore the  springing” of an engine is a very nice
question of design, as on it a great deal depends. Diversities of
opinion exist as to the amount of resilience permissible. The
maximum range of motion allowed in an axle box in this country
is, as has already been stated, about 2 inches ; abroad it is almost
always 8 inches, not infrequently 4 inches. But balance beams
or compensating levers profoundly affect the range.

So far we have confined our attention to the engine only, but
the engine when at work is either coupled to a tender or a train.
In the former case, two buffer heads, actuated by a powerful
cross spring or two helical springs under the tender, rest
against the transverse hindermost plate of the engine framing.
The tie bar between the engine and tender is secured by a pin
dropped into eyes in a casting under the footplate provided for
them. The result is that the engine and tender resist lateral
bending effort, and so the stress when passing round a curve
is increased. The same thing happens when a tank engine is
tightly coupled to a train.
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A review of all the conditions shows that a locomotive engine
and tender are specially contrived to run straight on straight
roads; and that although devices are provided to permit the
lateral flexure required to traverse a curve, yet that all these are,
regarded from one point of view, of a nature to favour derailment,
and that so powerfully that a mistake might easily render it
impossible for a locomotive to traverse curves of even great radii
without risk. Thus, for example, a long six-wheeled engine tight
to gauge could not get round if the controlling springs of a
traversing axle were too stiff and unyielding. It may be added
. that the conditions are so variable and complicated that minute
caleulation is set at defiance, and the lateral resistance put in is
settled by the results of experience, and it is never made greater
than will just suffice to meet the conditions.

Before leaving this section of our subject it is worth while
briefly recalling to the reader’s notice a few important facts. In
the first place, as has been already set forth in Chapter I., if a rail-
way were absolutely level and smooth, and the wheels truly
cylindrical, springs and bogies would not be needed. At the
most, indeed, india-rubber blocks interposed between the axle
boxes and frames to deaden vibration could satisfy all the
vehicular conditions. Secondly, the railway of reality is curved.
It is not level and it is not smooth. The task of the designers
and builders of locomotives is not only to produce a machine
which can pull a train, but to reduce to the lowest possible point
the effects of the external disturbing agencies due to the imper-
fections in the road. It is not enough in getting out a design to
put in sufficient boiler power, an excellent engine, and so on.
The locomotive as a machine which has to traverse an imperfect
road at a very high speed is a much more important considera-
tion. It will not do to say of a given engine that it is more
economical of fuel than any other on a given line, if it is feared
that it will run off the track if driven at more than 50 miles an
hour. This, it may be added, is in no way a fancy picture;
many engines of the kind have been built. Take, as an example,
the Great Liverpool, a very powerful engine designed by the late
Mr. Thomas Crampton many years ago. The engine could not
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be used because it broke the rails. In the present day, a wide
difference exists among locomotives doing the same work at the
same speeds, some being much lighter on the permanent way than
others. It has been said of a big engine that ‘“ she never got
through a week without breaking a rail.” Too much stiffness,
too much flexibility, bad springing, bad distribution of- weight,
and various other factors which will be dealt with when we come
to consider the internal disturbing forces of a locomotive
contribute to the unhappy result.



CHAPTER V
WHEELS

OsviousLy, the wheels of a vehicle are an important part of it.
It is time now to speak in some detail of those of a locomotive.
In the earlier history of locomotives they were made of cast iron,
round which a wrought iron tire was shrunk on; the tires were
rolled in straight bars, cut off in lengths, scarfed at the ends,
bent into rings and welded. They frequently broke at the weld.
It is said that in the early days of the London and Birmingham
Railway a driver of an up train at night, when passing Tring, felt
the engine jump, but nothing more happened except that she ran
roughly the rest of the trip to London. On going round with
hislamp at Chalk Farm he found that one of the driving-wheel
tires had come off. The journey was completed on the wheel
centre. The tire was found in the ditch next day near Tring.
Very dreadful accidents have resulted from broken tires.

Many years have elapsed since a method of producing tires of
solid steel without a weld was invented, and tires so made are
invariably used now. A suitable steel billet or ingot is forged
into the shape of a cheese under a heavy steam hammer.
Through the centre of this steel cheese a succession of punches,
larger and larger, are driven until the cheese has become a very
thick ring. This is heated and placed on the beak of a special
anvil, and forged out until it is perhaps half the finished
diameter, and is then put on to the central vertical roller of a
very powerful machine.

