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PREFACE TO THE NINTH EDITION

Tue first edition of this book was published in 1908, and during
the intervening four decades the volume has long since come to
be recognised as a standard textbook. In 1928 it reached its
sixth edition, which was a large one, and lasted without change
for cleven years. In any form of engineering practice, much may
happen in the course of ten years or so, and this proved to be the
case in locomotive engineering and design in the early 1930s.
Seientific rescarch played an inereasingly important part in
improving the thermal efficiency and general reliability of the
steam locomotive.  This was occasioned in part by economic
requirements, and also under the urge from competitive forms
of transport and alternative forms of railway prime mover.

With railway transport, electric traction was developed
extensively (particularly, in  this country, by the Southern
Railway), and the diesel engine for the first time became a for-
midable competitor for various types of work. In Great Britain
the use of the diesel engine has been confined to shunting, for
which its flexibility is peculiarly adapted. In many overseas
countries the diesel railear inaugurated a new era of ultra-fast
passenger serviee, and the diesel locomotive enabled high speeds
to be maintained regularly, such as had not been envisaged only
a few years carlier.  British locomotive engineers continued to
pin their faith to the well-tried steam locomotive as a prime
mover, and produced machines which amply demonstrated their
ability to maintain speeds in excess of 100 m.p.h. when required.

Consequently, a more drastic revision than any previously

undertaken became necessary when the seventh edition of

* Locomotive Management © was published in 1939, so that
work might be brought into line with present-day locomotive
standards, alike in regard to matters of design and construetion,
and those relating to cleaning, driving, and maintenance. Never-
theless, it was also borne in mind that large numbers of locomotives
continue in use, which, although they are eapable of discharging
their duties in a satisfactory manner, do not conform to the most
modern standards of design and construction. Thus, references
were retained in the text to materials and manufacturing methods
that have ceased to be used in new contruetion of express passenger
locomotives, but are far from being obsolete in ordinary operating
practice. This is still the case, as the intervening six years of war
resulted in a virtual suspension of technical development in
locomotive construction, at any rate for peacetime needs.
Moreover, war destruction and insufficiency of new building have
resulted in locomotives which were destined for serapping being
reconditioned for a further period of service.
1
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The eighth edition was published in 1942, less than four years
after the issue of the extensively-revised seventh edition, largely
by reason of war conditions, After the outbreak of war, there
was o large increase in the number of firemen and drivers, and
the more rapid promotion of the staff created a considerable
demand for a book which was recognised in railway circles as a
standard textbook for cleaners and firemen in studying for the
examinations which must be passed before they become firemen
and drivers respectively.  Generally, the eighth edition was
produced with comparatively minor alterations, so that the
work should not go out of print, although new classes of
locomotives adopted in Great Britain formed the subject of
half a dozen new illustrations.

Mr James T. Hodgson, the joint author with Mr John Williams
of the carlier volumes, died on January 21, 1939, immediately
after the seventh edition was published.  Mr Charles S. Lake,
who had become joint author with Mr Hodgson for the seventh
cdition, assumed sole responsibility for the eighth edition, but he
died on November 18, 1942, on the precise day that the first
completed copies were received from the printer ; thus he never
saw the finished work.

With the present edition, the text has been subjected to
complete revision, although no fundamental change has been
made in the structure of the book. Rewording of various sections
has been designed to secure great elarity and simplicity, as a
result of experience in the use of the volume ;  developments
with permanent way that have their repercussions on locomotive
operation have been borne in mind ; the extended use of wheel
arrangements that formerly were unknown or little-used in this
country has caused the locomotive classification section to be
rewritten ; and all references to the use of oil firing have been
brought into line with the post-war position resulting from acute
coal shortage.

A fire in Edinburgh destroyed the whole of the type and
illustrations of the eighth edition, and it was necessary to begin
afresh with production of the present book.  Opportunity was
taken to redraw in standard form (in the drawing office of
The Railway Gazette) the many line diagrams which illuminate
and explain the text.  All the photographie illustrations are new ;
subjeets which arve felt to be incapable of substantial improvement
have been repeated, but many are new photographs taken specially
for this edition.

It is desired that the book should continue to be of service
not only to the enginemen themselves, whose duties (responsible
Hmughlllu'_\’ are) are confined mainly to handling the locomotives
on the road, but also to the personnel of the running-shed staffs,
mechanies, appr mtices, and to all whose daily work brings them
into contact with the * servicing,” maintenance, and operation
ol the engines. p

Many important features of locomotive equipment have been
designed specially to facilitate the work of the driver and fireman,
and those employed at the locomotive depots. The inereasing
care which is being devoted to placing equipment at the ready
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v PREFACE TO THE NINTH EDITION

disposal of the driver is exemplified by the footplate arrangements
of the ** Merchant Navy ™ and * West Country 7 Pacifics of the
Southern Railway, the most noteworthy new types to appear
during the war years. Every necessary control has been placed
within reach of the driver’s hand, so that he may have no need
to rise from his seat in ordinary running.  With coal firing, the
fireman’s work has been eased by the pedal-controlled steam-
operated fire doors, which provide a substantial assistance to
manual firing.  Hlumination with ultra-violet lighting of the
fluorescent dial marks of all the eab gauges is another improve-
ment, as it makes everything clearly visible in tunnels or after
dark without interfering with the look-out ahead. The availability
of electrie light all over the engine is another advantage which
It 18 unnecessary to stress.

The chapters relating to shed regulations, to elearing house
rules, and to colour-light, semaphore, lamp, and whistle signals,
ete., together with the examinations thercon, have been revised
to conform in all respects with present-day regulations.

The Appendices include deseriptive matter and illustrations
of special equipment, and give a representative selection of eab
and  footplate arrangements of locomotives helonging to the
British and certain of the Irish railway companies.  In addition,
there are outline drawings of noteworthy locomotive types, with
principal overall dimensions, weight distribution, and  other
particulars set. out below them.

Grateful acknowledgment is made of the assistance in the
preparation of this edition (as formerly) rendered by the respective
Chief Mechanieal Engincers of the British and Irish railways.
The courtesy of firms manufacturing many of the spl-(-iulil'ius
mentioned is acknowledged for their co-operation in preparing
materials, and for loaning photographs and drawings. Thanks are
due also to Mr H. A. Vallance for his eare in checking details,
and in the layvout of the text and illustrations.

C E L

Loxpox, 1947
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INTRODUCTION HOT-WATER BOILER WASH-
ING-OUT SYSTEM — SHED REGULATIONS
LOCOMOTIVE WHEEL ARRANGEMENTS
HEAD-LAMP CODE

From cleaning to driving may sometimes appear a long and
IIIHI'II.\ path to the rising fireman or cleaner, ere the responsible
position of locomotive driver is attained.

[t may be taken that the young man, whose ambition is to
be some day the driver of an express passenger train, already
will have satisfied the locomotive superintendent or shed foreman
as to his eredentials, and have passed satisfactorily through the
height and sight tests.

Beginning as a cleaner, in many sheds he will first be given
less important jobs, but in a matter of a few months should
find himself entrusted with the cleaning of express and other
passenger engines, in the appearance of which the company
naturally takes more pride.

It is during this engine-cleaning period that the foundation of
the future driver’s career is laid. To be smart, civil, and obliging,
and to have his engine reasonably clean, are the very  best of
recommendations,

So as to be in readiness for the time when he is ealled upon
as a spare fireman, the cleaner should be taught to note how
the fireman makes up his fire, and be trained to make himself
thoroughly acquainted with the different classes of oil-cans,
tools, fire-irons, ete., and to give a helping hand to either driver
or fireman if required, paying particular attention at the same
time to the serewing up or packing of glands.

Among other things, the cleaner should watch the washer-ont,
the taking out of the plugs, how the rods are used for removing
the dirt, replacing the plugs, filling up the boiler, cleaning or
burning out the blast-pipe, and sweeping the tubes, cte.

The tubes may be swept with a tube brush, by a jet or jets of
steam  discharged through a portable pipe of convenient size
for handling and known as the steam lance, or by the Willcox-
Ramoneur  hot-air impelled apparatus.  With this appliance
the steam used is superheated by passing it through a restricted

I
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nozzle, and mixing the steam with many times its volume of hot
air ; the mixture is then projected with a rotary rifling motion
at a high velocity into the smoke tubes. The scouring action thus
obtained accelerates the removal of soot or ashes, and the
apparatus is manipulated casily by one man across the smoke-
box, with the fires damped down in engines without superheaters.
When the latter are fitted, as nowadays is usually the case, many
of the tube ends in the smokebox may be inaccessible from the
front, in which case special means are provided whereby the
apparatus may be operated through the tubes from the firebox
end of the boiler. This process is carried out in the running shed,
and the apparatus is something apart from the devices used for
cleaning the interior surfaces of the boiler tubes while the loco-
motive is in motion. The latter, usually called * soot blowers,”
are described and illustrated in Chapter 3, pp. 44-49,

When filling the boiler it will be seen that the regulator
is left open as an outlet for the air which is displaced by the
water in the boiler. It will also be noticed that the water does
not show more than 2 in. in the glass when cold. After the fire is
lit, however, the water will be scen to have expanded considerably.

The usual method of washing out locomotive boilers with
cold water takes a considerable time, as the engine has to stand
for a long period to cool down. To meet the demands of traffic
it is often impossible to allow locomotives to stand long enough,
and therefore cold water is admitted to the boilers to cool them
down, thus damaging the plates, stays, tubes, ete., through the
sudden reduction of the temperature, which, as is well known, is
exceedingly detrimental to the life of these parts.

Then, again, the raising of steam from cold water takes some
hours, so that the customary method of washing out takes
altogether about fifteen hours on the average, entailing the
locomotive being out of use for this period.

It is a well-known fact that the more frequently locomotives
are washed out the better are the steaming results obtained, and
with this end in view a hot-water boiler washing-out system
has been designed, whereby the engines, on being brought into
the engine shed, are blown down, washed out with hot water, and
filled up, also with hot water. The temperature of the water
is preferably about 180° for washing out, and about 210° for
filling up.

Fig. 2 is a diagram showing a double-tank plant as installed
in large locomotive running sheds on British and other railways.
It is manufactured by the Economical Boiler Washing Co. Ltd.,
of London. The system is divided into three parts, viz., blowing
down, washing out, and refilling, and the order and method of
operation is as follows :

For blowing down, the locomotive is run into the engine
shed, the fire drawn, and the blow-off cock connected by metallie
hose to the drop pipe 1, which forms part of the main blow-down
line 2 of the system. The steam and water from the boiler pass
along the main blow-down line 2 into a separator A, where they
strike a baffle plate 3, and are broken up into a spray or film.
Hot water is filtered and passes into the wash-out tank D. The
steam separated from the water passes along pipe 4 to heater B,
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wherein it heats by direct contact cold fresh water admitted
through the pipe 5 from cold water main 6. This admission of
cold water to heater B is automatically controlled by flop valve 7
in the main blow-down line operating valve 8 in the cold-water
supply pipe 5. The water heated by the steam in the heater
B passes into the filling tank F.

The washing-out system will next be described.  When the
boiler is empty, the blow-off cock is closed and the plugs are
removed. Armoured rubber hose is connected to the drop pipe 9,
which forms part of the main wash-out line 12, Water is pumped
by the pump E from the wash-out tank D through pipes 11 and
12 to the shed. The boiler is now washed out in the usual way,
and it is necessary that the rodding should not be neglected
when washing out is proeceding. The next process is that of
refilling. To effect this it is necessary to replace the plugs and
connect the blow-off cock by means of the metallic hose to
the drop pipe 13, which forms part of the main filling line 16.
The boiler is now filled with clean water which has been heated
by the steam blown out of the locomotive, and pumped by
the pump G from the filling tank F through pipes 15 and 16
to the shed. The fire is now started in the firebox and steam
generated.,

The filter A is fitted with a cage filled with broken coke which
acts as a filtering medium. This filter must be opened up for
examination at intervals and the coke cleaned and renewed as
required according to conditions.  When it I8 necessary to
overhaul the pumps, valves 20 and 27 or 19 and 23 must be closed
to avoid waste of water. 1f only one pump is under examination,
it is essential that the valve on the pump exhaust should be
closed. In the event of either pump being out of use through
any cause, arrangements are provided whereby the sequence of
operations can be maintained. These are as follows :

In case of failure of wash-out pump I, close valves 18, 19,
23, and 25 and open valves 10 and 46. This will allow the filling
pump G to pump water from the wash-out tank D through
the wash-out delivery 12 to the shed as usual.  Similarly for
failure of the filling pump G, close the valves 17, 20, 24, and 27
and open valves 3 and 46. This will allow the wash-out pump I
to pump water from the filling tank I through the filling delivery
line 16 to the shed as usual.

To transfer water from one tank to the other in case of
emergency only, this can be done by opening valves 46 and 28
and closing the valve 27 from the wash-out tank D to filling
tank F. From the latter to the wash-out tank D, the valves
46 and 29 must be opened and No. 23 closed. A sludge tank C
is provided to catch the sediment, ete., rom the filter A, This
sludge tank should be flushed out at least once a day by opening
valves 30 and 31. Tanks D and F can be drained by opening
valves 33 or 34. The balance valves 37 and 39 are connected by
lever and rod to outside ball floats connected by {lexible tubing
to tanks D and F respectively and are for the purpose of main-
taining the water levels.  The pump exhaust is directed into
tanks D and F, and controlled by valves 43 and 45. All the
pump exhaust can be directed into either tank by closing valves

avern
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15 or 43 and opening the valve 43a. A vent to the atmosphere
[or this pump exhaust is provided and controlled by the valve
Iha. Provision is made for heating the water in tanks D and F
by means of live steam through valves 47 and 52,

Thermostats are provided to maintain the temperature of
the wash-out and filling waters, that for the wash-out water is
placed in the wash-out delivery at 21, controlling diaphragm

ve 22, which admits cold water to the wash-out suction for
cooling purposes.  The thermostat for the filling water is placed

Fra, 3.—Examrre or Econxomicarn SincLe-Taxg Hor-Warer
BorLer WasHiNc-Our Prast.

on the filling tank 48 and controls diaphragm 52 admitting or
cutting off live steam. An oil separator is fitted to the pump
exhaust on each pump and these are drained at intervals through
n trap.  Each valve on the diagram drawing Fig. 2 is marked
in its normal position * open ™ or * shut,” and care must be
taken to see that all valves are returned to normal positions
after such alterations have been made.

Similar plants known as single-tank installations are supplied
for smaller running sheds.  Fig. 3 illustrates one of these.

By the use of this system, it has been proved that on an
twelve hours per engine is saved in washing-out time,.
Iig. 4 shows the system in use,

8]
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In addition to the above plant designed and used for washing
out locomotive boilers, apparatus has been introduced for washing
locomotives, somewhat on the lines of the * hosing-down '
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the temperature of the water as near 120° F. as possible,
The operators are provided with leather gauntlets and protective
clothing. In this system chemicals are used and mixed with
hot water at the pump where the high pressure of 375 1b. per
8. in. is obtained on the delivery side.

At the Hornsey depot a portable type of apparatus, known
as a high-pressure locomotive washer and working on the injector
principle, has been brought into use in which the cleaning
medium consists of a mixture of steam and hot water at a pressure
of 400 1b. per sq. in., and temperature of about 195° F. The
steam pressure necessary to operate the plant under these
conditions is 100 1b. per sq. in., and is taken from an adjacent
engine or other source by a flexible pipe. The water supply is
obtained from a hydrant in the engine shed. Two guns are
coupled to the * injector ™ by means of flexible pipes and dis-
charge 300 gal. per hour each. When the dirt has been removed
by the steam and hot water, a little oil is introduced into the
mixture to impart a good finish. One engine cleaner operates
each gun, and the motion, wheels, and all parts below the foot-
plate of a suburban tank engine can be cleaned thoroughly by
two cleaners in just over one hour.

The ecleaner, in the course of his work, has a splendid
opportunity for inspection, and should eall the attention of his
foreman to any defeet in the motion, and always be on the
look-out for missing nuts, split pins, or broken springs, cte.

Fitters” Labourers

It has been suggested that it would be to the advantage of
both eompanies and men if every cleaner could aet as labourer
to the fitters, if only for a short time. To the departmental heads
this course at the first glance may appear somewhat costly, as
it involves changing fitters’ labourers just at the time when
they are becoming useful.  On the other hand, against the cost of
learning should be placed the benefits aceruing to the companies,
through these very men in after-life, when firing or driving,
having greater confidence on account of their more comprehensive
knowledge, when they are confronted with cases of engine
failure, ete.

The eleaner, for his own protection, will do well to study
carcfully any shed regulations that may be posted by the
company. The foreman should also ascertain by judicious
questions from time to time that the cleaners have understood
thoroughly the purport of these important instructions.

The following shed regulations are used by many railway
companies :—

1. No one but a driver, shed engineman, passed fireman, or
other person authorised to do so, is allowed to move an engine
in steam.

2. Engine cleaners are not allowed to move any engine in
steam in any eircumstances whatever.  When necessary, the
properly authorised person must be requested to move it. Any
cleaner or any other unauthorised person found disregarding
this order will render himself liable to instant dismissal, and to
have proceedings taken against him,

SHED REGULATIONS 9

3. No engine in steam must be moved without the whistle
first being sounded by the man in charge.

4. No driver, shed engineman, passed fireman, or other
nuthorised person must move an engine, WHETHER IN STEAM
o Nor, without first satisfyving himself that no cleaners or
others are engaged in any work about the engine, or upon any
cngine or engines which may be closely approached or moved
by it.  Any men so engaged must individually be told clearly
that the engine is about to be moved (it is not sufficient merely
to sound the whistle), and the person giving the warning must
obtain from each man an acknowledgment that he has heard
and understood the warning, -and such person must intimate to
all concerned when the movement of the engine is completed.
This instruction applies when approaching any engine on which
men are working, whether the intention is to stop short of it or not.

5. The regulations laid down in Clause 4 must also be followed
in the case of a dead engine being moved with a pinch bar. The
person responsible for moving the engine must himself warn all
concerned that the engine is about to be removed.

6. Targets, warning boards, or flags are provided, and any
fitter, cleaner, or other person, before beginning to work at
an engine, must see that either targets, warning boards, or flags
are exhibited in a conspicuous place on the engine.  When two
or more persons are working at an engine the person in charge
of the work is responsible for exhibiting and removing the targets,
warning boards, or flags, as the case may be. When the person
in charge has satisfied himself that all the work is completed,
and the other persons, if any, who have been at work have left
the engine, the targets, warning boards, or flags, as the case may
be, must be removed and deposited in the place appointed for
the purpose.  In no circumstances whatever may an engine be
moved until the targets, warning boards, or flags, as the case may
be, have been removed by the person responsible for performing
such duty.

7. A driver or other authorised person, taking an engine to
shed, or disposing of an engine on any siding, must, before leaving
it, closely shut the regulator and see that the hand brake is
screwed hard on, open the eylinder cocks, and put the reversing
lever or serew into mid-gear. The same precaution must be taken
when any dead engine is placed in any shed, or on any siding.

8. Fitters, shedmen, cleaners, and others must not begin
work on an engine without first secing that the reversing lever
or screw, regulator, eylinder cocks, and brake have been left as
deseribed in the preceding clause.  1f they find any of them not so
left, they must at once report the case to the foreman on duty.

9. Before attempting to enter the motion of an engine in
steam, enginemen and other authorised persons must see that
all the precautions preseribed in Clause 7 have been taken, and,
in the case of a tender engine, that the brake on the engine is,
when practicable, also applied.  Further, this regulation also
applies to engines anywhere on the railway, so that in all instances
before enginemen or other authorised persons leave the footplate
of an engine to enter the motion of an engine or to do anything
to any part of an engine or tender, they must take every

IA
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precaution to avoid any risk of the engine moving in the
slightest degree while the necessary duties are being carried out.

Drivers or other authorised persons must not interfere with a
reversing lever or screw wherever the engine is standing, until they
are satisfied no one is attending to any part of the engine.

10. Cleaners and all other persons must cease working on an
engine before it is moved.

11. Chargemen cleaners are reminded that it is their duty
to be with their men as much as possible, and to see that they
are instructed in the rules for safe working for their protection
while at work. When cleaning the wheels, gear, ete., if any
crack or flaw is seen by the cleaner, he should at onee point it
out to his foreman.

12, In no ecircumstances, excepting in the performance of
absolutely necessary duty, must anyone be allowed to ride on
the footsteps or side footplating of an engine which is being
taken into or out of the shed or shops, or when moving in any
locomotive yard, whether in steam or not.

13. All persons are specially warned that in no circumstances
must they pass between the buffers of engines or other vehicles
which are about to be brought together or are standing in close
proximity. nor should anyone stand in front of a buffer when at
work, and everyone concerned is hereby reminded of the necessity
for the exercise of the greatest care in the performance of their
duties to avoid injury to themselves or others.  Any person
exposing himself unnecessarily to danger will be liable to
immediate dismissal from the company’s service.

14. Engines must not be worked in a shed or shed yard
without two men being in attendance, and when necessary the
fireman or other appointed person must walk ahead of the
engine to ascertain that everything is clear and to give warning.

15. Before any fire is put into a firchox, the gauge cocks
must be tested to ascertain that there is water in the boiler,
and any person having oceasion to empty a boiler will be held
respongible for placing a board on the front of the firebox
indicating that the boiler is empty.

16. In cases where engines are left in the shed, with the
tanks or tenders empty, a board must be placed indicating that
this is the case, or the words * Tank Empty ” written plainly
in a conspicuous place on the tender, viz., on the black paint
near the brake handle.