There are various tire-rolling machines in use. It will suffice
to illustrate one of the latest type, which is made by Messrs.
P. R. Jackson & Company, Limited, Salford, Manchester. In
the space at disposal it is impossible to illustrate the details of a
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very large and complex machine ; only the outline is given on
page 41, Fig. 82. It is 20 feet 6 inches long on the floor line,
and about 15 feet high from the base. The tire, whatever its
diameter, is laid on a horizontal circular table A. The tire is
first roughed out between the two rolls to the section marked B;
then the table is raised and the tire is passed through the
grooves C, and again through the grooves D, and so finished.
Described more in detail, these mills roll tires up to 9 feet
diameter. The tires are rolled on a horizontal table, the rolls
being vertical, and having two to four grooves for roughing and
finishing the tire at one operation. The table carrying the tire
is adjustable vertically to suit the rolls. This adjustment is
quickly made through a hydraulic cylinder and suitable gearing.
The table is fitted with rolls for carrying the tires, and with a
movable carriage moved back by the tire as it enlarges, and
carrying a top roll, assisting to keep the tire true ; also with side
rolls working on slides. A very sensitive gauging apparatus is
provided for indicating the size of tire, the pointer and index
being on the front side of the main frame. The levers and
handles are also on the same side and placed as most convenient
for use. In some cases the main or large roll is cast complete
and the grooves turned in it, the roll then being changed for
different sections, or, as is now more general, the centre of the
roll is a forged steel shaft, and loose rolls for the various sections
are put on it. These loose rolls are readily changed for the
various sections. The smaller roll working inside the tire is
quickly raised and lowered by a hydraulic cylinder. The large
roll moves in and out a distance of 21 inches, allowing for the
changing of the loose rolls and the greatest thicknesses of tire
blooms. The roll is carried by bearings at top and bottom on
strong slides worked by screws in the main frame. The slides
have a slow speed for the rolling pressure and a quick speed for
bringing the rolls up to the work and for reversing. The roll is
turned by a large bevel wheel at the foot, driven by a steel bevel
pinion on the shaft running under the main frame to the driving
wheels at the engine.

The mill consists of a cast iron main frame, fitted with strong
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slides and screws for moving the main roll shaft in and out, the
slides forming the bearings for the roll. The main frame carries
the bearings for the small roll, and is provided with a bracket
and hydraulic cylinder for lowering and raising this roll in and
out of the tires. The frame also carries a double cylinder engine,
8-inch cylinders with quick spur gear and slow worm gear for
working the slides (carrying the roll shaft) in and out. The roll
shafts are of steel, the shaft for the large or main roll, i.e., the
roll working on the outside of the tire, being 18 inches in
diameter at the bottom bearing, and it can be made up to
11 inches diameter of top bearing. The shaft for the smaller
roll, i.e., the roll working on the inside of the tire, can be made
up to 11 inches diameter in the top bearing. The large roll
shaft is also supported on a cast iron sliding footstep and stand,
and is provided with a steel bevel wheel about 6 feet diameter
and steel pinion about 2 feet 9 inches diameter, 5-inch pitch,
14 inches wide.

The positive screw motion for forcing the rolls together during
the rolling ensures an even thickness and full section and true
rolling of the tire, which is said to be lacking in mills with only
a hydraulic forcing motion. The hydraulic motion is found to be
more or less yielding, and to give unequal thicknesses and hollow
places on the surface of the tire. About 100 wagon tires can be
made per day.