17. Workmen are forbidden to cross the lines, either running
roads or sidings, more than is absolutely necessary, and when
going to and from work they are to avoid sidings and running
lines, and are instructed to use footbridges and subways where
such are provided. Where routes are specially defined, only such
authorised routes must be used.

18. Fouling points around engine turntables inside sheds
have been marked on each stall road by means of white glazed
brick, beyond which the buffers of engines or vehicles standing
in the stalls must not project unless the turntable is first set
for the stall in which the engine or vehicle is standing. In
addition to this, the fireman or other responsible person must
stand in such a position that he can take the necessary measures
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to prevent the turntable being moved or an engine coming on
to the turntable from the opposite stall so long as the white
plazed bricks are fouled.

19. When coaling engines, care must be taken to trim the
conl so as to prevent any falling to the ground.

20, All accidents causing personal injury to any person in
the employment of the company must be reported immediately
o the foreman on duty.

21. Disregard of any of these rules should be reported at onee to
the foreman on duty by the man in charge of the engine, or by any
other servant of the company who may notice the irregularity.

By the time that the cleaner has thoroughly mastered the
various details of his duties, he will have begun to learn the
distinetive features of various types of engine, such as inside
nnd outside eylinder engines, for instance.

Inside cylinder engines have the eylinders fixed inside the
framing, immediately  underneath the smokebox.  Outside
cylinder engines, as the name denotes, have the eylinders fixed
outside the frame plates, and are coupled with rods direct to the
driving wheels,  In locomotives of the three and four cylinder
iypes both positions are used, the inside and outside eylinders
in most cases driving separate pairs of wheels, ullh(llugh in
numerous  designs they all drive the leading coupled wheels.
Snddle-tank engines are used mostly for pilot work, and have
the tank containing the feed water fixed saddlewise on the top
of the boiler.  Tender engines are those with tenders attached,
and are used mostly for passenger and freight traffic on long
journeys.  Tank engines carry their water in tanks on each side
ol the boiler and the coal in bunkers on their own framing ; they
are used mostly for ordinary stopping trains or short journeys.
The coal bunker behind the cab incorporates a supplementary
tunk for water.

LOCOMOTIVE CLASSIFICATION

A locomotive is classified, in the United Kingdom and America,
necording to the arrangement of its wheels, but on the Continent
the axles are used. A simple system of numerals has taken the
place of the unwieldly terms used previously. Thus, the former
lour-wheel coupled bogie engine is now a 4-4-0, or on the French
system a 2-2.0, and on the German system a 2B (adopting the
rolative letter for coupled axles and omitting eyphers) ; and a
six-wheel coupled bogie locomotive with trailing axle becomes a
1-6-2, or on the French system a 2-3-1, and the German a 2C.
The centre numeral always refers to the number of driving
(coupled) wheels and the first and last to the leading and trailing
(uncoupled) wheels.  Names are also used widely in the U.S.A.,
sich as Atlantic (4-4-2), Pacific (4-6-2), Mountain (4-8-2), and
Mikado (2-8-2). On the outbreak of war between the United
Atates and Japan the name Mikado fell into some disfavour
- the U.S.AL and the new name MacArthur was adopted for
u time, but did not find general acceptance. The letter T is
uned after the classification when the engine is of the tank
variety.
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The system of classification by wheel arrangement was evolved
by F. M. Whyte, an American engineer, at the beginning of this
century ; hence, it is now known in all English-speaking countries
as Whyte’'s Notation. Railway officials in the U.S.A. had
previously used names, all of which were quoted by an American
author in The Engineer of August 27, 1897 : curiously enough,
that same issue described the 4-8-0 type as the Mastodon but
subsequently the name has been applied generally to the 4-10-0.

The diagrams of wheel arrangements (Figs. 6 to 10) are
intended to be of assistance as indicating the distinguishing
features appertaining to the different types of coupled and non-
coupled engines.  The British, French, and German notations
are given, together with the names usually applied to certain types.

These may be summarised as follow :—

(1) 2-2-0 type (now obsolete) : Used on several early railways for
hauling light loads.

(2) 2-2-2 type (now obsolete) : In past years employed for high speeds
with moderate train loads and used in the main for fast
passenger work.

(3) 4-2-2 type (also obsolete) : A development of the previous type

with a leading bogie in place of the single leading axle ;
formerly used for express passenger service with moderate
train loads. This type reached its highest development towards
the end of the nincteenth century under Patrick Stirling, on
the Great Northern Railway, with his famous * Eight-Foot-
Single " express passenger engines.

(4) 0-4-0 type : Restricted to a few light tank engines working on
dock railways and sidings.

(5) 0-4-2 type : For light branch trains, mainly “ auto™ or * rail
motor ' trains.

(6) 4-4-0 type: Used extensively for express and other passenger
trains working on British and other railways ; now superseded
to a large extent by six-coupled designs for working the
heaviest trains. Two locomotives of this wheel arrangement,
built for the North Eastern Railway in 1896, had driving
wheels 7 ft. 7} in. in diameter, believed to be the largest ever
employed for a coupled engine in regular service.

(7) 2-4-2 type: Used for tank engines working passenger trains in
local and shorter-distance main-line traffic.  Obsolete in
modern  practice.  Originated in New Zealand in 1877 ;
introduced to Great Britain in the 1800s,

(8) 4-4-2 type (Atlantic) : A development of the 4-4-0 type, making
possible a larger boiler and more extended weight distribution,
but still having restricted adhesive qualities. Originated in
America ; first used in Great Britain, on the Great Northern
Railway, in 1898,

(9) 0-4-4 type : Also a tank engine wheel arrangement for suburban
trains of moderate loading. This wheel arrangement appears
to have originated with the small, specially-designed  loco-
motives of Matthias Nace Forney in the late 1870s for use
on the elevated railways of New York, with their sharp
curvature.

(10) 0-4-6 type (now obsolete) : An American variation of the 0-4-4
type.

(11) 4-4-4 type (Heading or Jubilee): ldentified solely with tank
engine practice on British railways, and only in a moderate
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LOCOMOTIVE MANAGEMENT

degree. It is a somewhat more flexible wheel arrangement
than the 4-4-2 type, but is fast becoming obsolete.

(12) 0-6G-0 type (Siz-wheel Switch or Bourbonnais) : Employed widely
for freight engines with tenders, and also in tank engine
practice, usually in conjunction with inside cylinders. Used
extensively for shunting (switching) duties in America ; hence
the name ** Six-wheel Switch.”

(13) 0-6-2 type : This wheel arrangement is used almost solely in tank
engine practice, and for both passengor and freight service.
The trailing wheels permit of a fairly Iarge coal bunker, and
give added support at the rear end.

(14) 2-6-0 type (Mogul): A natural development of the 0-6-0. 1t
facilitates the use of a larger boiler, and, if required, larger
cylinders. Is a useful type for mixed-traffic working. This
type appears to have originated in America with a locomotive
built by the Rogers Locomotive Works for the New Jersey
Railroad, in 1863. It was introduced into Great Britain
fifteen years later, when Neilson & Company built fifteen
locomotives with this wheel arrangement for the Great Eastern
Railway to the designs of William Adams, with modifications
by his successor, N assey Hr()m]i-_\'. Neither these engines,
nor a large number of American-built 2-6-0s, imported by
the Midland, Great Northern, and Great Central railways at
the end of the nineteenth century, were successful, and several
years elapsed before the popularity of this wheel arrangement
was established.

4-6-0 type (Ten-wheel): One of the most useful and popular
types on British and other railways for working heavy fast
passenger trains, and to some degree also other classes of
traffic. It was introduced into Great Britain by David Jones,
who adapted the design for fifteen goods engines on the
Highland Railway in 1893, but it did not become common
on other railways until the early years of the present century.

(16) 2-6-2 type (Prairie) : In British practice, this wheel arrangement
has been adopted mainly for tank engines, but some tender
engines of this type have been constructed for the L.N.E.R.
in recent years, The wheel arrangement originated in America
in 1878, and was introduced into Great Britain in the 1890s.

(17) 4-6-2 type (Pacific): A development of the 4-6-0 type, giving
added support at the rear end and enabling a much larger
boiler and firebox to be used.  Engines of this class are working
some of the fastest and heaviest trains, including those in the
ultra-fast services of British railways. The type appears to
have originated in the U.S.A. in 1886, and to have been
adopted in New Zealand in 1901, but the locomotives designed
by Baldwin's for the Missouri Pacific Railroad in 1903 fastened
the now familiar name Pacific on to the design. The type
owes its popularity in Great Britain to the designs of the late
Sir Nigel Gresley for the L.N.E.R., although an experimental
engine, The Great Bear, had been built for the G.W.R. in 1908,

(18) 0-6G-4 type : This wheel arrangement is used almost solely for tank
engines. The trailing bogie permits of a larger bunker than is
possible with the 0-6-0 type.

(19) 0-6-6 type (now obsolete): An American variation of the 0-6-4,

(20) 2-6-4 type: This, so far, has been restricted to tank engine
practice, and is a very popular wheel arrangement for engines
of that kind, varying in size and power.

(21) 4-6-4 type (Baltic or Hudson) : In Great Britain used for high-
speed passenger tank engines. It is claimed to be a symmetrical
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LOCOMOTIVE MANAGEMENT

wheel arrangement providing for an amplitude of adhesion
weight, and, at the same time, complete flexibility of the
wheelbase.  Relatively it has been used only to a moderate
extent on British railways. The name Hudson originated in
America, on the New York Central system, whose main line—
the * Water Level Route "—skirts the Hudson River from
New York to Albany, but the alternative name, Baltic, was
adopted in Great Britain, and appears to be the only name of
European origin,

(22) 0-8-0 type : Suitable for larger freight engines, and sharing with
the 0-6-0 type the advantage of enabling the whole of the weight
of the engine to be used for adhesion.  Used mainly for engines
with tenders, but also incorporated in tank engine design on
various railways.

(23) 2-8-0 type (Consolidation): A development of the 0-8-0, the
presence of the leading wheels improving the behaviour of
the locomotive on curves and also providing independent
support for the weight at the front end. This wheel arrange
ment originated in America, in 1866, with a locomotive built
by Baldwin’s for the Lehigh Valley Railroad.

(24) 4-8-0 type: An enlargement of the 4-6-2 type, used on many
overseas railways, but not widely favoured in Great Britain.
The former American name, Mastodon, is now used to denote
the 4-10-0 wheel arrangement.

(25) 2-8-2 type (Mikado): This is used on only one of the British
railways, namely, the L.N.E.R., for heavy freight engines with
tenders ; it is incorporated in certain tank engine designs of
powerful proportions. The prototype of this wheel arrange-
ment was built by Baldwin's, in 1897, for service in Japan,
which accounts for the name Mikado. The alternative name.

Mac Arthur, originated during the 1939-1945 War, but did not
come into common use,

(26 to 28) 4-8-2 (Mountain or Mohawk), 2-8-4 (Berkshire), and 4-8-4
(Confederation, Northern, or Pocono) types : Used on American
and other overseas railways for hauling heavy loads on
steeply-graded lines, but not used in Great Britain = The names
are of American origin. The first Berkshire was built for the
Boston & Albany Railroad, which passes through the Berkshire
Mountains of New England. Oceasionally the 4-8-4 type is
described in America as Northern, Dirie, or Pocono,

instead
of the more usual Confederation.

(29) 0-10-0: There is only one example of an engine having this
wheel arrangement in Great Britain, namely, the four-cylinder
engine with tender specially designed for banking service on
the Lickey Incline, L.M.S.R. The name Decapod, used in
America to denote the 2-10-0 wheel arrangement, has been
applied in Great Britain to this banking engine on the Lickey
Incline, and to the experimental tank engine designed for the
Great Eastern Railway by James Holden, to apply steam
traction (instead of = clectrification) to heavy  suburban
traffic.

(30) 2-10-0 type (Decapod) : A development of the 0-10-0 type. The
leading wheels assist the engine in negotiating curves, and
provide additional support at the leading end.  Locomotives
of this type are used in several parts of the world for exception-
ally heavy traffic, but the wheel arrangement was unknown
in Great Britain until the ** austerity » types were introduced
during the 1939-1945 War,
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18 LOCOMOTIVE MANAGEMENT

(31 to 39) Locomotives with 10, 12, and 14 coupled wheels : Used in
several parts of the world for exceptionally heavy traffic, but
not introduced into Great Britain. In the main, the names
used to denote these multi-wheel arrangements are confined
to the U.S.A. Thus, Santa Fe for the 2-10-2, Texas for the
2.10-4, Southern Pacific for the 4-10-2, and Union Pacific for
the 4-12-2 are all explained by the fact that the prototypes
were built for the railways concerned (Teras is the Texas &
Pacific). The names Javanic and Soviel are used to denote
exceptionally powerful locomotives built for the railways of
Java and the U.S.S.R. respectively.

Numerous other wheel arrangements are in use on railways
in various parts of the world, incorporating the multiple wheel
groupings forming part of articulated locomotive design.  There
are two examples of this practice in this country, namely, the
2-6-04+0-6-2 Beyer-Garratt locomotives of the L.M.S.R., and the
single example on the L.N.I.R. of a similar engine but with the
2-8-04-0-8-2 wheel arrangement and six single-expansion eylinders
(see pp. 224 and 447).

An articulated locomotive is one in which separate groups of
wheels driven by independent eylinders are used. Each group of
wheels, with its cylinders, forms a complete power unit by itself
in the sense that it is not rigidly connected with the other group ;
it is virtually two engines in one. The steam pipes have spherical
joints, and everything is arranged to allow of the locomotive
accommodating itself readily to track variations and curvature.
The weight of the locomotive is thus distributed over a large
number of wheels, and, although the locomotive as a whole may
be heavier, the strain on the track is reduced owing to the lower
individual axle loadings. The Beyer-Garratt locomotive, built on
this principle, has found wide application abroad for hoth
passenger and freight service, and is also used for goads traffic
on the LLN.E.R. and L.M.S.R. in this country, as mentioned above.
Typical Beyer-Garratt locomotives, and their wheel notations,
will be found in the diagram at p. 21. From this it will be seen
that full recognition is given to the fact that an articulated
locomotive is virtually two in one, inasmuch as two separate
wheel arrangements are given, joined by a plus sign.

In earlier years various other types of articulated engine were
used in Great Britain, such as the Fairlie, but these are now
only of historical interest, and are not regarded as needing detailed
description in a book designed primarily for those concerned
with the cleaning, driving, and maintenance of existing engines.
Because articulated locomotives of various types are used abroad
(including many parts of the British Commonwealth) to a
considerable extent, however, it is as well to outline a few principal
characteristics.  From what has been said already, it will be
appreciated that an articulated locomotive is one in which some
of the driving axles are able to take up positions where they do
not. remain parallel to the others, but may assume an angular
relationship on curves.  This provides greater flexibility, and
mitigates the difficulties on curves of small radius resulting from
large numbers of rigidly coupled axles. The origin of the principle
of locomotive articulation is to be found in the Semmering
locomotive trials of 1851, which were conducted by the Austrian
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20 LOCOMOTIVE MANAGEMENT

Government to seeure suitable designs for the sharply curved
Semmering Railway then being built, which was the first to eross
the Alps, and, indeed, was the first mountain railway of any
importance in Europe. Three of the competitors built locomotives
of different kinds of articulation, of which two proved to be the
prototypes of successful later designs. One had two groups of
driving wheels and a single boiler, and was the forerunner of the
Meyer locomotive (first built in 1868) : the other had also two
groups of driving wheels but also had two boilers, and was thus
the prototype of the Fairlie design (first built in 1865).

The most widely used type of articulated locomotive, apart
from the Beyer-Garratt, is the Mallet. Anatole Mallet (pronounced
Mallay) patented the first articulated compound locomotive in
1885 in France, but the type has received its greatest development
in the U.S.A. This uses a single boiler, and in general external
appearance the engine closely conforms to the conventional non-
articulated locomotive. Under the boiler, however, there are two
sets of driving wheels. The rear one is an integral part of the
locomotive as in ordinary engines, and has the usual eylinders,
valve, gear, and motion. The leading set of wheels constitutes a
Bissel truck with its separate eylinders, gear, and motion. The
first Mallet built in the U.S.A. was constructed by the American
Locomotive Works in 1904 for the Baltimore & Ohio Railroad,
and since then a considerable number of Mallets has been built
in that country for handling long freight trains over heavily-
graded lines.

HEAD-LAMP CODES

After the types of engines, the cleaner should learn the method
of classifying trains by their head lamps (Fig. 11). Early in the
present century a standard code of headlamps was agreed between
a number of British railway companies, and came generally into
use on main lines, with the lamps used to indicate the class or
category of each train. Some years later, in the interests of
economy, by using fewer lamps and less oil, the code was revised
in such a way that not more than two lamps are required for any
indication, other than that of a royal train, for which four head
lamps arc used, one on every lamp-iron. These lamp-irons are
arranged at both ends and in the centre of the platform above
the engine buffer-beam, with the fourth position in front of the
chimney, or in the case of many large-boilered modern locomotive
types, on the upper part of the smokebox door.

The lamps should be earried in the positions shown by day as
well as by night and in most cases are white, but shunting engines
in stations or sidings must carry one red head and tail light.

An engine without a train must, when on any running line,
always earry a tail lamp in the rear. (Rule 122 (a).)

When two or more engines are coupled together without a
train the last engine must have a tail lamp. (Rule 122 (b).)

An engine or engines drawing a train must not carry any
lamp in the rear. (Rule 122 (¢).)

An engine assisting a train in the rear must have a tail lamp
attached ; when more than one engine assists, the tail lamp
must be carried on the last engine. (Rule 122 (d).)

LOCOMOTIVE WHEEL ARRANGEMENTS
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1. 1l.—Hgap-Lame Cope ror CLassiFying TrAINs,

. Express passenger train, or breakdown train going to clear the
lines. (One lamp over each buffer.)

. Ordinary passenger or motor train, also breakdown train returning
to depot.  (One lamp at foot of chimney.)

3 l’mw-l_s. newspapers, fish, print, milk, meat, horse, and ** perishable "
trains composed of coaching stock. (One lamp on right buffer
and one in the middle.)

. Empty coaching stock, fitted freight, fish, or cattle train, with not
less than one-third fitted with the continuous brake. (One lamp
on right buffer, another at foot of chimney.)

5. Express freight, or cattle train, fitted with less than one-third of the

continuous brake. (One lamp on left buffer, another at foot of
chimney.)

. Through freight or ballast train. (One lamp in middle of buffer
plank, and another lamp at foot of chimney.)

. Light engine or engines coupled together, also engine with one or
two brake vans. (One lamp in middle of buffer plank.)

. Through mineral or empty wagon train. (One lamp over right-hand
buffer.)

. Freight or ballast train for short distances. (One lamp over left-hand
buffer.)

HEAD-LAMP CODES 23

When a train or portion of a train which has been left on any
running line is propelled to the signal box in advance, or when
the front portion of a divided train is being set back to the rear
portion, a white headlight must be earried on the leading vehicle.
(Rules 149 iii, 179 (¢), 183 (a) i.)

When a train or portion of a train has to travel in the wrong
direction to the signal box in the rear, in accordance with Rule
184, or where propelled in the wrong direction, a red headlight
must be carried on the leading vehicle. (Rule 149 (iv).)

When the line is blocked and trains are worked to or from
the point of obstruction, a red headlight must be carried on the
leading vehiele.  (Rule 149 (vi).) .

When working a breakdown train in the right direction or
proceeding from a signal box in advance to assist a disabled train,
a white light must be carried on the leading vehicle. (Rule 149 (x).)

When working an officer’s special train or when propelling
the speeial coach in the right direction, a white headlight must
be earried on the vehicle.  (Rule 149 (ix).)

When a light engine is shunted into a siding for a train to
pass, the driver must remove the tail light, so as not to exhibit
a red light to a following train.  (Rule 152 (a).)

When a train has been shunted from one running line to
another on which trains approach from the opposite direction,
the driver must exhibit a red headlight in front of the engine
(or tender, if running tender first) and remove all other head-
lights. The red light must be exhibited until the whole of the
shunted train has again been placed on its proper running line.
(Rule 152 (b).)

When a train has been shunted on to the wrong line, and the
engine has to be detached and the train left standing, the guard
or shunter must place a red light on the front vehicle, and the
driver must see that this is done before removing his engine from
the train.  (Rule 152 (b).)

Engines employed exelusively in shunting at station yards
and sidings must, after sunset or during fog or falling snow,
carry head and tail lamps both showing a red light or such other
light as may be preseribed.  (Rule 123.)

The national headeode is in general use on the Great Western
Railway ; on the London Midland & Scottish Railway except
over the lines of the late Caledonian and Glasgow & South Western
Railways in Scotland, and on the London & North Eastern Railway
(except the London suburban lines of the late Great Eastern
Railway radiating from Liverpool Street and Fenchurch Street) ;
but it is not used at all on the Southern Railway. The meanings
given ahove for the various combinations are supplemented by
others, at the diseretion of each railway, to suit circumstances
from time to time, or the kind of traflic on specified sections of
line, as laid down in special instructions. On the main and
branch Great Eastern Section lines of the L.N.E.R. circular white
dises replace the lamps in the daytime. Where the national
code is not used the head signals generally indicate the route a
train is to take and not its class. More than thirty different
route combinations are in use on the S.R., where the lamps are
also represented by day by circular white discs.
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C'HAPTER 2

RULES FOR SIGNALS, SHUNTING, AND
WORKING OF TRAINS

TuE cleaner, after having been in the shed for some time, will
become somewhat familiar with the classification of the different
engines and trains, and should prepare himself for the time when
he will be ealled upon to aet as a ** spare fireman.”

Some familiarity with the Railway Clearing House rules will
therefore be essential, and the following rules relating to signals,
shunting, ete., have been quoted as useful for the rising eleaner to
learn.  In this manner the * spare fireman ™ will be able to devote
the whole of his attention to acquiring a knowledge of the practical
part of his firing duties, and will be prepared to pass such
examination as may be required by the particular railway company
by whom he is employed. This examination usually ineludes a
few questions appertaining to rules for signals and shunting ;
||l'|ll‘l' it miay l'l-llsmlllhl_\* he n.-tslltnml 1|mt- FiY prupnr k_nnwlm]gn
of these rules forms a very necessary part of a fireman's
equipment,

RULE 34.— Fixed signals consist of distant, home, starting,
advaneed starting, ealling-on, warning, draw-ahead, shunt-ahead,
and shunting signals. In certain instances signals are repeated
in rear, in which eases the additional signals are known as ** repeat-
ing " signals.  Automatie signals are signals controlled by the
passage of trains and in addition can be controlled from a signal

“ box or ground frame, being then ealled semi-automatie signals.

RULIE 35.—(a) Except in case of automatic, or where other-
wige authorised, the normal position of fixed signals is * Danger
or * Caution.”  Red is the signal of ** Danger,” yellow the signal
of ** Caution,” and green the signal of ** All Right.”

(b) (i) Other types of signals include the three-position
semaphore signals, the indieations by day being arm in horizontal
position with red light at night for ** Danger.” 1In the ** Caution »
position the arm is inclined diagonally upward with a yellow
light by night, and in the ** Clear ™ position the arm is vertically
in the up-position with a green light by night.

(ii) Colour-light signals not provided with semaphore arms
have the day and night indications given by means of lights only,
i.e., ved for © Danger,” yellow for ** Caution,” double yellow for
* Attention,”” and green for ** Clear.”

(iii) Repeating signals of the banner type consisting of a black
arm in a eircular frame, illuminated by night.

(iv) Subsidiary signals in the form of dise signals, or of the
banner type with red or yellow arm in a circular frame, or position-

25
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light signals, or semaphore signals with small arms. The normal

indications are :—
By Day

Red dise.

Yellow dise.

Red arm in horizontal position in a
circular frame or on a white or
black dise.

Yellow arm in horizontal position in
a circular frame or on a white dise.

Position light signals with two white

By Night

Red light or white light.

Yellow light.

Red light, white light, or the day
normal indications being illumin-
ated.

Yellow light or the day normal
indications being illuminated.

Same as day.

lights, or one red or yvellow light on
the left and one white light on the
right, in horizontal position, or no
lights.
Small red semaphore arm or small Red light, white light, or no light.
white semaphore arm with red
stripes, in the horizontal position.
Small yellow semaphore arm in the Yellow light.
horizontal position.

The Proceed indication by day is given by the dise being
turned off or the arm lowered or raised, or in the case of position
light signals by two white lights at an angle of 45°, and by
night by a green light or the day Proceed indication being
illuminated, or in the case of position light signals by two white
lights at an angle of 45°,

In some cases the signals are distinguished thus :—

Calling-on . : . . By the letter C.
Warning . 2 . . - o s W
Shunt-ahead . 5 . . o * S.

In ground signals (colour-light), the normal indieation is a yellow
or red light and the Proceed indication a green light.

(¢) Automatic stop signals are identified by a white plate
with a horizontal black band. Semi-automatic stop signals arc
identified by a white plate bearing the word ** Semi’ above a
horizontal black band.

(d) Back lights, where provided for fixed signals, show a
white light to the signalman when the signals are at Danger,
and are obscured when the signals are in the Clear position.
In the case of position-light signals where back lights are pro-
vided, they are also exhibited in some cases when the signals
are at Clear.

(e) Fixed signals, as a rule, are so placed as to indicate by
their positions the lines to which they apply. Where more than
one stop or subsidiary signal is fixed on the same side of a post,
the top signal applies to the line on the extreme left, and the
second signal to the line next in order from the left, and so on.

At some diverging points only one semaphore arm or colour-
light signal is provided together with an indicator exhibiting a
letter or number showing the line over which the train will run,
or only one eolour-light signal is provided together with a junction
indicator exhibiting a line of white light or lights by day and by
night, when a Proceed aspect is given for a diverging route,  For
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movements along the straight route, no junetion indication is
exhibited.

(/) Except in the ease of antomatic signals or where other-
wise authorised, the normal position of fixed signals is Danger,
or Caution in the case of distant signals.

(Nore.—Additions to this rule are contained in separate
publications issued by the companies concerned.)

RULE 36.—(a) Distant signals are placed at some distance
in rear of home signals to which they apply, and where necessary
below the home, starting, or advanced starting signal applieable
to the same line of the signal box in rear.

(b) Where only one distant signal is provided for a diverging
Junetion, such signal applies to all trains approaching it.

(¢) The Caution position of a distant signal indicates to a
driver that he must be prepared to stop at the home signal to
which it applies.

RULE 80.—(b) Semaphore signals not in use are distinguished
by two picces of wood, nailed over each other in the form of a
CTOsS,

RULIE 80.—(¢) Dise signals not in use will not be fitted with
dises or lamps.

RULE 43.—Where threc-aspeet signals are provided, the
Caution aspeet indicates to a driver that he must be prepared
to stop at the next signal, and the Clear aspect indicates that
he must be prepared to find the next signal showing cither the
Caution or Clear aspect.

Where colour-light signals having more than three aspeets
are provided, one yellow light indicates to a driver that he must
be prepared to stop at the next signal, and two vellow lights
indicate that he must be prepared to pass the next signal at
restricted speed.,

RULE 44.—(a) Calling-on signals, where provided, are placed
below the signal controlling the entrance to the section ahead,
and  when lowered authorise the driver to proceed forward
cautiously into the section ahead as far as the line is clear. The
lowering of the calling-on signal does not authorise the next stop
signal to be passed at Danger.

(b) Execept where authorised, the ealling-on signal must not
be lowered until the train has been brought to a stand at it.

RULE 46.—Shunt-ahead signals, where provided, are placed
below the signal controlling the entrance to the section ahead,
and when lowered authorise the latter signal to be passed at
Danger for shunting purposes only, and a train must not proceed
on its journey until the signal controlling the entrance to the
section has been lowered. '

The following rules are specially applicable to hand signals :—

RULE 50.—(a) Hand signals will be made with flags by day,
and with lamps by night, or in tunnels, or during fog or falling
SIOW,
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(b) A red hand signal indicates Danger, and, except as shown

below, must be used only when it is necessary to stop a train,
In the absence of a red light, any light waved violently denotes
Danger.

L

*2.

3.

Exceplions

To indicate to driver and guard
during fog or falling snow that
a distant signal in which a red
light is used is at Caution.
(Rules 59, 91, and 194.)

To indicate to driver that a
distant signal in which a red
light is used is defective and
cannot be placed at Caution.
(Rule 81.)

To indicate to driver that single
line working is in operation as
per Rule 200,

(* Applies to some lines in Ireland only.)

(G

w

Red hand signal held steadily by
fog signalman.

Red hand signal held steadily
by hand signalman at distant
signal.

Red hand signal held steadily by
hand signalman at a distant
signal in which a red light is
used applicable to the line
upon which single line working
is in operation.

(e) A yellow hand signal indicates Caution and is used for the
following purposes :—

To indicate to driver and guard
during fog or falling snow that
a distant signal in which a
yellow light is used is at
Caution.  (Rules 59, 91, and
194.)

. To indicate to driver that a

distant signal in which a yellow
light is used is defective and
cannot be placed at Caution.
(Rule 81.)

. To indicate to driver that single

line working is in operation.
(Rule 200.)

. To aunthorise driver to pass a

multiple-aspect signal which is
disconnected or out of order.
(Rule 78.)

. To indicate to driver and guard

during fog or falling snow that
a multiple-aspect signal is at
Cantion. (Rule 91.)

Yellow hand signal held steadily
by fog signalman.

Yellow hand signal held steadily
by a hand signalman at distant
sigmal.

Yellow hand signal held steadily
by hand signalman at a distant
signal in which a yellow light
is used, applicable to the line
upon which single line working
is in operation.

Yellow hand signal held steadily
by hand signalman at the
signal.

Yellow hand signal held steadily
by fog signalman.

(d) The purposes for which a white hand signal is used are

follow :—

. Move away from hand signal in

shunting. (Rule 52.)

. Move towards hand signal in

shunting. (Rule 52.)

. To indicate to guard of passenger

train that all is right for the
train to proceed. (Rule 141.)

White light waved slowly up and
down.

White light waved slowly from
side to side across body.

White light held steadily above
the head by person in charge.
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London Midland & Scottish Railway Company’s addition :—

White hand signal held steadily

4. To indicate to guard whether
by the signalman.

driver of train is carrying train
staff or ticket. (Regulations
for working on single lines by
train staff and ticket.)

5. To indicate to signalman that the
points require to be turned.
(Rule 69.)

White light moved quickly above
the head by guard or shunter.

(¢) The purposes for which a green hand signal is used are
as follow :—

1. Move slowly away from hand Green light moved slowly up and
signal in shunting. (Rule 52.) down.

2. Move slowly towards hand signal Green light waved slowly from
in shunting. (Bule 52.) side to side across body.

3. Guard’s signal to driver to start, Green light held steadily above
and to indicate that guard or the head, or green flag (where
shunter has rejoined  train. used) waved above the head.
(Rules 55, 141, and 142.)

4. To indicate by night to fireman Green light waved slowly from
of goods train after starting side to side by guard from his
that his train is complete. van.

(Rule 142.)

5. To indicate to driver that train
is divided. (Rule 182.)

6. To give an All Right signal to
driver where there is no starting
signal.  (Rules 37 and 38.)

. To authorise driver to move after
having been stopped at signal
box. (Rule 54.)

. To authorise driver to pass
starting or advanced starting
signal at Danger for shunting
purposes.  (Rule 38.)

0. To indicate to driver and guard
during fog or falling snow that
the signal is at Clear. (Rules
91 and 127 (xxii).)

10. To reduce specd for permancent
way operations. (Rules 60,
127 (xxi), 217, and 218.)

11. To give All Right signal to driver Green hand signal held steadily
when fixed signal (other than a by hand signalman at the
multiple aspect signal) is dis- signal.
connected or out of order.
(Rules 78 and 81.)

12. To authorise driver to draw
forward to signal box when
fixed signal is out of order
before hand  signalman  has
arrived.  (Rule 81.)

13. To indicate to driver that block Green hand signal held steadily
section ahead is clear, but sta- by signalman as train is
tion or junction is blocked. approaching the box or after
(Rule 41.) giving verbal warning.

Green hand signal waved slowly
from side to side by signalman.

Green hand signal held steadily
by signalman.

Green hand signal held steadily
by signalman.

Green hand signal held steadily
by signalman.

o

Green hand signal held steadily
by fog signalman.

Green hand signal waved slowly
from side to side by hand
signalman.

Green hand signal held steadily
by signalman at the box.
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To indicate to driver of goods
train timed to stop at a station
that there is nothing to pick
up, and that if there is nothing
to put off the train, it need not
stop.  (Rule 144.)

To indicate that catch points,
spring points, or unworked
trailing points are in right
position for train to pass in
facing direction. (Rule 196.)

To caution driver entering ter-
minal station, or station worked
under special instructions, if
line is not clear. (Rule 96.)

To ecaution driver of following
train—" Regulations for work-
ing on goods lines where the
Absolute Block System is not
in operation, or where no special
regulations are in force.”

MANAGEMENT

Green hand signal waved slowly
up and down.

Green hand signal held steadily
by hand signalman at points.

Green hand signal held steadily
by signalman after bringing
train to a stand and giving
verbal caution.

Green hand signal held steadily
by signalman after bringing
train to a stand and giving
verbal warning.

Great Western Railway Company’s addition :—

To indicate to signalman after
sunset that points require to be
turned.

Green hand signal held steadily
in the hand by guard or
shunter at knee level near the
points,

London Midland & Scottish Railway Company's addition :—

To authorise driver to pass fixed
signal at Danger when attach-
ing, detaching, or removing
vehieles.  (Rule 116 (b).)

Green hand signal held steadily
by signalman,

(Nore.—Additions to this rule are contained in separate
publications issued by the companies concerned.)

RULE 51.—In the absence of flags :

(a) Both arms raised above the head denotes Danger or
Stop.  (Nore.—When riding on or in a vehicle,
cither arm moved up and down denotes Stop.)

(b) Either arm held in a horizontal position and the hand
moved up and down denotes Caution or Slow Down.

(¢) Either arm held above the head denotes All Right.

(d) Either arm moved in a cireular manner away from the
body denotes Move Away from Hand Signal.

(e) Either arm moved across and towards the body at
shoulder level denotes Move Towards Hand Signal.

RULE 52.—In shunting operations by night (see p. 32), or
when necessary in foggy weather or during falling snow, a white
light waved slowly up and down means *° move forward,” i.e., go
away from the person giving the signal. A white light waved

the person giving the signal.
A green light used instead of a white light as above, means
“ move forward slowly ™ or * move back slowly.”

RULE 53.—(a) Hand lamps and flags, when used as signals,

13

move back,” i.e., come towards
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except where they are employed for the purpose of marking the
actual point of obstruction, must always be held in the hand,
and not placed upon or stuck into the ground, or fixed elsewhere.

(b) When a signalman gives a hand signal it must in all cases
be exhibited outside the signal box.

RULE 54.—After a train has been brought to a stand by a
hand Danger signal from a signal box, the driver must not move,
although the hand Danger signal may have been withdrawn,
until a green hand signal has been exhibited by the signalman.
This All Right hand signal will not authorise the driver to pass
a fixed signal at Danger unless he has been verbally instructed
by the signalman to do so. ’

RULE 55 (a) to (h).—Signalman to be reminded by guard,
shunter, or fireman when train is detained on running lines, and
methods of procedure in normal and emergency conditions.

RU_LES 59 and 60.—The purpose and use of detonators at
fixed signals, signal boxes, and other places.

RULE 117.—The standard code of audible signals by means
of bell, gong, horn, whistle, or other appliance used for signalling
to drivers engaged in shunting operations is as follows :—

Signal Indicates
One . . C . Go ahead

Two . i : . Set back
Three . 3 g . Stop

Four . : : . Ease couplings

WHISTLE SIGNALS

In addition to the audible signals already mentioned, the
cleaner is advised to gather such information as may be available
with regard to the whistle signals in use under actual running
conditions. Such information as he may obtain will be found
useful immediately he begins his duties as a spare fireman. The
importance of these whistle signals is more fully stressed in the
next chapter, and the details there given should be sufficiently
indicative of the necessity for the cleaner to familiarise himself
at. the earliest possible moment with the purpose and use of
whistle signals when out on the road.

RULES 189 to 208.—These rules cover the working of the
traftic of a double line over a single line of rails during repairs
or the presence of an obstruction. Such working must be confined
to the shortest length of line practicable. A competent person
has to be appointed to act as pilotman, who must wear a red
armlet bearing that title in white letters and he becomes responsible
for controlling the movements of trains over the length of track
concerned.  Certain signals have to be maintained at Danger
and may be passed only under the pilotman’s authority. The
detailed provisions of these rules should be studied very carefully.
There are important differences between the practice on the
different railways when a junction is involved in the single-line
working. '
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('HAPTER 3
THE SPARE FIREMAN OR PASSED CLEANER

THE spare fireman or pnssl-cl cleaner will be booked out firing,
and, on receiving his rule book, should immediately make himself
familiar with those portions of it that affect his ordinary duties.

He will book on as required by the locomotive superintendent
before being due to leave the shed, so that, after signing the
Appearance Book, he will have time to look at the notice boards
for any orders posted respecting water or repairs to the road
on that portion of the line over which he is going to fire.

After obtaining his keys and lamps, he will usually find on
arrival at the engine that there is but little steam up and only a
amall amount of fire on the firchars. The water-gauge cocks
should first be tested to see that the water level in the boiler
is at the right height.  This is done by cloging the water cock
and opening the drain cock.  After elosing the drain and opening
the water cock again, the water ghould return to the same level
in the glass. The top cock should also be closed and the water
cock opened for blowing through. This will also show there is
no obstruction in the form of seale, ete., in the passages leading
to the gauge glass,

The fire should then be levelled in such a manner that the
whole is burned through without dead patches, thereby giving
a good solid bottom fire to begin with.

With the fire going in this manner, steam will soon begin to
rise, allowing the boiler to warm up gradually, and thus preventing
undue strains on the tubeplate and firehox,

It will not be found necessary to make the fire very large
until a short time before leaving the yard, and, when adding
coal, the firchole door should be left open i little to prevent the
formation of smoke.

There will be steam enough by this time to try the injectors,
and these should be tested to see that they work properly, making
sure that the water cock is opened before the steam cock.

If unable to get the injector working, the best method is to
close the feed on the tender, open the drain cock to allow the
water to drain thoroughly out of the feed pipes, then close the
drain cock and open the tender feed. 1If the injector still refuses
to work something is wrong with the cones or clack, and this
should be attended to by the driver.

The tube ends and brick arch should be examined and raked
down if found dirty.

A loose-fitting smokebox door will considerably impair the
draught. so that it is important that this should be tightened
home securely, and it must be seen to that the ashpan dampers
are in working order.

2 33
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It may be pointed out here that instances have occurred
where trouble was caused through an imperfeet and cursory
examination of the ashpan and firebars. When a fireman has
brought in an engine and thoroughly cleaned out the ashpan,
he may naturally think there is no need to examine the firebars
and ashpan before going out again.  Between going off and
coming on, however, the boilermaker has been and changed
some ferrules, and in doing so has knocked down some portions
of the brick arch and left the debris in the ashpan. Beecause of
the engine steaming badly, the dart has been used, with the result
that there has been fire above and below the firebars, burning
the bars and framing down and eausing trouble and loss of time.

Should the coal be of a bad quality or liable to clinker, a fow
bricks broken up to the size of a walnut, or a little wet sand
spread evenly over the bars, will assist in keeping open the air
spaces and prevent the bars from burning.

Before leaving the shed it must be seen to that there is a full
set of fire-irons, shovel, tools, lamps, detonators, red flags,
spanners, waste or cloths, oil-cans and feeders, and the necessary
engine and lamp oils, ete.  Be sure that the scoop or deflector is
ready to hand.

It is a very good practice before starting out to throw a
few bucketsful of water over the coals, both on tender and tank
engines, to keep the dust down. This not only lays the dust but
also prevents the fine coal from being drawn through the tubes
before becoming ignited.

The mere fact of filling the bucket from the tank will tell
how much water there is, and therefore be a very good check
against going out with only a partly-filled tank. At the same
time the fireman will get into the habit of noticing that the coal
is stacked safely, for it will be understood readily how dangerous
it is to platelayers and others working on the line should any
coal be dislodged and fall off while the engine is in motion.

The fireman should follow out his driver’s instructions with
regard to oiling, and the methods of making trimmings, mops,
and stringing corks, ete,

The foregoing will show that, from many points of view, a
fireman’s duties are as important and necessary as those of the
driver, and, though this is not generally admitted, a fireman can,
without doubt, establish for himself a reputation for the intelligent
discharge of his duties, and a creditable reputation is a sound
capital well invested with which to work in after-years.

It will be well to remember that on every ship there is only
one eaptain, and this applies equally foreibly to a locomotive.
The fireman should therefore strive to win the confidence of his
driver by rendering him every possible assistance, and combining
this with civility and striet attention to duty.

Firemen naturally expect a certain amount of assistance from
their drivers in the acquisition of information relative to the
raising of steam and the general running of an engine. By
reason of their length of service and practical experience, drivers
have a fund of information which, if properly imparted to a
smart fireman, must be of invaluable assistance to him, especially
during the earlier parts of his firing experiences on the road.
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When the fireman is first put on the main line it will probably
be on the night shift, so that it will take some time to learn
which are the distant and which the home signals, where these
are not differentiated by separately coloured glasses in the lamps,
owing to invisibility of the swallow-tails on the arms in the dark.

With the assistance of his driver, these difficulties will soon be
overcome, and he will quickly recognise localities by peculiarities
of the landscape, or in a dense fog by simple things, such as
gates and erossings. A special warning is given against lifting
the fire-irons too far over the opposite running line. It is an casy
matter, if eare is not taken cither before or after using, to put the
dart through a coach window of a passing train.

Particular attention is also drawn to the number of lives that
have been lost in the past because of the fireman forgetting
the bridges when he mounts the tender or tank.

The fireman will discover quickly that he will be continually
in hot water if too much smoke is turned out. This question of
smoke is doubtless a serious one, and, along with that of com-
bustion, has had the particular attention of our leading chemists,
science professors, and engineers for many years. As long as coal
iz used there will be smoke : but there is a vast difference between
a chimney just showing signs of it and one belehing out sufficient.
to blacken the whole countryside. It is an axiom that a smoky
chimney is a wasteful one in many senses, and it is well to note
that the coal consumption of every engine is subjected systematic-
ally to the keenest scrutiny by the various responsible heads
of the departments.  Economy or extravagance is immediately
apparent on the coal sheets, and credit or blame is apportioned
accordingly to the servant or servants concerned.

A brief and elementary consideration of some of the simpler
laws of combustion will not be out of place here, and at the start
the reader should impress it firmly on his mind that for every
pound of coal burned a definite and known amount of ('m-rg.\'
can be evolved. ]

Broadly. in every 100 Ib. of coal, 80 Ib. is earbon, 5 Ib.
hydrogen, and the remainder is composed of oxygen, nitrogen,
sulphur, and ash; 1 lb. of average coal, properly consumed,
gives out about 14,000 British Thermal Units (B.Th.U.).