As far back as 1835, John Day invented and patented a method
of making railway wheel centres which was universally adopted
and remained in use until a comparatively recent period. He
welded up, in wrought iron, T-shaped pieces, each of which formed
a portion of the circular rim, one spoke and a part of the hub or
boss. The whole was gradually welded up by highly skilled
wheel-smiths. The hub being first completed, the ends of the
portions of the felloes—the heads of the T’s—did not abut
against each other, filling pieces called ‘‘ gluts” being welded
between them. Very great care was required to secure sound
welds and a good finish, the forgings undergoing little dressing-
up after they left the smith’s shop. The hubs were bored to fit
the axle, and turned up to a true circle. The tire was subsequently
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shrunk on. The wheels were forced on to the axle by hydraulic
pressure and put in a tire lathe, by which they were made truly
cylindrical. Very beautiful workmanship distinguished most of
these wheels. About the year 1860, M. Arbel, a French iron-
master, greatly simplified the whole process. The separate parts
were stamped out in dies and then grouped. The whole was
raised to a welding heat. A white-hot cylindrical plate of iron
was put under and another over the inner ends of the spokes,
and the whole placed under an exceedingly powerful hydraulic
press and welded up at one blow, so to speak. Large driving
wheels required two heats to finish them. In 1862, in London,
Herr Krupp, of Essen, exhibited cast steel disc driving-wheels.
That is to say, the place of the spokes was taken by a dise, not
flat, but slightly curved in and out to give elasticity. They were
marvellous castings for the period, or indeed for any period.
What they cost, who can tell? It was claimed for them that they
did not raise as much dust as spoke wheels. They were tried in
Germany, but nothing came of them.

For many years the wrought iron wheel has been given up.
It was very expensive to make and so full of centres of danger in
the numerous welds that it was easily superseded by cast steel
as soon as the steel founders had overcome the difficulties which
attend the production of all steel castings. These difficulties are -
largely the result of the very high temperature at which steel
melts. One consequence is that the metal when poured attacks
the surface of the mould, melting the sand, and so not only
injuring the surface of the finished casting, but developing gases
which are occluded in the steel, producing blow holes and honey-
combing. The history of steel founding is for many years a
history of failure. By degrees troubles have been overcome, and
steel castings can now be had with as much certainty of sound-
ness as those of cast iron. To the late Mr. Francis Webb,
locomotive superintendent of the London and North Western
Railway, the world is indebted for an exceedingly beautiful
method of casting steel wheels. The moulds are mounted
horizontally on whirling tables, and as the metal is poured in at
the centre, the moulds revolve, and by centrifugal effort the metal
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is forced outward into the minutest cranny of the mould, and
sound castings result. For locomotives and tenders the use
of cast steel centres is now all but universal. Some very
ingenious machinery has also been introduced for cutting felloes
and spokes to shape, or, more strictly speaking, taking off the
rough surface of the casting, and so imparting that finish of
which British engineers are proud.

In all cases the wheels are fitted with separate tires. These
are usually 8 inches thick in the tread, before they wear. They
are put in the lathe and turned up from time to time as they
wear until they are reduced to about one half their original
thickness, when they are seni to the scrap heap and replaced by
new tires. The wheel centre never wears out, and breakages are
very rare. It is a matter of the last importance that the tires
shall be firmly secured on the wheels. The shrinking on is a
very simple matter. The tire is bored out a small fraction of an
inch too small in diameter to go on the wheel centre cold. The
usual allowance for shrinkage is as follows: for 4 feet internal
diameter, ‘042 inch; for 5 feet, ‘049 inch; 6 feet, ‘058 inch,
which are the thicknesses of wires, Nos.19,18,and 17, Birmingham
wire gauge. The centre is laid flat on a large circular cast iron
slab similar to that which may be seen outside village smithies,
and used for putting tires on wooden cart wheels. Close by is a
reverberatory furnace, in which tires are heated while resting on
a sand bed to little more than the temperature of boiling water.
A couple of labourers take out a tire with the aid of a small
crane, and brushing away dirt they drop it down on the wheel
centre. If it is a shade tight the blow of a heavy wooden pounder
sends it home. As it cools it contracts, and seizes the wheel
centre. In some cases the tire is heated by a ring of gas jets,
urged by a moderate blast. This is cleaner and much less likely
to set up oxidation of the surfaces than in the furnace. For
some sections of tire, as will be understood further on, the process
is reversed. The tire is laid on the plate and the cold wheel
centre is dropped into it. Much care is taken that the boring
of the tire and the turning of the wheel centre shall be so
managed that the tire shall not be stressed when in place to



46 THE RAILWAY LOCOMOTIVE

much more than about one-third of its elastic limit. The
difference in diameters is expressed, as stated above, in terms of
a fraction of an inch per foot in diameter of the wheel. The
fraction varies with the nature of the steel used, and indeed with
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the views of the wheel maker. Usually the amount of contrac-
tion allowed for is the result of practical experience rather than
of theoretical estimati