When coal is fired it throws off various gases, each of which
when properly combined with air will give off heat. This com-
bination is known as combustion, and can be attained perfectly
only by proper firecbox temperature and proper admission of air.
The various gases combining to make for good or bad combustion
have their own individual characteristics, ignition temperatures,
and heat values ;: the temperature of the last is directly affected
by the amount of oxygen supplied by the air through the means of
the dampers or firehole door.

Coal itself is a great absorbent of heat, and when put into the
firebox in large quantities will considerably reduce the firehox
temperature.

The average ignition temperature of seven well-known classes
of eoal has been found to be about 807° F., which is much lower
than 2,5007 F. (approximately), the temperature at which earbonic
neid gas, * the produet of perfect combustion,” is given off.
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It will thus be seen that there is a wide difference between
simply burning the coal and doing it efficiently and, therefore,
economically.  Other gases are liberated when combustion takes
place, but these do not affect our purpose, the object of which is
to present the facts from an elementary and practical standpoint,

The low ignition temperature of coal has been mentioned
beeause smoke is mostly produced immediately the coal begins
to burn. When ignition takes place, incandescent particles of
carbon are given off. A proper supply of oxygen from the air is
absolutely necessary for the complete combustion of these carbon
particles, otherwise they will pass away unconsumed  through
the tubes and chimney in the form of black smoke, doing no
useful work, and choking up the tubes, ete. A leaky smokebox
door, by admitting oxygen, will cause the carbon particles to
ignite in the smokebox in many instances, thereby giving fire at
the wrong end of the tubes.

The remedy, therefore, for thick smoke is to fire in small
quantities so that the fircbox temperature is maintained, and to
Jearn by practieal observation the quantity of air required.

Although the amount of oxygen required for the consumption
of a given amount of earbon is an exactly known quantity, the
varying conditions and different qualities of the coal with which
a fireman has to work make theoretical data of little value, the
amount having to be determined by the conditions.

Carbon monoxide is another wasteful produet of imperfeet
combustion. Its ignition temperature is about 1,2107 F., and as
a gas it is almost colourless and odourless, but poisonous. It is
formed by an insufficiency of air or a lowering of the firchox
temperature in eonjunction with too thick a fire, and will pass
away through the chimney unsuspected because it is not so patent
to the sight as the darker earbon particles.

With proper firchox conditions this carbon monoxide is con-
verted into carbonie acid gas, doing then its share of useful
work in the economical production of steam. As an illustration
of the losses due to the escape of flue gases in the form of carbon
monoxide, it is necessary only to compare the 14,000 B.Th.U.
given out by 1 Ib. of earbon when burned to carbonic acid gas,
with the 4,000 B.Th.U. produced when the same amount is
burned to carbon monoxide, a distinet loss of 10,000 B.Th.U.
These figures are a low estimate compared with some of the
results for best elasses of coal.

There are varieties of ways in which earbon monoxide is
formed, perhaps the most common of which is the thick fire,
a veritable hot-bed for the production of this gas. The burning
coals will lie so closely together that the air is prevented from
passing upwards through the firebars, and the air above the fire
will pass through the firebox, coming in contact with only a
small proportion of the burning coal. The fire is thus robbed
of its due amount of oxygen, and the result is a distinet lowering
of the firebox temperature, causing the finger of the pressure gauge
soon to indicate a falling-off of steam.

It is a bad practice to stir up the fire with the dart too freely.
The thick fire is always disposed to form dross and clinker, as its
internal temperature is too low for their consumption.
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When the dart is used, those portions of the fire liable to
fuse will eling together, being brought into contact by the action
of the dart, and together they will form a elinker t-lulnking up the
bars and thus further diminishing the supply of air.

In most eases when the fire requires stirring, a levelling up
of the surface is all that is necessary.

It is a well-known fact that more firemen have come to
grief through having too thick a fire than from having one too
thin.  The tubeplates become fouled, tube ends are choked up,
and the firebars, by having the heat confined to their upper
surface, will be burned away quickly.

It is an old axiom that the fire which makes the most steam
will burn the least coal, comparatively.

Cleaning the fire, or dropping the fire, is an arduous duty
under ordinary conditions of service where the amount of time
allowed at the end of a trip for engine purposes is frequently
very short.  To meet this diffieculty many locomotives are now
fitted with a grate arranged so that one or both halves may be
tilted in such a way that the elinker is dropped into the uslf;mu.
The mechanism required for tilting is simple in action and is
operated by a lever from the cab. This arrangement obviates
the necessity of drawing out the clinker from the firchole as,
when cleaning out becomes necessary, the good fire may be placed
on one half of the grate with the refuse on the other half, and
the refuse can then be tilted into the ashpan.  After the grate
has been returned to its normal position the live portion of the
fuel may be respread over the whole surface of the grate, thus
providing a good foundation for the rebuilding of the five,
~ With ordinary firegrates, and unless very exceptional condi-
tions prevail, the fire should never be more than 6 or 8 in. thick,
according to the quality of coal, and should be 2 or 3 in. higher
at the firebox sides and under the doorplate than in the middle
and under the tubeplate.

This form and thickness of fire will give ample room for the
proper combining of the gases and allow for a suflicient supply
ol air, and, with systematic and even fiving, will produee steam
and prevent the formation of smoke.

Firing with big lumps of coal is another fruitful source of
carbonic oxide.  When these are put into the firchox, bad places
are made in the fire, the surrounding portions are consumed,
and the bars are left bare. When this oceurs, the cold air passes
through the bars and reduces the fircbox temperature to such
e extent that the formation of ecarbonie acid is impossible,
and the gases pass away in the form of carbonie oxide.

[t is also a detrimental practice to fire with large lumps of
coal, beeause the boiler has not yet been made that ean long
withstand the racking strains set up by this style of firing.

It is easy to imagine what takes place when lumps of coal
nre deposited against the firebox sides or pushed forward against
the tubeplate.  Bad places are formed, and the cold air plays
upon the plates, setting up loeal contractions while the other
piris of the firchox are under expansion owing to the heat of
the fire, and this inequality will eanse the tube ends to leak, and
thick smoke will be given off,
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For illustration, take an ordinary piece of wire, and it will
be found that bending it backwards and forwards once or twice
will do the wire very little harm, but if the bending be continued
the wire will become distressed and ultimately break. There
is o great similarity in the distressing effect on the metal })y the
bending of the wire and the unequal racking strains of l.ho firebox.
The lumps of coal therefore should be broken first into pieces
not larger than half a brick. By this means a greater amount of
coal surface is exposed to the action of the fire. The combustion
in consequence will be much more rapid, as sufficient flame is
given off immediately to keep up the temperature of the firebox
and consume the carbon particles.

It will now be seen how necessary it is to fire * little and
often.” never more than G or 8 half-shovelsful at a time. This
method is recommended because by it the fireman will learn to
know exactly where the coal is needed in the firebox, and he will
better be able to direct it to its proper place than if the shovel
be heaped up.

This style of firing produces a fire full of energy. eager for
combustion, and giving off such an intense heat that smoke,
dross, and clinker will be nearly annihilated.

The loss of fuel and the risks of fire due to smoke and sparks
from locomotives are now so generally acknowledged that any
carefully-designed deviee for their abatement is worthy of serious
consideration. ) .

The importance of the proper regulation of the air supply
must be remembered, because too much air is almost as bad
as too little. This applies especially when fires are carried too
thin. A very thin fire is apt to leave the bars bare, and will
lift with the beats of the engine, allowing a superabundance
of air to get into the firebox, and will sweep away the volatile
gases before their heat is given out, or so dilute them that the
temperature is lowered. )

That large quantities of useful heat do eseape by the chimney
is an undoubted fact, and the whole art of firing should tend to
the absorption of that heat before it is allowed to escape.

For this reason it is a bad practice to open the firechole 5!:_1()!'
when the engine is starting after a stop, and no attempt at firing
should be made until the reversing lever is notched back W‘l“l
the engine working at its normal amount of cut-off. 1If firing
is begun too soon, with the engine working hard, large quantities
of cold air will be drawn into the firebox, and its temperature
will be lowered considerably.

Tt would be absurd to fix any limit as to how often and }Vh(‘l'l‘.
firing should take place, as so much depends on the quality of
the coal, the load, and the gradients. The fireman, however, will
learn to arrange his firing so that he can be on the look-out for
signals when going round a curve on which 'thn driver cannot
gee ahead, and also arrange to get his fire into good form in
ample time when approaching a stiff bank.

He will also learn that it is impossible to keep a steady head
of steam unless the injectors are observed closely and the firing
is done with care and judgment according to the rate at which
the boiler is being fed.
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In time the fireman will know how wasteful it is to have
steam continually blowing off at the safety valves, and, by
watching the gauge and regulator handle, will learn to check
the tendency to blow off in good time by closing a damper or
opening the firehole door a little.

He should also watch the driver, and, immediately before
the regulator is closed, put on the jet, close the dampers, and
open the firehole door slightly.

When standing or shunting, where it is a serious matter
to make smoke, a good plan is to fire only one side of the firebox
at a time so that the heat on the hotter side of the fire will
assist in preventing the formation of smoke on the other.

While mastering the various details of the practical part of
his work, the fireman will soon feel at home on the footplate,
and, if he be smart, will begin to keep things in their proper
place.  Tools should not be thrown all over the box, but kept
in perfeet order, clean and ready to hand when needed, so that
it will not take from five to ten minutes to find, say, a }-in.
spanner, and then two or three patches of waste or cloths to
clean the hands.

A good system is to have a piece of timber across the toolbox,
putting the jaws of the large spanners on the right-hand side.
This will keep them elean, and in case of urgency the fireman
will be able to put his hand on the right spanner readily and
quickly in the dark.

The head and gauge lamps should also be kept elean both
inside and out, for nothing has a worse appearance than dirty
lamps.

The handbrush should be plied assiduously to keep the
footplate clear of coals and dust.

The screw of the handbrake should be kept elean so as to
be ready for use always. It is bad policy on the part of a
fireman not to use his handbrake when running into a station
with a passenger train, and more especially into a terminus.
There should be no need to point out how serious a matter it
would be if anything went wrong, and it was proved that the
fireman did not use his handbrake.

On returning to the shed the first duty will be to go to the
coal siding and get a supply of coal, taking care to see that
it is properly stacked, and then fill up the tank with water.
After this the driver will take the engine over the ashpit for
examination, finally setting both cranks near top centre for raking
out the ashpan.

Before dropping the fire, the boiler should be filled, so that
the tubeplates and firebox may cool gradually.

The dampers also should be closed, brakes put hard on,
reversing lever placed in mid-gear, and eylinder drain cocks
opened.

In cleaning out the smokebox, the handbrush should be
well used, and the jet turned on only just sufficiently to keep
the dust out of the eyes. If the jet be put on too hard, large
quantities of air will rush through the tubes, setting up severe
strains in the firebox and tubeplates because the boiler is cooled
suddenly,
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In railway practice one of the prineipal aims is to operate
the locomotive stock of the company to the greatest advantage.
Measures taken to reduce the number of engine classes, improve
shed and yard facilities, and work the engines over much longer

Fia. 14.—Mrecnasical Locomorive CoaniNag PrLasTt
ar PresroN, LLMS.R.

distances without change, have brought about considerable econo-
mies and have had a beneficial effect in other directions as well.
In many cases the track layouts at locomotive depots have
been rearranged to allow of engines moving from point to point
in the vards for coaling, watering, ash dumping, and so on, with
greater freedom, and avoiding getting in one another’s way wh‘uu
entering or leaving the shed in going on or off duaty. The
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coaling and watering arrangements have themselves been improved
greatly, mechanical coaling plants and more efficient and easily
handled water eranes being used. Power-operated turntables
have been installed in a few cases so that the largest engines
can be turned with greater facility. One ingenious method is
that of using the brake power of the locomotive itself for
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Fra, 15.—Aprararus vor Recorpine Excing NUMBER AND
Amount oF Coar DeLiverep 1o TENDER.

operating a vacuum engine used for moving the turntable. This
system was devised and patented by Cowans, Sheldon & Co.
Lid., of Carlisle.

With the mechanical coaling plants referred to above (one of
which is shown in Fig. 14), railway wagons loaded with coal are
raised from track level to the necessary height to enable them to
be turned over, discharging their contents into bunkers, with

2A
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which coal chutes are connected. By means of these, the coal
is deposited on the tender of the locomotive standing below (_“7 '
it. Electrical operation is used and the plants vary in size and
capacity according to whether the running shed is large or small.
The design also varies considerably in different plants, but the

Fr;. 16.—Nanrrow-Gavce TroLLey ror REmovise AsHEs
FROM SMOKEBOX AND ASHPAN,

general purpose is that of expediting the handling and delivery
of coal to the locomotives. In this way, a large locomotive
tender can be loaded completely with coal in a very short time.
On the L.M.S.R., mechanism for recording the engine number
and the amount of coal delivered on the tender has been installed
at certain sheds, and an illustration of this appears in Fig. 15.
The mechanism is controlled by the driver or fireman from an Fig. 17.—CoariNg axp Asint Praxt ar Kesmisu Tows, LMS.R
operating cabin on the platform of the coaling plant at about i el P
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5 ft. from the rail level, so that, after the engine is set for taking
coal, the operator can step off on to the platform at approximately
the same level and enter the cabin, from which a clear sight
of the tender is obtained, thus rendering it easy to regulate
the mechanism for actuating the coal delivery. The control
mechanism eonsists of a flap or outlet operating lever and the
coal weight and engine number recorder.  The procedure is that
the operator sets the engine number on the dial of the recorder,
then moves the operating lever for the flap to the required
position, which automatically scts the water spray for the coal
jigger into action, thus preventing dust during coaling operations,
and finally moves the starting lever on the recorder. When
sufficient coal is obtained, this lever is pulled back to the
“gtop " position, and the flap lever set to normal position
which shuts off the water spray and moves the flap clear of the
loading gauge. The weight of the coal put on to the tender,
as well as the engine number, is recorded on a paper roll in the
recorder itself.

Another time and labour-saving device adopted on  the
L.M.S.R. at certain large sheds is that illustrated in Figs. 16
and 17. Narrow-gauge tracks run along the bottom of the
engine pits and also alongside them at rail level, and these are
served by trucks having bottom-hoppered doors.  The procedure
is that. in dealing with the ashes from the ashpan, the truck is
run under the ashpan, and after being filled is placed over
gridd and the ashes deposited into the chutes. In the ease of
the paddled ashes, these are taken from the engine  firebox
through the firebox door, and then thrown from the footplate
into the trolley on the track alongside the engine pit, and the
ashes are disposed of similarly. The same procedure is adopted
with smokebox ashes. Ample watering facilities are provided
for efficiently quenching the ashes.

The practice of cleaning the boiler tubes themselves while
running has now become almost universal. It has proved an
excellent method of improving the steaming of an engine, especially
when using dirty coal, and for making up lost time. The soot and
ashes which bloek up the tubes and collect on the brick arch are
all blown clean through with the ten-second steam blast of the
soot blower, which should be used every hour. To prevent
“ birds-nesting ** on the tube ends and tubeplate, the soot blower
should be used ten minutes after lighting up fires and raising
full steam ; this prevents the ash building up. The tubes also
should be blown through just before the locomotive returns to
the running shed.

A good example of the kind of apparatus referred to, and one
which is both simple and rapid in operation, is the Diamond
blower. or cleaner, manufactured by the firm of that name, which
incorporates what is ealled a snap-over valve action ensuring
minimum steam consumption. When the steam supply to the
cleaner is turned on, steam is admitted to the steamchest. The
piston is slightly larger than the bore of the valve seat, so that
steam pressure keeps the valve on its seat, and prevents any
steam being used until the eleaner is operated. A sharp push on
the handle is sufficient to carry the whole interior forward. No

back inside the valve seat.
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steam H :ul.miiimi to the shank and nozzle. The shank is slightly
larger in dinmeter than the piston, so that steam pressure then
causes the whole interior to snap forward into the operating

LI
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Fra. 18.—Diamoxn Soor BLower : VALvE OPEN,

position.  One full turn of the handle ensures that the whole
tube bank is cleaned by the steam jets.

STEAM INLET
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Fia. 19.—Diamoxp Soor Browet: Vawve CLoseb,

A final sharp pull on the handle brings the valve protector
Immediately, steam pressure builds

up and causes the valve to snap back on to its seat simultaneously
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shutting off the steam supply and withdrawing the nozzle inside
the water-cooled housing tube. The Diamond snap-over valve
action thus ensures that no steam is used until the nozzle is
forward in its operating position, and that no steam is wasted
after the eleaning operation is complete. It will be noted also
that a carefully-designed shut-down valve is incorporated in the
cleaner. When the cleaner is not in use, this valve is retained
on its seat by the spring. The cleaner is mounted on the back
of the firebox in the driver's cab at a convenient height for direct
hand operation. Tt is readily accessible at all times and can
be removed easily for inspection.  The cleaner nozzle incorporates
three carefully-machined eylindrical orifices, each designed to
deflect a jet of steam positively to one zone of the tube bank.
This positive deflection eliminates any danger of cutting the
crown plate.
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Locomorive BoOILERS.

The cleaner ean be operated easily in ten seconds by the
single turn of a hand wheel. The method of eleaning is so
simple that there is no temptation for the driver to avoid this
important task. The illustrations, Figs. 18, 19, and 20, show the
details of construction.

The Clyde soot blower manufactured by Clyvde Blowers Litd.,
Clydebank, is a standard fitting on many railways, having been
supplied to more than fifty railway companies throughout the
world.  This blower is designed to operate automatically by a
few turns of a hand wheel, the movements transmitted by
which always take place in correet sequence, and in the following
order :—

1. Nozzle advances until it leaves its housing,
2. Steam automatically admitted to nozzle,
3. Nozzle rocked to spread steam jet.

When the hand wheel is reversed the nozzle is retracted,
housed, and protected, and steam is shut off from it automatically.

This deseription will be followed more easily if read in
conjunction with the illustrations, Figs. 21, 22, and 23,
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The applieation of the soot blower to the back plate of the
locomotive boiler is effected by fitting a housing tube through
the rear water space which gives access to the firecbox. The
blower is attached to the back plate by four §-in. diameter studs
and nuts, and a steam connection is led from a stop valve on the
boiler to the blower steam inlet and coupled to it by means of
companion flanges or union nut and tail. A drain connection is
led from the bottom of the blower steamechest.

The application of soot blowers to the sides of the firchox is
desirable in certain circumstances.  Sometimes the inelination
of the brick arch and the arrangement of the arch tubes when
fitted prohibit the application of a blower to the back plate, and
the type of Clyde blower designed for fitting to the side of the
firebox has operating mechanism which gives positive control
from the eab. The operating hand wheel is situated in the cab
and controls the advance of the nozzle and spread of the steam-
jet, whilst in addition it admits and shuts off steam automatically.

An automatic drain valve is provided on the blower steam-
chest and this valve remains open while the blower is in use,
closing under steam pressure after all condensate has escaped.

The operation of the blower after the stop valve has been
opened consists of turning the blower hand wheel several turns,
first in one direction and then in another, whereby steam is
automatically admitted to the nozzle and the jet discharged
through cach row of tubes in the nest. It is intended that the
blower should be used with regularity every four hours, or as may
be determined by experience.

An unique feature of the Clyde blower, and one of great
importance, is that the steam spindle carrying the nozzle does
not make complete rotation although the hand wheel does. Due
to this fact, the nozzles are designed with two ports, discharging
the steam at predetermined angles such as 5° on top and 25°
on bottom,

As the housing tube is situated a few inches below the erown
plate, it will be obvious that, were the steam spindle, carrying
the nozzle, to make complete rotation with jet angles as stated,
then the greater angle jet would strike the erown plate within
o short distance of being discharged from the nozzle.  Grooving
of the erown plate in such circumstances would quickly develop.
No grooving can take place with the Clyde soot blower nozzle
design and part rotation of the steam spindle. By consulting
illustration Fig. 23 this will be understood readily.

These remarks refer to the blowers fitted to the side of the
fircbox ; the standard type manufactured by Clyde Blowers Lid.
is arranged, as alveady indieated, for fitting to the back of the
firebox.

Another apparatus  designed and used for the purpose of
keeping the boiler tubes and tubeplate clean is that known as
the fircbox sand gun. This is in the form of a fitting on the
fircbox back plate and by means of it small quantities of sand
can be introduced into the firebox at intervals when the engine
is working heavily. 1In the past it has been the practice of
certain enginemen to spread a shovelful of sand over the top of
the brick arch on heavy sections of the line, to prevent the tubes
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from becoming furred, but this method of hand sanding is open
to the serious objection that, should the regulator be closed
during the process, some of the sand is liable to be sucked down
the blast pipe and thus damage valves. The sand gun has been
designed to be proof against such a possibility by making its
action depend on steam taken from the steamchest, so that,
as soon as the regulator is closed, it is put out of action auto-
matically. The gun is arranged so that it introduces sand into
the firebox from a point in the centre of the back plate immediately
over the firchole door, and is thus discharged straight at the
tubeplate over the top of the brick arch.

The apparatus illustrated in Fig. 24 consists essentially of a
steam ejector taking steam as aforementioned from the steam-
chest, the steam jet entraining with it a supply of sand drawn
through a pipe from a sand container situated in a suitable part
of the engine cab. The mixture of steam and sand is discharged
through a combining nozzle which enters the inner firebox through
a short length of tube of about 5 in. diameter, serewed and
expanded into the plates of the inner and outer firehoxes and
beaded over at either end. TIn order that the whole area of the
tubeplate may be covered, the combining nozzle is set at an
angle and so mounted that it may be rotated by a hand wheel,
thus causing the stream of sand to sweep round the tubeplate
in a circular path so that all portions of it are subjected in turn
to the scouring action of the sand blast.

After the smokebox is emptied, a good plan is to grease
round the rim of the door, so that when screwed up tight a good
joint is made and the drawing in of air prevented.

The fire can then be dropped and the ashes raked out. After
locking up tools and lamps, and before leaving the engine, the
fireman should assure himself that the jet and dampers are
closed, handbrake hard on, eylinder drain cocks open, and
reversing lever in mid-gear,

By this time the fireman will have had experience on pilot-
engines and goods trains, and will have had an opportunity
of becoming acquainted with the road, signals, and gradients.
At the same time it should not be forgotten that the whistles
for junctions and passing trains are deseribed fully in the rules,
and should be known.

In the early or probationary period of his firing experience,
the spare fireman will have had many opportunities of noting
the importance of whistle signals, and should therefore ascertain
for himself the reasons for their use. Various forms of whistle
signals are adopted on all railways, and are used aceording to
circumstances, or location, as when passing through a junection,
or a tunnel in which men may be working, ete. They may be
used also for indicating to a signalman at a given point on route
that a train is not stopping, or, on the other hand, is booked to
stop at some particular station or siding.

By their use, whistle signals indicate to the signalman the
line on which a train is coming, or, when approaching a junction,
the driver, by giving the prearranged number and form of
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whistles, can indicate the particular line on which his train is
intended to run. It will be seen thus that whistle signals have
an important bearing on the time-keeping of the long-distance
high-speed trains of today, since it is possible to inform the signal-
man that the train is booked to run through an important station
or junction, and so on.

Then again, by reason of the failure of the water pick-up. or
the absence of water in troughs, a driver may wish to stop at
some convenient point for water, in which case the agreed code

| Horrer

Fra. 24.—Sann Guy FreriNes vsep ox LAMLS. R, LocoMorives,

of whistles will be given.  This applies also when there are
vehicles to be detached at a station where the train is not timed
to stop, and, in the event of a driver finding his engine, from
any cause, unable to work his train to the next bhooked stopping
point, he may give several ** crow ' whistles to attract the
attention of the signalman at the next box the train has to pass.
Having thus obtained the attention of the signalman, the driver,
to indieate his difficulty, will signal to him as follows :—

By Night.—A white light shown to the signalman by the driver.
By Day.—A lamp held up by the driver toward the signalman.

The foregoing will be sufficient to indicate a few of the many
purposes for which whistle signals may be used, and it will be
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seen that the meaning of the signal is determined by its form,
which may be only a simple “ erow,” or two, three, or more short
blasts according to the code adopted on the particular railway
over which the engine is running. Tt will therefore be obvious
that, to be of assistance as and when required, the spare fireman
should make himself familiar not only with the various whistle
codes in use on the railway with which he is concerned but also
with the different points on route at which the signals are to
be given.

Since the code of whistle signals may vary to a certain extent
on different railways, it is not possible within a reasonable space
to give more than a few examples, but these should be sufficient
to indicate how essential it is for the spare fireman to familiarise
himself with the codes in use in those districts on the particular
railway with which he expects to be concerned. The following
examples are quoted to show how the code is varied to suit a
particular purpose : they are not, however, by any means a
complete list of the whistle signals in use :

Up Trains : Carlisle to Crewe (L.M.S.R.).

One long whistle and two erows when passing Southwaite
station.

Two long whistles and two crows on slow line when wanting
water at Penrith.

One long and one short whistle when passing Wigan on
fast line for the South.

One long and two short whistles when passing Wigan on
fast line for Liverpool.

One long and three short blasts when passing on fast line
for Manchester.

Down Trains : Crewe to Carlisle.

Two whistles when passing Preston Brook and not stopping
at Warrington.

One whistle when passing Wigan for Preston and the
North.

Three crow whistles passing Milnthorpe to detach ve
at Oxenholme.

Two whistles passing Clifton and Lowther for wagons to
be detached at Penrith.

Three erows at Tebay No. 1 for passenger trains requiring
a bank engine at Penrith when not timed to stop.

icles

Up Trains : Crewe to London.
Two whistles passing Norton Bridge for running through
Stafford and the South line, and two whistles and one
crow for Wolverhampton and Birmingham.

Down Trains : London to Crewe.

Two whistles passing Welton for running through Rugby
for Nuneaton and the North.

With the experience already gained, the fireman should be
sufficiently advanced to be passed officially as a fireman, and
will have begun to prepare himself for examination.
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EXAMINATION FOR FIREMEN
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Tue technical examination for cleaners to act as firemen is an
oral one, and the following subjects are usually included in the
test of a candidate’s knowledge :
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() General deseription of a locomotive, i.e., names of the
principal component parts.
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Sign on ; carry out Rule 126 (i) : look at the notice hoards,
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firchox, smokebox door, ashpan, tube ends, brick arch, firebars,
and try the injectors.  See that there is a full set of fire-irons,
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4. What would youw do first after starting away with a goods or
coal train ?

Carry out Rule 142,
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5. Explain what Rule you would use, if detained at a home signal ?
Rule 55 (a).

6. What Rule applics to you if shunted across the road for a
passenger or other important train to pass ?

Rule 55 (b).

-1

What should you expect to find in the case of all signals off and
the signalman waving a green light from side to side ?

Train divided as per Rule 182.

8. Haplain what Rules are brought into wse while running with
a train.

Rules 126 (iv), 126 (v), 127 (v), 127 (xvi), 132.

9. What Rule would a fireman apply in case a vehicle caught fire
on the train ?

Rule 188.

10. If firing on a passenger train, erplain what Rule you follow
when leaving a station.

Rules 126 (viii) and 143.
L1. What steps would you take in case your mate met with a serious
aceident ?

Bring the train to a stand at the first signal-box or station
in order to obtain assistance,

12. What methods of firing would you adopt to avoid making thick
smoke ?

By firing often and in small quantities, and by elosing the
dampers, putting on the blower, and opening the firchole door
immediately the regulator is closed.

13. What would you expect to find if an insufficient amount of
air was admitted to the firchox ?

Thick smoke issuing from the chimney.

14. What are some of the results of admitting too much air ?

The hot gases are swept through the tubes before giving
up their heat, and coal is wasted in heating up the surplus air.

15. How would you find out that only just sufficient air was being
used for complete combustion ?

By the appearance of smoke if the firehole door is closed a little.

16. What would you assume if a larger amount of sparks than
usual were being sent through the chimney ?
That the fire had got thin in places and cold air was being
drawn at a great speed through the firebars.
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17. What methods would you adopt in order to restart a combination
type of injector which had failed in its action ?

First shut injector steam cock, close feed on tender, and open
drain cock to allow the water to be thoroughly drained. After
draining the pipes, close drain cock and again open the tender
feed.

18. In case your engine was fitted with the old type of injector and
clack box on side of boiler, what would denote that the clack
valve was sticking or being held from its seat ?

A rush of steam or hot water through the overflow and back
through the feed pipe to the tender.

19. When this occurred, how would you proceed, in order to return
the valve to its seat, before attempting to restart the injector ?

First close water plug and drain-pipe valve to avoid the
back rush from the boiler, and then open steam supply cock
to the injector. In this manner the pressure on both sides of
the clack valve would be equalised, and any foreign substance
between valve and seat would thus be released by the jolting
or the sudden stoppage of the engine.

20. How could you ascertain that the clack valve had been returned
to its seat ?

By first clogsing the injector steam supply cock, and then
opening the steam or water valves in order to see if the back
rush from the boiler had ceased, in which case the clack would
have been returned to its seat and would again be in working
order,

21, What would you do when running into a station or terminus ?

Use the handbrake and earry out as far as practicable Rules
127 (xiv), 127 (xix), and 128.

22, Give the number and colowrs of the different wrong line order
cards,

Four cards as follows: Form A (Pink) issued by guard ;
form B (Green) issued by driver; form € (White) issued by
guard, and form D (Yellow) issued by signalman and retained
by driver after use.

23. What Rule applies should an accident oceur to a train and the
opposite line is fouled ?

Rule 180,

24, Should you break loose with your train, and had to set back
on the facing line, what would be your duty and what Rule
would you apply ?

Rule 183 (i).
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95. Should an accident oceur to your train, and you were sent to
the nearest signal box for an assistant engine or breakdown
van, explain what would be your duty and give the Rule.

Carry out Rule 183 (f).

26. If it be necessary for a train, or portion of a train, lo return
on the wrong line to the signal box in the rear, how would
you act ?

Obtain permission in writing from the signalman, as per
Rules 184 and 185.

27. Can you make a large end trimming, mop, and string a cork ?

Trimmings to be made in presence of examiner.

28, What are the more important duties in putling an engine away ?

See that there is a proper supply of coal, water, and sand.
Glo with engine over the ashpit and fill up the boiler, before
dropping the fire, to reduce excessive cooling stresses. Clean
out the smokebox, with firehole door and dampers closed, using
jet as little as possible, then drop the fire and clean out the
ashpan. After arrival in shed, open the eylinder drain cocks ;
put the reversing lever in mid-gear ; lock up tools, ete., and see
that the handbrake is hard on.
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C'HAPTER D
WATER, HEAT, AND STEAM

Hrrnerro the consumption of coal for steam-raising purposes
and the principal details of the transference of the heat to the
water have been chiefly deseribed.  Seeing that water is a vital
necessity for the running of an engine, a few brief and elementary
details of the properties of water, heat, and steam will not be
out of place here.

Pure water is a chemical combination of hydrogen and oxygen.
Steam is the vapour of water generated by the application of
heat. The process of this produetion of aqueous vapour at the
surface of the water is termed evaporation or vaporisation, the
constituents of the water and vapour remaining the same, namely,
2 parts hydrogen to | part oxygen by volume.

Absolutely pure water ean seldom be obtained for locomotive
purposes, as there is always an admixture of impurities, varying
in quantity and character with the locality from which it is
procured.

The position of supply stations being determined by traflie
requirements, railway companies, in many instances, are foreed
to use water of a very inferior quality for boiler-feed purposes.

A little knowledge of the supply districts will be useful to
the driver, as it will enable him to a certain extent to know
when and how to regulate his water level, so as to guard against
priming and other boiler troubles,

1t is sufficient for our purpose to say that water for all practical
purposes is not compressible, although it readily expands when
heated, and the density naturally deereases as expansion takes
place.

It is this decrease of density, together with the rising steam
bubbles, which sets up eireulation in the boiler, the fluid next the
firchox and tubes becomes heated and rises by its own buoyaney,
while the colder portions fall by gravity to be warmed in turn,
thereby setting up currents which in a well-designed boiler will
keep all portions at a nearly uniform temperature. The efficiency
and durability of a boiler depends very much on a proper and
complete circulation.

When water is boiled in an open vessel at the sea level, the
temperature of the water and of the steam rising from it remains
at or near 212° K. If the same water could be taken to a great
height, the upper air being ravefied and its pressure consequently
less, ebullition or boiling would begin before 212° I, was reached,
the decrease in weight of the atmosphere allowing the steam
particles to eseape earlier from the surface of the water. If the
same experiment were tried far below the sea level, the pressure
of air would be enhanced, and ebullition retarded, thus raising
the boiling point above 212° F,

(1]
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Similar action takes place in the boiler, the boiling point
rising with the pressure, owing to the increased resistance oﬁ'('rn_tl
to the release of the steam particles on the water surface.  This
increase of boiling temperature has been found to be approxi-
mately as follows :—

Pressure in barometer inches, 20-9. Boiling point, 212 I“.
21 4°

" » »w Sl:l s » 214 l“-

" . w9243 » » 216° F.

An explanation of what 2127 F. (Fahrenheit) means will
not be out of place here. The thermometer invented by the
seientist, Fahrenheit, and named after him, is the one mostly
used in the British Isles, and consists of a glass tube with a srqnll
bore hole, one end of which is connected to a bulb anumim‘ng
mercury or spirits, the other end being closed. The expansion
or coniraction of the liquid by the variations of temperature is
made the means of measuring by a seale the amount of heat
or cold surrounding the thermometer.

When this thermometer was invented the greatest degree
of cold supposed to be obtainable was marked 07 F. or * zm:n.”
Water was found to freeze at 32° F., and this was thercfore
termed “ freezing point.”

When ebullition commenced and steam was given off the
mereury rose to 212°, and this was termed * boiling point.”

The French use the Centigrade and the Russians the Réaumur.
The principle is the same in all, and the only difference is in the
marking of the scale of degrees.

All scientific work is conducted with a Centigrade thermo-
meter. In it ** zero ” marks the freezing point and temperatures
are measured by degrees above or helow zero, the latter indicated
by a minus ( — ) sign. )

When steam is given off from water in an open vessel at
212° F. it has just sufficient elasticity to balance the pressure
of the atmosphere, which at the sea level is 14:7 Ib., or nearly
15 Ib. to the square inch. Steam possesses remarkable expansive
and compressible qualities. It is invisible and transparent until
brought into contact with the colder air, by which it is partially
condensed into moist particles.  One cubie inch of water will
produce 1 cub. ft. or 1,728 cub. in. of steam at atmospheric
pressure. )

This large volume decreases as the pressure increases, the
steam becoming compressed, its density being made greater,
and thus storing up its energy to be used as required. The
relative decrease of volume with augmentation of pressure and
density is known to be as follows :—

Pressure in Temperature, Density in Lb. | Volume of 1 Lb.
Lb. © F. of Cub. Ft. in Cub. Ft.
20 227 0-05 199
40 267 0-09 10-3
80 311 0-18 h4
160 J63 0-35 28
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From the foregoing it will be seen that when steam is generated
in a boiler and not allowed to escape during the addition of
further heat, the density, and therefore the elasticity of it, is
increased, the temperature and density always corresponding
with the pressure shown by the gauge, as long as the steam remains
in contact with the boiling water.

After the boiling point has been reached, and the temperature
begins to further increase, less coal is required for a given amount
of steam than at the lower temperatures.  This is accounted for
by the water lying almost dead during the heating-up process,
Immediately steam begins to form, the bubbles rise from the
heating surfaces to the top of the water and quicker cireulation
follows, the interchange of hot and cold particles becoming more
rapid.

It is during this process of evaporation that the impurities
in the feed water, if of sufficient density, are deposited on the
boiler surfaces.

If, on the other hand, the impurities be of a buoyant nature,
they are carried to the surface, and, if present in any appreciable
quantity, foaming or priming begins to take place.

Water used for locomotive purposes may be classed as
follows :

1. Surface drainage, i.e., from reservoirs.
2, River or flowing water.
3. Well water.

The first is really impounded rainwater, and is the best for
boilers.  Its impurities have been absorbed according as the
district has been one of limestone or chalk, ete., and settle in the
form of scale, which can be removed by an efficient method of
washing out and by periodical ** scaling.”

It is of the utmost importance that this scaling should be
done very thoroughly, otherwise the water is prevented from
getting into close contact with the heating surfaces of the tubes
and plates, and, the heat being confined locally by the scale,
burning of the plate or tube is likely to result.

If this deposit be allowed to remain, the effective work of
the boiler is greatly impaired, the loss due to a seale } in. thick
being computed to be as much as 25 per cent.

The firebox, when clean, is an excellent medium for trans-
mission of heat, the approximate relative conduetivity of copper
being 100, brass 30, iron 16, and water 0-2.  As already mentioned,
it is a fact that copper when coated is little, if any, better than other
metals, the great loss due to thick scale is therefore self-evident
from the above figures.

River water is not as suitable as surface-drained water.
The characteristics of the impurities will be influenced by the
gathering grounds, and the districts through which the river
flows. Manufactories, whether they be chemical or iron works,
contribute their quota of matter detrimental to the water if
employed for boiler-feed purposes.  Most rivers also contain
a large amount of suspended matter, which may be of an
acidulous character, or organie substances, sewage, ete.

Acids attack the plates and heating surfaces, setting up
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pitting and corrosion, which, when once started, is difficult
to arrest. Organic matter, sewage, ete., are the most frequent
causes of priming, the worst feature of which is that it is both
dangerous and wasteful, water upon which a certain amount of
coal has been expended in heating being wasted.

Little need be said about water from wells. Beeause of their
varied environments and totally different loealities, no classifica-
tion of wells ean be made that would bear on the present subject ;
wells usually contain more foreign matter than either of the other
sources of locomotive water supply.

The question of impurities in feed water is of the greatest
importance to steam users, and many devices and patents have
been put on the market for the purification of water by filtration,
sedimentation, distillation, and the addition of chemical reagents.

A few of the more common impurities, the trouble they cause,
and the remedies usually adopted are given below :—

Tmpurity T'rouble Remedy
Sediment, mud, and clay. Inerustation. Filtration and blowing off.
Magmesia and iron. Incrustation. Caustie soda.

Acid in mine waters, Corrosion. Alkali. )
Organic matter, sewage, ete, Priming. Precipitate with alum and

filter.
Carbonate of soda in large Priming. Add barium chloride.

quantities.

The treatment of boiler-feed water, cither by the use of
chemical reagents added to the water already in the boiler, or
externally in water-softening plants prior to its being supplied
to the tender or tank, has during the past several years been a
growing practice rendered necessary in the interests of boiler
performance and maintenance.  On British railways the external
method is generally preferred. .

A plant of the lime-soda type was supplied by the Permutit
('o. Ltd. and installed at Spitalficlds in the vieinity of Liverpool
Street Station, London (L.N.E.R.). The plant is of the eylindrieal
type, built for a continuous hourly capacity of 40,000 gal. The
raw water is drawn from the Metropolitan Water Board’s mains,
and the initial hardness of 167 to 187 (€lark) can readily be reduced
to 37 or less by the softening process. The settling tank is of
riveted mild steel construction, with dimensions of 36 ft. diameter
by 46 ft. 9 in. high, allowing a total settling time of four hours :
the tank is erected on a reinforced concrete structure so that the
tank base coincides with rail level, and the Permutit P.M. type
ground-operated lime and soda measuring apparatus is housed
in an arch below the track. This is arranged to give a proportionate
dosing of lime and soda at all rates of flow by the use of a special
contracting water meter fitted in the pipeline, which earries the
hard water to the inlet point on the settling tank.

The lime and soda emulsion is stored in a eylindrieal mild-
steel tank measuring 9 ft. diameter by 5 ft. 6 in. deep, and the
emulsion is kept permanently in an evenly mixed condition by
means of a motor-driven agitator. At the base of the tank there
is a valve box housing the pesitive type discharge valve, which
is actuated by a powerful solenoid attached to a bracket at the
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top of the tank. The solenoid is wired up with the electrieal con-
tacting meter on the erude water inlet pipe, and the arrangement
of the meter is such that the contacts close after the passage
of a unit number of gallons. At each contact the solenoid is
energised, thereby opening the valve, and the discharge of lime
and soda takes place into a dilution tank fitted below. The
measured lime and soda emulsion is diluted in this tank by soft
water, and the diluted mixture is pumped continuously to the
raw water inlet point on top of the softener by means of a
specially constructed reciprocating pump mounted on the side of
the lime and soda tanlk.

The arrangement of this measuring gear is such that dosage
is always proportionate, since if the flow of water to the plant
diminishes, a reduction oceurs in the number of meter contacts,
and consequently the number of valve discharges is corre-
spondingly reduced. Conversely, if an increase in flow oceurs
the valve is opened more frequently to cope with the increase.
Alongside the lime and soda storage tank there is mounted a
lime-slaking tank measuring 9 ft. diameter by 3 ft. 9 in. deep,
and an auxiliary measuring equipment is also provided for the
addition of a coagulant, sodium aluminate. The hard water and
the measured chemicals enter the settling tank by way of the
downtake pipe, which reaches from the top of the settling tank
to a point within the sludge collecting cone at the base of the
tank, and agitating gear is fitted to ensure even mixing and to
accelerate ** floc ™ formation. On reaching the base of the
downtake, the water begins to rise slowly in the tank towards
a wood-wool filter. The filter effects final clarification, and the
accumulated sludge in the sedimentation tank is discharged from
the cone bottom at the required periods.

Beneath the base of the settling tank there is provided a
reinforced conerete sludge pit into which the sludge is discharged
and settled, and a floating arm is arranged for the draw-off of
the resulting clear water. The thickened sludge is pumped
through a filter-press which normally is installed within a
separate housing arranged alongside the settling tank. The
use of the filter-press considerably simplifies the disposal of
the sludge, since by its use the liquid sludge is converted into
sludge cakes which can be handled and transported readily.

The water-softening plant shown in the diagrammatic ilius-
tration (Fig. 29) is installed at Eccles (L.M.S.R.) to soften water
of the following composition :—

Grains
per Gallon

Caleium carbonate . . J . 12-8
Magnesium carbonate . : . 097
» sulphate . . . . 599
23 chloride . : : . 1-12
Sodium chloride . . 5 5 . 1-25
Siliea . S . 5 . : 115
Oxide of iron and alumina . ¢ . 0:31

This water is not only very hard and seale forming, but is at
the same time corrosive.

3
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Fra. 20.—KEexx1corT WATER-SOFTENING PraxT AT Eccnes, LALS.R.
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The plant, installed by John Thompson (Kennicott Water
Softeners) Ltd., has a capaeity of 30,000 gal. per he. and consists
of a reaction tank, 30 ft. high by 36 ft. diameter, fitted with a
mixing chamber allowing a full fifteen minutes’ contact time, an
agitator extending the whole length of this mixing chamber.
Suitable sludge gear is provided at the bottom of the reaction
chamber, and a wood-wool filter is fitted at the top of the
reaction tank. The chemical proportioning gear is provided at
ground level for adding lime, soda, and sulphate of alumina or
sodium aluminate. Chemical pumps with adjustable strokes are
used for pumping the chemicals to the top of the reaction tank
where the water enters.

Immediately the chemicals come into contact with the water
the whole is subjected to a thorough mechanical agitation, thus
ensuring complete intimate admixture of chemicals and water
and the formation of a suitable floc in order to ensure rapid
settlement of the precipitated hardening salts. The size of the
reaction tank is such as to allow a full six-hour reaction period.
From the filter the water flows into a control box where the outlet
is controlled so as to ensure that air does not enter into the
outlet pipe, which is connected to a pump for delivering to the
various storage tanks. In order to finally condition the water
a special sodium phosphate gear is provided for dosing the water
with this chemical on the suction sidé of the service pump. The
proportioning gear is suitably housed in a brick building, and
storage space is provided for the storage of chemieals,

On account of the necessarily restricted water space compared
with that of a stationary boiler a locomotive boiler v wquires the
most eareful handling and alertness on the part of a driver or
fireman, the water evaporated on a run of any considerable
length being many times the volumetric capacity of the boiler.
This rapid change of water into steam and the various sources
from which the water is obtained make the question of incrusta-
tion, corrosion, and foaming, or priming, a very complex one in
locomotive practice.

The use of softened water, for instance, in boilers of high
steaming capacity, in conjunction with a comparatively restricted
water space, necessitates frequent blowing down, otherwise the
rapid concentration of the alkali which oceurs during evaporation
would result in dangerous and wasteful priming. An illustration
and description of an efficient form of boiler blowdown valve
appears on p. 89 (Fig. 43), Chapter 6.

The usual method of delivering the feed water in a locomotive
boiler is by means of internal pipes connected to the injectors
at the back plate, these few connections terminating about the
middle or in the front portion of the boiler, in order that the
comparatively cold entering feed may be directed into the lower
front end, with a view to discharging the water at the coolest
portion of the boiler. The delivery of the water into this
particular portion of the boiler is, however, known to bring
about local or unequal expansion and contraction, with the
result that there is a liability to grooving at the junction of the
front tubeplate and the barrel, in addition to the breakage of
stays in the locality of the throat plate.
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Toe CHURCHWARD
“Tor-FEep ™

The illustration (Fig. 30)
shows the * Top-Feed ™ ar-
rangement designed by the
late Gi. J. Churchward, when
Chief Mechanical Engineer of
the Great Western Railway.

With this apparatus in
use, the water is delivered
through feed pipes which are
carried round and up outside
the boiler barrel, as shown.
These pipes are connected to
clack boxes fitted with valves,
through which the feed water
is discharged into a shoot
and thence into trays, which
are supported by clips fixed
to the longitudinal stays.
The trays are notched at the
sides, and the water is thus
finally delivered in the form
of a number of very fine
streams which drop through
the steam space to the water
below. In this manner the
temperature of the whole of
the water in the boiler is
equalised and the entering
feed is  heated thoroughly
before it is brought into con-
tact with the metallic surfaces
forming the boiler.

The heating of the water
in the trays, of course, brings
about the deposition of much
of the scale-forming impuri-
ties, but since the trays ean
be removed readily, it will
be obvious that these can
much more easily be main-
tained clean and free from
furry or sealy deposits than
is the case with the usual
form of internal feed de-
livery pipe. The retention
of these deposits by the
trays must also necessarily
result in a reduction of the
total amount of scaly or
sedimentary impurity in
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contact with the heating surfaces, thereby maintaining the boiler
at its maximum evaporative capacity for a correspondingly
longer period.

The * Top-Feed " apparatus has been proved, by lengthy
and carefully conducted trials, not only to reduce considerably
the wear and tear of the boiler, but also to be economical from
the coal eonsumption point of view.

The method of transmission or conduction of the heat from
the firebox to the water in the boiler is of great importance, and
it iz with this end in view, with due regard to safety, that the
whole science of boilermaking has been brought to bear not
only on the materials used, but also on directing the path of the
hot gases from the fire, so that as much heat as possible may be
transferred through the heating surfaces to the water.

Many devices have been tried for the complete abstraction
of this heat, such as corrugated tubes, and tubes ribbed on
their inner surface to split up the gases. On account, however,
of cleaning and other troubles, these have not as yet met with
universal favour.

It was this demand for a large amount of heating surface,
combined with compactness, that influenced the earlier designers
in producing a locomotive boiler practically as we see it today.
The hot gases from the fire are split up and passed through a
number of tubes, which run the full length of the boiler from the
firebox to the smokebox. The tubes are completely surrounded
by water, their function being to use as much as possible of the
heat generated by the fuel in the firebox, abstracting it from
the gases, so that there may be as little waste as possible. In
this connection the reader may be advised to study with care
the details of construction referred to and in some cases illustrated
in Chapter 6, * The Locomotive Boiler.”

Thus it will be seen that our previous remarks on the develop-
ment of a large initial heat in the firebox have a direct bearing
on the efficient use of the great amount of heating surface,
especially when the admittance of air has to be regulated
judiciously, so that the gases may leave the tubes at a
comparatively low temperature.

It is well known that a specific amount of energy can be
evolved for every pound of coal consumed, and this can be
measured and its mechanical equivalent ascertained.

By way of illustration take the British Thermal Unit. One
unit is the heat required to raise the temperature of 1 Ib. of
water 1° F. when the said water is at its greatest density, namely,
39-1° F. The energy contained in one unit of heat has been
found to have its mechanical equivalent, known as Joule's, and
is expressed as 778 ft.-lb. ; a foot-pound is the amount of work
done in raising 1 1b. through a distance of 1 ft.

These very eclementary details of the known mechanical
properties of heat are given to remind the rising fireman that a
known power for every pound of coal consumed may be evolved,
and that only by the proper application of an efficient method of
working ean the best results be obtained.
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These methods should include making full use of a knowledge
of what is taking place in the firebox, combined with an apprecia-
tion of the expansive possibilities of steam, remembering that it
is its pressure-resisting and elastic quality that makes it so
adaptable for the conversion of heat transmitted by the fire into
mechanical energy.

Fra. 31.—A Tyre or Warer CoLuMN INSTALLED ON TUE
SouTHERN RAILWAY.

.R.

.E., Chief Mechanical Eng

-6-2 Tyre Exrress Locomorive, L.N.E

32.

FiG.
The late Sir Nigel Gresley, C.
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CHAPTER 6
THE LOCOMOTIVE BOILER

THE requirements of a modern locomotive boiler are exacting,
as the boiler has to withstand high steam pressures with a large
margin of safety, combined with efficiency and economy of space.
The restricted space at the disposal of the designers, and the large
area of heating surface required, together with the production of
a sufficiently strong draught, have determined the form of the
boiler, and, although the form is suitable for the purpose to which
it is put, a locomotive boiler necessitates more careful handling
than the majority of other types.

The efficiency of a boiler is measured by the amount of water
that can be evaporated per Ib. of coal, and this depends on the
quantity of coal that can be consumed efficiently on the firegrate.
For the economical production of steam, therefore, a boiler must
be well designed for its work and must be handled with
intelligence.

Because of the considerable inerease of working pressures,
improvements are being made constantly in the methods of
boiler construction. Rivet holes, which were formerly punched,
are now drilled, and in most cases specially designed machines
arce used, so that the boiler shells, ete., can be drilled after being
rolled or pressed into shape. By these means the holes in the
plates are made to correspond with each other very exactly
and the rivets a much better fit than they were by the old methods.
The liability to damage the texture of the boiler plates was
formerly much greater than it is now. A drilled plate is 10 per
cent. stronger than a punched plate.

The old-fashioned riveting and eaulking by hand is super-
seded by the employment of hydraulic and pneumatic tools.
The hydraulie riveter will give a pressure of about 100 tons per
8. in. on the rivet head. This great force ensures the complete

Locomorive BoiLer Laceep wrte ““ ALroL ” INSULATING MATERIAL.

3.

” filling up of the hole and bringing the plates close together in a
2 manner that was almost impossible with the hand hammer.
—_—

Many other new methods have been introduced which, eombined
with improvements in the materials used, allow of much higher
steam  pressures than were dreamed of formerly, and have
. B - increased the efficiency of locomotives,
— In modern practice welding is resorted to in boiler con-
- HHH ‘ struction to an increasing extent, taking the place of riveting
! — Ly and having the advantage of dispensing with drilling holes and
keeping rivets tight, and also effecting a saving in weight. This
practice is extended to other structural parts of locomotive
construction, and there are cases in which the cylinders, instead
of being cast, are fabricated, that is, built up of welded metal
instead of taking the form of castings.

2 JA 73
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For our purpose we may say that the locomotive boiler can
be divided into five parts, as follow :—

1. The barrel containing the tubes and superheater flue tubes,
which are held in position by the tubeplate at the
firebox end, and by the corresponding tubeplate at the
smokebox end of the boiler. The smoke tubes, usually
about 2 ‘in. diameter, conduect the products of com-
bustion from the firebox to the smokebox, thus exposing
a large amount of heating surface to the surrounding
water for evaporating purposes.

2. The firebox outer shell forming the outer easing for the
water space surrounding the inner firebox.

3. The inner firebox containing the firegrate, brick arch, ete.,
and providing room for burning the fuel.

4. Smokebox containing blast-pipe, main steam pipes, ete.,
and supporting the chimney.

5. Chimney for conveying the smoke, ete., above the train
level, and for producing, in conjunction with the blast,
a strong draught for the proper combustion of the fuel.

The joining together of these parts and the choice of materials
eall for the highest engineering skill.

The boiler-shell or barrel is made up from flat mild steel
plates about } to { in. thick and about 3 to 6 ft. wide. These
flat plates are rolled into circular rings of the required diameter,
and jointed by longitudinal seams, which are usually * butted
and riveted together by means of covering plates, inside and
out, secured by double rows of rivets. Three or four of these
rings are then joined together to form the barrel. The ring
joints are generally of the ** lapped  type with about 4} in. of
lap. This transverse joint is secured by double rows of rivets.

On certain railways, notably the G.W.R. and L.M.S.R. in
this country, the boiler barrel of the locomotive is of tapered
formation instead of in parallel rings or sections. It is claimed
that adopting this method the greatest cross-sectional area is
obtained next the firebox where the heat value is at its greatest,
while there is the added advantage of increasing the space in
the upper part of the barrel available for the collection of steam.
The underside of the barrel is usually kept horizontal, and the
forward part of the boiler is lighter. The distance from the
rail to the top of the smokebox is reduced, giving an opportunity
of increasing the length of the chimney.

The wrapper or outer firebox plate is shaped to various designs,
and is made from one plate forming the top and sides and secured
to a foundation ring by hot rivets made from the best iron or
mild steel, about I in. diameter, and pressed up securely by
hydraulic pressure.

The firebox front or doorplate is fitted into the firebox
outer shell and forms the end of the boiler. This plate, made
from mild steel about } to { in. thick, is deeply flanged, and is
pressed into shape by hydraulic pressure, with the flanges turned
at a large radius to give strength and elasticity. The outer
firebox shell is riveted to this flanged plate on the two sides and
top, the bottom being secured to the foundation ring.
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pipes for injectors, steam sanding, jet, vacuum
M, main steam pipes; EP, exhaust or blast-pipe; PP,

le iron for front tubeplate ; 1T, steel tubeplate ;
pers; FD, feed delivery pipe; RR, regulator rod :

: R, regulator; I, method of fixing steam supply

, safety valves; WH, whistle; SMB, smokebox ;

B, barrel ; FR, foundation ring ; FP, front plate ; ST, saddle or throat plate ; A, ang
EAY

FB, firebox ;: 8, stays; D, dome
ejector and steam brake ;

O,

; W, water gauge; T, tubes; CT, copper tube plate ;

, blower or jet; SC, scoop or deflector

pipe or cowl; BA, brick arch; F, firebars; AP, ashpan; DA, dam

; SMD, smokebox door; BL

S8, steam space ; BC, blow-off cock.

rtticoat
chimney
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(For illustrations of boiler fitted with superheating apparatus see pp. 256 and 259).
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The various mountings which control the steam to the different

parts arve fitted to the front plate, such as the regulator handle,
steam sanding and jet arrangements, injectors, and water-gauge
fittings, ete.
The saddle or throat plate is made from mild steel about
1 to } in. thick, and is the front of the firebox outer shell. In
the older types of bailers it is usually fitted in the form of a saddle
to the boiler barrel and riveted to the foundation ring.

Angle iron for front tubeplate. An angle iron, about 6 in.
by 6 in. by 1 in. section, formed into a ring and machined on
its faces and shrunk on the front end of the barrel, joins the
barrel to the front tubeplate.

The front tubeplate is made, as a rule, of mild steel (though
some boilers have copper front tubeplates) and is about 1 in. thick.
It is in many cases still flanged all round except at the bottom.
Inside eylinder engines have the bottom secured to the eylinders
when the boiler is finally placed in position on the framing.
The flanges on the plate are usually about 3 in. wide, and to this
plate the smokebox sides are riveted. The tubeplate is drilled
through a template, which gives the exaect positions of all the
necessary holes, the largest being for the main steam pipe,
usually about 5 in. diameter, while smaller holes are drilled
for the jet and vacuum exhaust pipes and for the tubes. The
tube holes, of which there are usually from 100 to 250, according
to the class of engine and size of boiler, have a diameter ranging
from 1§ to 2} in. The front tubeplates of modern locomotives
are very frequently flanged all round, forming as it were a circular
dished plate conforming to the diameter of the boiler barrel and
recessed within it. The rear tubeplate is also arranged similarly,
and riveting is resorted to at both ends of the boiler.

In this country the inner firebox is usually made from good
copper, which is specially prepared and annealed for the purpose.
Copper is used on account of its being a good conductor of heat,
but more especially because of its ductility and suitability for
withstanding the great fluctuations of heat in the firebox. Steel
fireboxes are fairly common on the Continent, and have also
been fitted to locomotive boilers in the British Isles.

The continual change of temperatures and the unequal
stresses set up by the variable expansions of the inner and outer
fircbox shells tend to destroy the tenacity of any metal that
may be used. Those portions of the inner firebox sides which
are licked by the flames passing round the edge of the brick arch
generally become thin first, and it will be found that the stays
near these parts are the first to show signs of leaking after the
engine has performed a certain amount of work.

The inner firebox gives a heating surface ranging from about
100 (or less) to 240 sq. ft. as a maximum for a British engine,
again according to the size of the boiler. The top and sides are made
from one piece about } in. thick, bent with large round corners
to give strength ; another plate of the same thickness shaped to
suit the firebox door forms the front of the box, and the tubeplate
the back. This tubeplate is the more important one and is about

1 in. thick in the upper part, which contains the tube holes, and
1 in. thick at the lower part.
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The width of the foundation ring defines the minimum water
space, which is usually from 2} to 4} in. The ring, which is
made of steel, extends round the bottom of the inner box and
is secured between the inner and the outer shells by rivets
passing through the two shells and the ring. A similar ring
forms the firchole mouthpieee, or the plates are flanged to meet
and riveted together.

The large amount of flat surface which the inner and outer
firebox contain, and the varyving stresses set up between them,
make the staying of these parts an exceedingly important
matter. The circular parts of the hoiler can easily withstand
the internal bursting pressure, but the flat surfaces would im-
mediately bulge unless an effective method of staying were
adopted. The inner box is usually tied to the outer shell by
copper stays about {i in. diameter, serewed with ten or eleven
threads per inch. These stays are pitched about 4 in. apart and
are fitted through threaded holes in the inner and outer shells,
after which they are riveted over on the inner and outer sides.

The ecrown of the box was formerly in general practice
supported by girder stays, but nowadays direct stays passing
through threaded holes in the erown and outer shell are mostly
adopted.  The top of the box is usually flat, and it is on this
part that the most rapid evaporation takes place, 1 sq. ft. on
the top of the box having been found to evaporate from six
to ten times the amount of water that 1 sq. ft. of average tube
surface will evaporate., It is essential, therefore, that the
circulation over the erown should be as free as possible, so that
the heated water and steam can be replaced by the colder portions
of water rapidly. This is taken into consideration when adopting
any method of staying the top of the box. When girder stays are
used, they pass immediately over the top of the inner box, and
are said by many to interfere somewhat with the circulation,
obstrueting the hot water or steam bubbles as they tend to rise
to the water surface,

The girder stays also make the washing out or scaling of
the top of the box more difficult, which is an important matter
when it is econsidered that the heat-conducting properties of
copper are little better than that of other metals if the copper
is allowed to become coated or heavily scaled.

For these and various other reasons the * Belpaire © shape
of firebox is now adopted extensively. In this type direct stays
can be used, as the outer shell or wrapper plate is made flat
on the top. The stay holes are threaded, and the stays serewed
in from the top and through the inner box at the same time,
after which a nut is serewed tight up to copper washers inside
and out, thereby ensuring that the stays are steamtight. Flexible
stays are sometimes used in what is known as the ** breaking
zone ' at the forward extremity of the interior box where the
effect of expansion and contraction is felt most severely (sce
Fig. 34, p. 75).

The tubeplates are generally stayed by longitudinal stay
bolts or bracing stays, which pass from the fircbox to the smoke-
box. These stays have little work to do, the tubes, when
expanded in position, acting as stays themselves.  Longitudinal
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stays, ordinarily five in number, also pass from the frontplate
immediately over the top of the inner firebox to the smokebox
tubeplate with a view to strengthening the flat. surfaces of the
frontplate.

The bottom of the inner firebox is formed by the firegrate,
which is made with bars of a suitable shape to admit the air
necessary for the burning coal. In most cases two bars are used
to make up the full length of the firegrate, thereby obtaining a
bar that is conveniently handled and costs less to renew.

These bars are placed side by side and lengthways with the
firebox, the ends being supported by a frame or stretchers fixed
across the bottom of the box. Rolled iron or steel bars are
sometimes used, although they are mostly made in the form
of a tapered iron casting, wider at the top edge than the bottom,
and east with facings to keep them a suitable distance apart,
so that the air can pass freely between them to the fire. They
incline towards the tubeplate, the motion of the engine thereby
gradually working the fuel forward and assisting in a proper
distribution of the fire over the grate area.

An arch made from firebrick or fireclay lumps is erected

inside the firebox immediately underneath the bottom row of

tubes. It is built in the form of an arch so as to be self-supporting.
and is erceted from side to side of the firebox, with the two ends
resting on brackets or studs, so that the sides of the box act as
abutments for its support.

Special firebricks and studs are usually inserted at intervals
between the brick arch and tubeplate, so that there is a small
space between the face of the tubeplate and the back of the
arch. It has been found in practice that a boiler steams better
with this space—so long as it is kept within certain limits. ']'h_c
space is also useful for keeping the top of the arch clear of debris
or any dirt that may fall when raking down the tubes, ete.

The arch., which extends diagonally upwards towards the
firchole door, acts as a bafile, and has a very important duty
to perform, particularly with regard to the prevention of smoke
and the proper combining of the volatile gases. )

The grate area of a madern British locomotive boiler ranges
between 26 and 50 sq. ft. Its further capacity is restricted by
the rails or gauge, and it is only by the employment of an
intensely strong draught that sufficient fuel can be burned to
meet the heavy demand for steam. If unretarded, this strong
draught would carry forward the products of the fire before
their hea -had been given up. These hot gases would escape
by the lower rows of tubes and the cold air would be 1.lrn.wn
from the firehole door over the top of the fire to the detriment
of the tubeplate, tube ends, and steam pressure. )

The scoop or deflector, which is fitted in the firehole door,
is made to point downwards, so that the entering cold air is
directed toward the hot gases and flame passing over the edge
of the brick arch, the scoop and arch m-ti'ng in .('ﬂn_]l.mct-ion for
the proper mixing of the hot gases and the incoming air.

The ashpan is fixed below the firegrate in the form of a box
or receptacle for retaining the ashes that fall from the fire.
1t is made from wrought iron or mild steel sheets about } in.
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thick, and completely encloses the underside of the firebars,
so that the air admitted to the fire is under the control of the
fireman, and can be regulated by means of the dampers, which
are usually fitted before and behind the ashpan in the form of
swinging doors, which can be moved by means of rods and levers
held in position by catches on the footplate.

In the larger locomotive boilers it is not an uncommon
practice nowadays to provide a combustion chamber in which
the gases from the fircbox can commingle before passing on
through the tubes, thus bringing about more complete combustion
of the fuel. This chamber is as a rule formed as an extension of
the interior firebox, to the heating surface of which it adds a
fairly considerable area.

Fig. 35 illustrates a modern example of firebox construetion
incorporating a combustion chamber. The chain dotted lines
indicate where welding was resorted to. Fig. 36 shows the interior
firebox of a 4-6-2 type express locomotive with riveted combustion
chamber.

The amount of steam space above the working water level
in a locomotive boiler is necessarily restricted, by reason of the
demand for compactness to suit the road and bridge levels.
The limitations of the steam space, together with the violence
of ebullition due to rapid evaporation and the motion of the
engine, make the question of priming and the collection of dry
steam of the utmost importance. To overcome these difficulties
a kind of collecting chamber or dome is fitted above the steam
space. It is usually placed on the second ring from the firebox.
When the engine is running forward or backward the water
will rise somewhat at the boiler ends, and this is taken into
account in determining the position of the dome on the barrel.
Of late years boilers have been inereased so largely in size and
height that domes have become small in order to keep within
the limits imposed by the loading gauge.

Although some engineers have designed locomotives without
domes, many reasons can be urged to prove that the steam from
a dome is much drier and the chances of priming considerably
reduced. A ready means of access is also afforded for dealing
with the pipes and connections which lead to the various fittings
on the different parts of the boiler.

The principal connection coming from the dome is the main
steam pipe, which passes through the boiler direct to the front
tubeplate, to which is connected a cast-iron elbow in the case
of engines fitted with inside cylinders, and a cast-iron tee-piece
to those engines fitted with outside eylinders. In locomotives
using saturated steam, copper pipes conduet the steam from
these castings through the smokebox to the eylinders below.

A east-iron connection to wlich the regulator is fixed reaches
up into the dome. There are various forms of regulators, some
of the sliding type, which move over port-holes in the casting,
and others of the equilibrium or double-beat type of valve.

The illustration (Fig. 37) shows an efficient type of double-
ported steam regulator. Steam is admitted to the main pipe
through the ported slide, which is actuated at the elongated
hole by the pin in the end of the forked connecting link. A slide



80

Fic, 35.—WeLpEDp Firesox witn Compustion CHAMBER

LOCOMOTIVE MANAGEMENT

(Vulean Foundry).

Lo36,—CompustioN CHameer Fieevox, 4-6-2 Tyre
Excizg, LAMS,R,

THE LOCOMOTIVE BOILER 81

containing smaller pilot port-holes is fitted on the back of the
main slide, and is also actuated by the before-mentioned pin in
the end of the connecting link. The latter slide is made a good
fit on the pin, and is therefore the first to open the small ports
to steam thus, by the gradual admission of steam, placing the
main slide in equilibrium and avoiding a sudden rush of steam
and the accompanying priming as far as possible.  After the
small pilot ports have been fully opened the pin will have
travelled the full depth of the elongated hole in the main slide,
and the larger ports
then begin to open for
the maximum admis-
gion of steam to the

engine eylinders. _f

The regulator is con- |
trolled by a long rod. |
about Ij in. diameter, [
reaching from the dome |
through the back or door =l
plate, and maintained o
steamtight by a gland E
and stuffing-box fitted i

to the plate. The regu-
lator lever is fitted to
the projecting end of
this rod, and is guided
by a quadrant which is
usually fixed in  the
centre of the boiler back
for the convenience of
the driver: this is es-
sential as it is the means
by which power is given
to the engine.

In many eases the
slide and ported type Fra. 37.—DovsLe-Porrep, Frar Tyre
of steam regulator has YEGULATOR VALVE.
been abandoned in
favour of the double-beat or uqllilihl‘illlll type, so that the
effort required for opening and closing may be reduced to a
minimum.

The ** Joco ™ combined regulator and drifting valve (Fig. 38),
one of several types made by the firm of Wota Ltd., comprises a
valve body and three eircular, single-beat, mitred valves mounted
concentrically on a spindle, and can be operated by the usual
crank rod or lever in conjunction with a lifting fork and bridle.
The valve body is of half-spherieal formation and has a mitred
seat at the top. Within the body is the largest of the three valves,
with ribs at the top and an extension at the bottom fitting into a
guide formed inside the body. The large valve contains a second
valve, which is guided by ribs at the top and a piston-like portion
at the bottom. Within this second valve is a third valve, also
guided by ribs. Passing through the third valve is a spindle on
which is also mounted a distance piece and nut secured by a
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split pin.  The top of the spindle is connected to the bridle by
means of a pin.

In operating the valve, the first movement of the regulator
handle opens the small valve to steam, which enters the chamber
formed between the underside of the piston portion of the second
valve and the inside of the large valve, and then passes between
ribs formed on the outside of the distance piece to the inside
of the valve body, and thence to the valve chests and eylinders.

When the small valve is fully open the steam passing between
the ribs on the outside of the distance piece is of the requisite
amount for admission to the valve
chests and cylinders when the engine
is drifting, i.e., coasting, and this is,
therefore, the drifting position of the
regulator valve. 1In this position the
area of opening of the small valve
is sufficient not only to pass the
required amount of steam for drift-
ing purposes but to ensure that the
pressure in the chamber below the
second valve is maintained at ap-
proximately the same pressure as
in the boiler. The second wvalve is
therefore balanced, and ecan be
opened by a further movement of
the regulator handle.

Steam flowing under the mitre of
the second wvalve passes through
ports formed in the side walls of
the largest valve to the underside
of the wvalve body, and fills the
steam pipe and valve chests, thus
balancing the larger wvalve, which
can now be opened. In the opening
operation the distance piece lifts the
second valve, and the nut performs
the same duty for the large valve.
The opening of each wvalve is
therefore positive. In eclosing, the
large valve shuts first, then the second valve, and finally the
third valve is returned to its seat, all under the control of
the regulator handle in the cab.

The drift position indieator is incorporated in the stuffing-box
quadrant, and a friction pad, also on the stuffing-box quadrant,
holds the valve in any set position. This combined regulator
and drifting valve is absolutely steamtight. Being practically
balanced, it is very easy to operate, and when closed the steam
pressure seals the valve and prevents inadvertent opening.

Another type of regulator for locomotives, of which large
numbers have been fitted, is the ** Servo,” illustrated in Fig. 39.
This regulator consists of a single-seated main valve C formed
with a eylindrical throttle extension D on its outlet side, and a
piston on its steam side containing an auxiliary pilot or balancing
valve K which terminates in a fine-pointed cone and is attached

Fia. 38.—Tue “Joco™ Com-
BINED REGULATOR AND
DrirriNG VALVE,
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to the valve spindle E. There is no direct connection between
the valve spindle carrying the pilot valve and the main valve.

The piston, which is packed with an ordinary piston ring,
works in a bored eylindrical extension of the valve casing and
forms with it a balancing chamber A. This is in permanent
communication with the boiler by means of the annular inlet P,
and is thus kept under steam pressure which, so long as the
pilot valve K remains closed, presses the main valve firmly
against its seat S,

The regulator is opened by drawing the pilot valve K from its
geat within the main valve and allowing the steam from the

N
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Fie, 39.—DErans or THE ** SErRvO " REGULATOR
VarLve ror LOCOMOTIVES,

balancing chamber A to escape past its conical point until the
rate of flow out of the chamber past the pilot valve K is in excess
of the steam supply to it through the inlet P, and the pressure
in A is thereby reduced. A point is thus reached at which the
pressure in A s insufficient to keep the main valve closed against
the steam pressure constantly exerted in an opposite direction
on the annular surface of the other or valve side of the piston, and
the piston is forced inwards into its eylinder (the balancing
chamber A) and draws with it the main valve from its seat.

The main valve now takes up a certain definite position in
relation to the pilot valve and so adjusts itself with regard to it
that the outflow of steam from A past the pilot valve K exactly
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equals the supply admitted through the inlet P, which is in
permanent communication with the boiler,

It will be seen that, when these conditions have been estab-
lished, there is no tendeney in A for the steam pressure to either
increase or diminish, and that the piston is thus in a state of
equilibrium.  The main valve, in fact, may now be said to float
upon the steam, and in this condition is highly sensitive to changes
of pressure in the balancing chamber A : if the pilot valve K is
made to approach its seat, the outflow of steam past it is at once
restricted, with the result that the pressure in A rises and instantly
forces the main valve and piston outwards in the eylinder and
away from the pilot valve until the condition of equilibrium is
again establigshed, and, conversely, if the pilot valve K is drawn
back and thus opened wider, more steam is discharged from,
and the pressure reduced in, A, with the result that the main
valve and piston are forced further into the eylinder A until,
partially closing the pilot valve, the outflow is again restricted
until it equals the inflow through P. The main valve thus
responds instantly to the slightest movement of the pilot valve ;
when the pilot valve is advanced or withdrawn the main valve
follows it as though the two were one, automatically establishing
the condition that inflow and outflow of steam in A are equal,
and when the pilot valve is at rest in any given position the
main valve is rigidly held by the steam in that position. Indeed,
so sensitive and absolute is the control afforded that it has been
demonstrated that the driver is able to increase his steamchest
pressure at will and with the greatest certainty by regular
increments of 2 1b. throughout the whole range at his command.

The effort required to work even the largest valves on the
“Servo ™ principle is insignificant, for the pilot valve, which
is the only one to be moved by hand against steam pressure,
does not in any case much exceed 1 in. in diameter : the steam
itself provides the necessary power to move the main valve,
and is set in operation and controlled by the pilot valve acting
as a sort of relay, so that the least possible exertion is necessary
on the part of the driver. In fact, when the pilot valve is once
opened, he has only the frietion of the working parts to overcome
and thus is able with a touch to keep his regulator under perfect
control. Tt is important to note that the main valve does not in
any position exert the slightest pull on the regulator handle,
there being no mechaniecal connection between the two.

The regulator valve and operating mechanism (Fig. 40) is
employed on the 4-6-2 (A4 class) and other locomotives of the
L.N.E.R. The valve is of the eylindrical balanced type and is
made in two parts with seatings at top and bottom. The
illustration shows it closed. The open position is obtained
when the bell erank, operated by the rod (indicated in the
drawing by a horizontal dotted line) from the cab, is moved to
the other centre seen in the drawing. The loose top seating
avoids the necessity of providing a door in the body of the
castings for assembling the valve. This is considered advantageous,
as it obviates uneven distortion of the easting. The loose seating
is secured in place by means of a number of set screws.

All the latest taper boiler locomotives on the LALS.R. are
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fitted with a steam dome for housing the regulator valve, differing
in this respect from the earlier engines of Stanier’s design, which
had no dome and carried the regulator valve in the smokebox,
where it was enclosed in the superheater header.  The drawing
(Fig. 41) shows that as far as possible the design of the main
valve and starting valve has remained unaltered, and that these
still work laterally across the port faces. The chief difference lies
in the form of the regulator head and connection to the main
steam pipe, together with the operating levers.

The regulator head is built up in two parts, the top part 14
and the bottom casting 15. The bottom portion embodies the
e¢lbow and connection to the internal main steam pipe and the
front bearing for the regulator rod 1 from the eab. This portion
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also carries the brackets 18 which secure the whole regulator
assembly to the boiler shell. The top casting which carries the
fulerum pin 10 for the valve-actuating levers has three ports
11, 12, and 13 machined on the top surface. The main valve
rests directly on the port face and is a flat slide valve of bronze
having a series of ports, 6, 7, 114, and 124, each of which appear
in groups of three, are so arranged to give additional strength
to the easting. The two narrow ports, 6 and 7, are known as the
starting ports, and are covered by a cast-iron starting valve
when the valve is shut. The starting valve takes the form of a
rectangular frame with projecting sides provided with slots 16
for engagement with the actuating rod 4. In a similar manner the
sides of the main valve are extended and provided with slots 17,
but in this case the slots are wider than in the starting valve, the
difference in width being equal to the travel of the latter valve.
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To open the regulator, the rod 1 is rotated in a clockwise
direction by means of the regulator handle, which moves the
short erank arm 2 and the lower end of the actuating lever 3 to
the right. The top of the actuating lever which works about
the fulerum pin 10 then moves to the left, eausing the starting
valve 5 to move in the same direction, so that the starting ports
6 and 7 are uncovered in that order. When the starting ports
are fully opened, the actuating rod will have moved over
sufficiently far to make contact with the left-hand side of the
slots 17 in the main valve 8. Further movement of the regulator
handle then moves hoth valves together, the main valve opening
the three main ports in the valve seating as it does so. '

The action in closing is the reverse of the above. The actuating
rod 4 is moved back to the right by anti-clockwise rotation of

Iz i3

Fie. 41.—DEerams or LM.S.R, RecuraTor VALVE
AND Frrrinas ix Dome,

the regulator rod. The starting valve is first moved back over
the starting ports 6 and 7, and finally both valves are moved
over into the closed position as shown in the drawing. A flat
steel spring 9 secured to the regulator head presses the starting
valve down upon the upper face of the main valve, and by
keeping the working faces in contact serves to prevent foreign
matter from working between them whilst the boiler is out of
steam. A spring-loaded catch is now being fitted to the regulator
handle which gives a positive location for the regulator in
the drifting position. Drivers should find this fitting a great
convenience on the road, as it saves juggling with the regulator
to obtain a breath of steam for coasting purposes.

As is explained in Chapter 11, which deals with superheated
steam, the practice in some cases is to locate the regulator in the
superheater header instead of in the steam dome on the boiler
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barrel. The type known as the multiple valve regulator is
incorporated, and particulars of this are given on p. 261.

Another system of steam collection has been applied to certain
classes of engines on the L.N.E.R. On the top of the boiler
barrel there is a steam collector formed integrally with the dome.
This is produced as a steel pressing riveted to the top of the
boiler on the outside. Steam is admitted to the collector by
a number of slots in the top of the boiler barrel, the object being
to prevent water combining with the steam on the way to the
regulator valve, which, together with the steam pipes, is of
extra large size to ensure that the boiler pressure can be maintained
in the steamchests. Fig. 42 illustrates the fitting referred to.

The other pipes which are placed high in the dome for dry
steam are five in number, namely, two for steam supply to the
injectors, one for the steam sanding cock, one for the jet cock,
and one for the vacuum ejector or steam brake valve. These
pipes are mostly made of copper, and are expanded or ferruled
into the frontplate and secured by clips in the dome.

In many cases it is usual to fit perforated plates about half-
way up the dome immediately underneath the regulator valve,
with a view to preventing the water from getting into the steam
pipes when the engine is in rough motion or the water in a violent
state of ebullition.

The cover or dome top is secured in position by bolts about
1 in. diameter, and the joint usually is made with asbestos. This
cover is easily removed for repairing the various pipes, ete.

When boiler feed water is treated chemically to reduce its
scale-forming and corrosive properties, some trouble with priming
is liable to occur. Stopping the engine for washing out at
frequent intervals is one method of overcoming the trouble, but
this has the disadvantage that the engine has to be withdrawn
from traffic for this purpose. An alternative method is to use a
continuous blowdown apparatus, and with this in use an engine
can be steamed for greatly increased periods without washing
out, and at the same time more fully softened water can be used
without fear of priming. Reference to this was made in the
preceding chapter.

The apparatus, as fitted on the L.M.S.R., consists of an
automatic water valve and a main stop-plug mounted together
in a casting secured to the back of the boiler, together with the
necessary piping and connections to carry away the discharged
water. Its purpose is to allow a definite but limited quantity
of water to be blown out of the boiler continuously so long as
the regulator is open. This water is discharged on to the ballast
through a cooling coil immersed in the tender tank.

The apparatus is very simple, the outlet pipe from the boiler
being brought to a port in the blowdown valve casing. This
port can be closed by a main stop-plug so that the whole
apparatus can be shut down if necessity arises. Normally, this
stop-valve is sealed in the * open ” position and the hot water
passes through the automatic blowdown valve which is controlled
by a piston, to the underside of which steam from the steam-
chest is led. The valve is thus open only when the main regulator
is open and the engine is working ; at all other times the valve
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is returned to its seat by means of the return spring.,  Fig. 43
illustrates the apparatus.

The safety valve, familiar to all on account of its simplicity
of action, is a very important adjunct to the boiler. The most
common type of locomotive safety valve is the one known as
the Ramsbottom. The design is so simple that any attempt
at tampering is at once apparent. The valves are generally
fixed in the centre of the firebox outer shell, and well away from
the dome, so that the regulator is clear of any water that may
lift when steam is blowing off violently. The base is usually
made in the form of an iron ecasting with pillars, fitted with
circular brass valves of the winged pattern, about 3} in. diameter
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or Steam-CoLLeerivg Device, L.N.E.R.

A centre spring holds the valves on their seats by means of an
overhead lever with pivots extending downwards into coned
recesses in the top of the valves.

The long end of the lever projects through the cab front,
so that the driver is able to set the valves in motion should any
sticking occur.

The valves are adjusted to the blowing-off pressure by a
brass washer on the eyebolt, which holds the springs in position.
These springs, being constantly under tension, gradually weaken
or stretch, and the valves in consequence blow off before the
working pressure is reached. When this takes place the brass
washer is taken out and thinned a little, and the tension increased
thereby.

The *“ Pop ™ type of safety valve is now largely adopted
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in locomotive practice, and most new engines are equipped with
this pattern of valve. Tt has been designed to overcome the
serious  disadvantage experienced with the ordinary spring-
loaded valve, in which, as the valve lifts, the load upon it is
increased by the greater tension of the spring, an undesirable
arrangement. The Ross “ Pop 7 safety valve as manufactured

Fia, 43,

Avromaric Continvovs BLowpowy VALVE.

by the patentee, R. L. Ross & Co. Ltd., of Stockport, has been
very popular for many years, due to the following features of
design and action : large steam discharge capacity, prompt
opening and shutting down, and low overall height. Fig. 44
shows a section of a 3} in. diameter (250 lb. per sq. in.
pressure) Ross “ Pop " safety valve. The adjustment of the
blowing-off pressure is made by screwing down the ecasing top 1
on the ecasing body 2, and this adjustment is limited by the
intervening ring 3 of a thickness to suit the required pressure.
The easing top is locked in position by pins at 4 and sealed.
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The lip of the valve at 5 and the small holes at 6 eause the
" pop " action. The valve seat proper 7 is a ground flat face.
The holes 8 are adjustable over the holes 9 and are for the
purpose of setting the amount of steam loss after the valve has
commenced to blow.

The smokebox is usually fixed in position after the cylinders
and boiler have been fitted to the framing. It is fixed on the
sides and top to the flange on the front or iron tubeplate. In
inside cylinder engines the front is sometimes secured to the
front flange of the eylinders, and for outside eylinders to a stay
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specially fitted to the frames for its reception. In other examples
a saddle casting is fitted above the inside cylinder casting, or
between the frames, when the eylinders are outside, and the
smokebox, which is then made circular, rests upon the saddle.

In some cases the front plate is pressed into shape by hydraulie
pressure, although the most common practice is to use a plate
about } in. thick, a hole being cut out for the smokebox door
to required dimensions. This door hole is strengthened on the
inside by a 2} in. by 2} in. angle.

On account of its greater strength the * dished * form of
door, about § in. thick, is mostly adopted, so that it can be
tightened up securely and airtight. Tt is prevented from
excessive heating by means of a circular baffle plate held about
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2 in. from the inside of the door by ferrules and secured by
rivets. A dart or drawbolt is fitted through the centre and
engages with a erossbar which is held in position by lugs riveted
to the circular angle, the door being tightened home by means of
a small wheel or handle on the dart serew. The door is provided
for cleaning out the ashes carried through the tubes by the
draught, for sweeping the tubes, and for examining, washing out,
and repairing the front part of the boiler.

The bottom of the smokebox in inside cylinder engines is
formed by the eylinders or steamchest top : these are protected
from the gases generated by the fuel by steel plates about } in.
thick, or with firebrick only. The plates are held in position
by small angle irons attached to the iron tubeplate and smoke-
box sides. The intervening space from the top of the eylinders to
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the underside of the plates is usually filled with firebrick and
cement as a further preventive against corrosion.

The blast-pipe is generally made of cast iron, and may be
of the breeches or the straight pattern to suit the various forms
of eylinders.  The bottom joint of the pipe is about level with
the aforementioned protection plates.

Little theoretical assistance has been obtained in determining
the proper size of the top of the blast-pipe, the sizes having been
arrived at generally from observation of actual practice. For
this purpose it is usual to (it a separate piece or eap, which is
holted to the top of the pipe, so that it is an easy matter to alter
the size of the outlet to suit the running of any particular engine.
Great care is taken in setting the pipe to see that it is exactly in
alignment and central with the chimney, so that the steam, after
leaving the blast-pipe, does not strike the top of the smokebox
or the sides of the chimney.

Since the exhaust pipe in the early locomotive engines was
first turned into the chimney for convenience, almost innumerable
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attempts have been made to eliminate the intermittent action
of the exhaust discharges, and thus to regulate the action of the
blast with a view to controlling the conditions of combustion
on the firegrate and to relieve the back pressure on the pistons
in the engine eylinders.

The automatic ** jumper ™ blast-pipe top and ring (Fig. 45)
were introduced on the Great Western system by the late G. J.
Churchward when Chief Mechanical Engineer. In ordinary
working, engines which use part of the exhaust steam in the
injectors or for other purposes require a smaller blast-pipe orifice
than they would otherwise do, but, on the other hand, when the
engine is being pressed the blast may easily become too fierce
and the back pressure on the pistons be inereased correspondingly.
When the engine fitted with this particular type of blast-pipe
comes to a gradient, or from any other cause the predetermined
amount of steam passes through the eylinders, the * jumper ™
rises and remains up till the exhaust steam is reduced, when it
falls. The rising of the ** jumper ™ increases the area of the
blast-pipe orifice by 9 sq. in.

With heavy loads and the corresponding admission of a
maximum amount of steam to the engine eylinders, excessive
back pressure must of necessity oceur if the capacity of the
blast-pipe is designed to give a free discharge under normal
conditions of service. It will thus be seen that by automatically
increasing the capacity of the blast-pipe, as with the ** jumper
top and ring, a free outlet for the exhaust is available under both
the normal and maximum load conditions. )

Adjustable blast-pipe outlets have sometimes been fitted, so
that the size of the orifice can be varied by the driver according
to the work the engine is performing. These may be advantageous
under certain conditions, but are liable to get out of order through
the ashes and eoal dust choking up the working parts.

The blast-pipe is a most important factor in the cconomical
working of a locomotive, and the engine runs at its best only
after the correct height and diameter of orifice have been obtained.

The exhaust steam rushes up the pipe at a high velocity,
and care is taken in designing that the exhaust does not become
throttled, otherwise a serious back pressure would be set up in
the engine eylinders.

With the objeet of improving the draught in locomotive
boilers and, by facilitating the passage of the exhaust steam,
bringing about a reduction of back pressure in the cylinders, there
has been fitted to a number of engines in this country and
abroad an arrangement incorporating a double blast-pipe and
chimney. This is known as the K.C. (Kylchap) double-exhaust
system. The device was invented hy MM. Kylala and Chapelon,
and is used extensively on French locomotives.

The steam on leaving the blast-pipe displaces a portion of
the gases in the smokebox, and this displacement, together with
the high velocity of the steam, induces a partial vacuum. It is
an old saying that ** Nature abhors a vacuum,” and as a conse-
quence of atmospheric pressure the air rushes through the
firebox, giving up its oxygen in its passage through the fire,
thereby assisting in the combustion of the fuel, and sweeping
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forward the hot produets of combustion to be sent out of the
chimney at the next exhaust discharge from the engine.

A leaky or badly fitting smokebox door will seriously impair
the quality of the blast. A certain amount of resistance is offered
by the tubes to the air in its passage to the smokebox, and the
air entering by the path of least resistance would therefore pass
through the leaky door, thus robbing the fire of its due supply of
oxygen. Modern locomotive practice favours a short blast-pipe,
with a cowl or petticoat fitting directly under and central with
the chimney.

As there is no exhaust when the engine is standing, a jet or
blower is provided for stirring up the fire when the exhaust is
not available. There are many forms of blowers. One method
is to bore a cavity in the short end or eap of the blast-pipe, with
small holes through the top, and to connect the steam supply
from the blower valve and through the tubeplate directly to the
blast-pipe.

Another form of jet is a copper pipe made circular to suit
the outside diameter of the blast-pipe outlet, and resting on a
ledge cast on the pipe for this purpose. This copper tube, which
is about 1 in. diameter, is drilled on the top side with a number
of small holes, and is connected through the smokebox tubeplate
to the blower valve on the front or doorplate.

The main steam pipe passes thréough the smokebox, and is
connected to the internal steam pipe already mentioned. In
engines using saturated steam it passes from the smokebox
tubeplate to the eylinders, is usually made of copper, is about
5} in. diameter, and is shaped to the eurve of the smokebox
sides. It will be seen that the smokebox forms a good protection
for the steam pipe, preventing losses due to radiation by using
the heat arising from the escaping gases.

The vacuum exhaust pipe is connected from the tubeplate
to the blast-pipe and arranged so that it will discharge through
the chimney. It is made of steel about 2§ in. diameter, with
brazed metal flanges, and controlled from the vacuum-ejector
in the eab.

The spark arrester is made of steel in many different forms,
perhaps the most common of which consists of flat plates with
perforations, or the one with crossbars on an angle, after the
pattern of a venetian blind. It is usually fixed immediately
above the top row of tubes, with the object of arresting the
small particles of hot fuel from going up the chimney and into
the atmosphere.

The chimney is supported by the smokebox and is usually
slightly tapered, larger at the top than at the base. It is made
in various shapes and sizes to suit the height of the engine and
bridge levels, ete., and is built up from steel or iron plates, or of
cast iron. Modern practice is to use cast iron with an internal
lining of the same material, which can be renewed without
dispensing with the outer shell.

The tubes which conduct the hot gases from the firebox to
the smokebox vary in size and number, according to the size
and design of the boiler, and are made of such materials as steel,
charcoal iron, copper, or special alloys supplied by particular
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makers.  The most commonly used nowadays is steel—some-
times with brass or copper ends brazed on at the firebox end.
In modern locomotives the tubes vary from 1§ in. to 2 in. in
diameter, giving a heating surface of 900 to over 2,000 sq. ft.,
according to the number and size of tubes employed.

The ends of the tubes are expanded in the tubeplates, and thus
made steamtight. It is the practice to drive ferrules into the
ends of the tubes, usually at the firebox end but also in some
cases at the smokebox end as well. Tt is good practice to bead
the ends of the tubes over inside the firebox, thereby preventing
them from wearing or burning short through the fire playing
upon the otherwise sharp edges.

For convenience in connecting-up, most boilers are fitted
with a brass casting known as the combination or steam stand,
which is fixed on the top of the firebox outer shell immediately
in the centre, and inside the eab. A corresponding seating is
riveted to the firebox ecarrying the combination stand with
branches and connections for steam supply to the vacuum
ejector, the whistle or whistles, carriage \\'m‘min_g cock, steam
gauge, and the sight-feed lubricators. Steam s -Huppllml. to
the stand by a copper pipe about 2} in. bore, directly from
the dome. )

The most important connection to the combination stand
is the vacuum ejector. It is usually secured by studs to a brass
seating, which is riveted on the front or door plate for this
purpose. The exhaust pipe from the ejector passes through or
outside the boiler and discharges up the chimney. The action
of the ejector will be discussed more fully in the section dealing
with brakes.

The two whistles where used are made in brass and are of a
different size and tone. They are supplied separately with steam
and have independent valves for actuating them.

The small whistle is for ordinary use, such as warning any
person on the line of the approach of the train, or attracting
the attention of the signalman or any other person within
hearing. o

The large whistle has a much deeper sound, and is intended
for use in foggy weather, and for signalling to the ;_.ma}r(ls 111'lhu
train, or to the drivers of assisting engines, when it is required
that the brakes should be applied to stop the train. The practice
of using two whistles has gone out of vogue for modern locomo-
tives, and only one whistle is employed for all purposes. On
some railways there is an increasing tendency to adopt uvllmtp
rather than a shrill note, and what are known as ** chime ”
whistles, incorporating more t-h'un one l}t.)tn at one opening, are
employed in some cases, particularly in Ameriea and ecertain
other countries. ) L

The earriage warming cock, usually made in bt'a}ss. is fixed
on the fireman’'s side of the back plnpu. It. Pms an uulvpt-mlt_'nt
steam-pressure gauge, and ‘is secured in position by st lI.LlH,‘ which
on assembly are screwed into a seating riveted to the firebox.
Attached to the cock a reducing \-'u.lvv.,‘sut by means of a steel
spiral spring, is sometimes pI‘O\'I(lt‘{l. to give the ru'qumul pressure
(usually about 40 to 50 Ib. per sq. in.) into the pipe, which runs

THE LOCOMOTIVE BOILER 05

the full length of the train. The warming cock is under the
control of the driver and is used for heating the vehicles, according
to the weather. To minimise the danger of bursting the hose
pipes, care should be taken that steam is not turned into them
too suddenly. The steam supply to the warming pipes should
be shut off some few minutes before arriving at a station where
the engine or vehicles are to be attached or detached, otherwise
there will be danger of sealding the person uncoupling the pipes.

The jet cock is usually placed on the fireman’s side of the
front plate, although in some cases it is fixed on the side of the
smokebox, and controlled from the handle on the front plate
by means of a long rod. In most cases, however, the cock is
placed on the front plate and supplied with steam direet from
the dome, and the pipe on leaving the cock passes through the
boiler to the jet in the smokebox.

Near the jet cock will be found the steam sanding cock,
when steam sanding arrangements are fitted.

From the well-known fact that one of the most common
causes of boiler explosions is shortness of water, it will be under-
stood readily that the water-gauge fittings on the front plate are
essential adjuncts to a boiler. Two sets of gauge-glass fittings
are usually employed, so that one acts as a check against the
other, and as a safeguard should one require repairing or not
be working properly. The glass tube water-gauge consists of a
straight glass tube connected by fittings at the top end to the
steam space in the boiler, and at the bottom end with the water H
the bottom end of the glass is fixed above the highest part of
the heating surfaces. The gauge glass is a simple and yet
effective method of showing the water level, the steam being
transparent in the glass, and the water rising to its own level in
the boiler. One of the principal objections to the use of gauge
glasses is the chance of injury to the driver and fireman by the
bursting of a glass.

In recent years, however, it has been the practice to incorporate
in the upper and lower arms of gauge glass fittings, a ball and a
spring valve which automatically shuts off the steam and water
in the event of the gauge glass tube breaking under pressure,
Further protection is also afforded by the adoption of protectors
which prevent a shattered gauge glass from flying in all directions.

Dewrance & Co. Ltd., of London, is a well-known maker
of water-gauge fittings with automatic valve and ball arrange-
ments, an example of which is shown in Fig. 46. In the event of
the gauge glass breaking under pressure, the ball in the lower
arm rises to its seat and cuts off the rush of scalding water. The
sudden rush of steam will also eause the patent automatic spring
valve in the upper arm to close. The spring is made of phosphor-
bronze or of a heat-resisting steel.

When a water-gauge glass is shattered the fragments may
fly in all directions, and many men in the past have lost their
sight through injuries received in this way. The Dewrance patent
water-gauge glass protector shown in the left-hand illustration
(Fig. 46) prevents such accidents. The glass plates forming the
front and sides of the protector are toughened by their special
process, and every plate is carefully tested before assembly to
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ensure that it is strong enough to withstand the shock of a
water-gauge glass breaking under high pressure.  Considerable
advance has also been made in the method of producing water-
gauge glasses and in the design of fittings : consequently,
breakages now are reduced to a minimum. At present, when
the tendency is to employ high-pressure steam, the glass tube
is often replaced by a plate-glass water-level indicator.

False readings of the water level will be given should any
scale or obstruction be lodged in the orifices leading to the
boiler, and on this account the gauge glasses must be blown
through at regular intervals. For ordinary water-gauge fittings
this operation should be earried out in the following manner :—

. Close lower arm cock.
. Open and close blow-through cock.
. Open lower arm cock.
. Close upper arm cock.
5. Open and close blow-through cock.
6. Open upper arm cock.

- LD ==

Some boilers are fitted with test cocks in addition to the
gauge glasses, but it is the glasses that give the driver and fireman
the greatest sense of security and satisfaction, on account of the
water level being seen so readily. 5

By watching the glasses the fireman can fire according to
the rate at which the boiler is feeding, and this, coupled with
a knowledge of the gradients and stops, goes a long way towards
economical working.

The corrosive matter, or soda, ete., in the feed water gradually
deteriorates the glasses, and these should be changed before their
limit of endurance is reached. A glass that is giving out will
show signs of flaws and streaks at the upper end, and with
practice these can be detected in many cases when they appear.

Many glasses are broken through the strains set up as a result
of the use of unsuitable gland packing. To a large extent this
trouble has been overcome by the makers of the water-gauge
fittings, Fig. 46, who were the originators of the now well-known
patent hexagonal stuffing-box and hexagonal packing ring. This
type of stuffing-box is shown in the illustration.

With this design, the guide for the gland is hexagonal and
prevents any torsional strain being exerted on the glass when
screwing up.  The part that forms the guide is below the packing
and not exposed to corrosion : the gland is therefore not liable
to become slack and be forced over when serewing up and so
break the glass tube. By inserting the gland lifter under the
collar at the top of the gland, and unscrewing the gland nut,
the joint can be broken easily.

Water-gauge fittings having a round stuffing-box (right-hand
view, Fig. 46) are more efficiently packed with a packing ring.
Both the hexagonal and round packing rings manufactured by
Dewrance & Co. Ltd. have a rubber core encased in a flexible
covering of cohesive asbestos, and experience has shown that
they do not corrode the stuffing-box as do ordinary mibber rings.

The type K.B.D. reflex water gauge for locomotives (Figs. 47
and 48) is the latest standard pattern manufactured by Richard

4
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Klinger Litd., of Sideup,
Kent, and has been used on
locomotives in this and other
countries for many years.
The advantages claimed for
the reflex type glass as
against ordinary glass tubes
are that there is absolute
immunity from the danger of
broken or burst glasses, whilst
the water level is clearly vis-
ible so that no mistake can be
made as to whether the gauge
glass is full or empty, even
if the actual water level is
out of sight.

The gauge consists of a
thick glass plate mounted in a
metal body and having prism-
atic grooves on its water side.
The thickness of the glass is
such that there is no danger
whatsoever of its bursting or
blowing out even if it should
be broken accidentally by a
blow from a firing tool. The
action of the prismatic grooves
at the back of the glass is such
that light striking the glass in
way of the steam space is re-
flected back to the eye of the
observer, so that that part ap-
pears bright and silvery, while
light striking the glass in way
of the part occupied by water
passes right through to the
back of the gauge and is
absorbed by the dark metal
body, so that the water space
appears black. The gauge
fits into special stuffing-boxes
on the top and bottom cock
bodies which can be quickly
and easily disconnected from
the cocks by simply removing
two nuts at either end. The
removal of the gauge is there-
fore very quick and simple.
The design of the stuffing-
boxes is such that the gauge
is free to expand without any

restriction, and can also be turned about its axis while under
steam to face any desired direction for maximum visibility.
All the cocks in the K.B.D. type water gauge are of the Klinger
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sleeve-packed type and are kept tight by resilient packing-sleeves
of “ Klingerit ” which ecan be retightened easily during service.
When after long use they require repacking, this is a simple
and quick operation and a new packing sleeve makes the cock
equal to new again. The great advantage of this type of cock
is that it is not necessary to remove it from the boiler and return
it to the repair shops for repacking, as in the case of the old-
fashioned type of asbestos-packed cock. The fitting of a new
packing sleeve is such a simple operation that it ecan be carried
out in the running sheds in a few minutes, without having to take
the cocks off the boiler. The cock plugs are parallel and there
is no rigk of their jamming or seizing up.

In addition to the reflex water gauge described above, Klinger
water-gauge cocks for locomotives are also available with ordinary
glass tubes and protector glasses, similar in general appearance
to the standard type of asbestos-packed cocks but
fitted with patent “ sleeve-packed ™ cocks.

Injectors fixed to the front plate have now
almost entirely superseded the older-fashioned feed
pumps for locomotive purposes. Many different
types of injectors are in use, some worked entirely
by live steam direct from the dome, and others
by using exhaust steam taken from near the base
of the blast pipe, aided by a supplementary live
steam injector. -

The type of injector does not affect the prin-
ciple on which it works, the energy required to de-
liver the feed water against the boiler pressure being
obtained by velocity, momentum, and vacuum.

The velocity is obtained by the steam supply
being admitted to a properly-shaped cone or nozzle,
the diameter of which is gradually reduced so that
the steam attains a very high velocity. Having at-
tained this great speed, it is discharged into a conical
water space, called a combining tube, which sur-
rounds the steam nozzle, and the water immedi-

Fra. 49. ately condenses the steam, which by its velocity
Fixep Nozzie has already imparted sufficient force or impetus

INJECTOR. to the water and condensed steam to overcome the
boiler pressure.

The vacuum induced by the condensation of the steam is
sufficient in live-steam injectors to lift the water supply a
reasonable height, cold water being much easier to lift than
heated water on account of the condensation being more perfeet.

Fig. 49 is a descriptive diagram simplified for explanatory
purposes, and would be known as a fixed nozzle injector. § is
the steam inlet, the supply being regulated by the valve spindle V,
the valve when in position closing the orifice S. This orifice is
narrowed until the steam attains a velocity of about 1,700 ft.
per sec., or approximately 1,160 m.p.h., according to the boiler
pressure and neglecting frictional resistance. At this speed it
is admitted to the water space or combining tube W, where the
steam is condensed, and carries forward by the force of its
momentum about twelve times its own weight of water at a speed
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of about 131 ft. per sec., or nearly 90 m.p.h. The speed attained
is sufficient to carry the combined jet across the space K to the
delivery tube D, and through the back check valve C into the
boiler. If too much water is supplied to the space W, a certain
amount will strike the inlet to the tube D and fall away through
the space marked K into the overflow chamber O, to be (iiscl‘largutl
by the overflow pipe. -

The oldest form of injector is that known as the Giffard,
which was patented in July, 1858. Much difficulty was experienced
in applying the earlier injectors to locomotives, not only on
account of the trouble in starting them but by the continual
interruption of the combined steam and water j(:t caused by the
jolting of the engine when passing over points and ecrossings, ete.,
the steam and water having to be shut off every time a failure
oceurred, and the troublesome restarting rt-pvutm‘l.

The feeding of a locomotive boiler is too serious a matter
to be dependent upon an uncertain instrument, and engineers
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Fra. 50.—Gresuam & CraveN AvromaTic RESTARTING
INJECTOR,

by research and experiment gradually improved the action of
the injector, till today we have various makes that will start
wnrk_ing with absolute certainty, and automatically restart s]mnld
any interruption oceur to the combined steam and water jet.

These automatie restarting devices have been the subject
of many patents, one of the best known of which is that of
Gresham & Craven Lid.

Fig. 50 is of the vertical combination type, combining in one
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complete fitting, steam valve, back-pressure valve, stop valve,
water-regulating cock, warming cock, and all the necessary
handles. It will be seen from the illustration that one part
of the combining tube is movable, so that when the flow of the
jet is interrupted the movable portion alters its position, and
allows the pressure in the combining tube to be relieved through
the overflow. When the pressure has been relieved the steam
jet returns the movable part to its normal position, and the
injector recommences its work without any external aid.

The more modern practice is to fit the injector under the
footplate, where it will always work flooded and without having

Fra. 5l.—GreEsaam Uxper-Foorerate TyYPE INJECTOR.

to lift. Any possibility of overheating and difficult starting is
climinated thereby, and at the same time it allows feed water
at a higher temperature to be handled.

Fig. 51 shows a modern under-footplate type Gresham injector
fitted with non-return or elack valve 14 and overflow valve 9,
the latter capable of being shut off independently. The usual
cones, namely, the steam cone 16, lifting or water cone 5, sliding
combining cone 4, and delivery cone 3, are fitted. The last two
are readily removable for examination or replacement or descaling
by removal of eap 2, without the necessity of breaking a pipe joint.

The rate at which live-steam injectors will feed under normal
conditions may be taken to be generally as shown in the following
table ; these figures are based on cold feed water, but the delivery
will be reduced as the feed water temperature rises.

Size of Pipe G0 90 120 140 160 180 200 Pressure, b,
Connection. per sq. in.

1} in. : 50 670 780 840 8O0 040 1,000 Delivery, gal.
1} in. . 1,240 1,520 1,760 1,900 2,030 2,120 2,273 per hr.
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The Gresham patent hot-water combination injector (Fig. 52)
is designed to work with water at very high temperatures, and is
automatic and self-starting. This injector will work with either
hot or cold water over a large range of boiler pressure without
regulation, and is exceedingly simple in construction. The lever
on the top of the injector is connected to the sliding cone, and
the action of the injector is as follows :—

An internal steam pipe from the dome of the locomotive
conveys steam to the injector steam valve A, which, being open,
admits steam to the steam nozzle 1 by the passage B. The
steam issuing from the steam nozzle opens the two side flaps E ;
it also lifts the sliding delivery cone 4, making an aperture at I,
and passes out freely down the overflow pipe. In doing so it
creates a partial vacuum in the water pipe D, and the water
rises to the injector. The water then coming in contact with the
steam travels with it through the lifting cone 2, and in condensing
it creates a vacuum which closes the two side flaps E, thus
preventing any air entering the cones. The velocity of the steam
being now largely transferred to the water, the latter passes
from the lifting cone 2 through the combining cone 3. After
passing through this combining cone, the jet flows out of the
aperture F and down the overflow pipe C until such time as it
attains sufficient velocity to carry itself past this space, and
enter the delivery cone 4. When it reaches this point the jet is
at its maximum velocity, and is therefore sufficiently powerful
to lift the back-pressure valve and so enter the boiler. At the
same time the pressure thus created in the chamber G forces the
sliding delivery cone down on to its seat and closes the aperture I,
shutting in the water which would otherwise be boiled off when
the injector is working with water at 130° F. When the water
is below 1007 F. the injector will work dry with the aperture F
open, like an ordinary injector.  When these hot-water cones are
fitted to under-footplate type injeetors they will deal with water
at 140° F., and under favourable conditions at even higher
temperatures.

The following points require attention to ensure the efficient
working of these hot-water injectors : (1) The water cock should
always be kept shut when the injector is not working, thus
draining any leakage from the back-pressure or steam valves into
the overflow pipe, and preventing the water pipe being filled with
boiling water. (2) If the water gets too hot in the water pipe
for the injector to lift, it should be drained away by opening the
cock at the bottom of this pipe, first shutting the tender cock.
After the water is drained the tender cock can be opened, when a
fresh supply of water at a reduced temperature will flow to the
injector. (3) The lever on the top of the injector occasionally
should be worked by hand. (4) The joints of the water pipe must
be airtight. (5) The overflow pipe must be as large inside as
the branch in the injector, and if the pipe is long it should be
increased to a larger size a few feet from the injector. Care
must be taken to see that this pipe does not have its area reduced
by being flattened. (6) About one-sixteenth to one-cighth of a
turn of the steam valve is the best position for lifting ; afterwards
a further half-turn of the steam valve will be sufficient to start
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the injector feeding the boiler. (7) Should an injector begin to
work irregularly after having worked satisfactorily for some time,
often it will be found that this is caused either by sediment in
the cones or by wear.

For removing the cones, detach the clip H on the top of the
spindle K by taking out the bolt J. Unscrew the cap and draw
it off the spindle K. Lift the spindle K out of the slot L on top
of the delivery cone. Remove the delivery cone and guide
complete (4) with the special box key and hexagon M. Remove
lifting cone and steam nozzle with small end of box key in the
usunl way.

To replace the cones, fit the steam nozzle and lifting cone
in the usual way, lowering them to their positions with a piece
of stick. Serew in the delivery cone with the box key. Place

Fia. 53.—Mercanre Hor-WaATeR INJECTOR, SECTION
THROUGH NoOZzZLES AND VALVES,

the spindle K in the slot L, foree the cap over the spindle K,
and screw up the eap. Replace the clip and lever.

This type of Gresham hot-water injector is also made as an
under-footplate injector similar to the standard under-footplate
type, but embodying the special hot-water flap cones and capable
of dealing with feed water up to 135° F., or even more under
favourable conditions.

It is to be noted that the sliding delivery cone should work
freely, and it is important that the stuffing-box of the starting
lever should not be packed tightly.

The Metealfe hot-water injector has been designed specially
for hot climates where conditions are generally too severe for the
ordinary live-steam injector. It will operate successfully with
feed water at any temperature up to 140° F., with boiler pressures
up to 250 lb. per sq. in., and under these conditions it is entirely
automatic and restarting in action.

The working parts consist of a steam cone, draft tube, com-
bining cone, and delivery cone. The steam cone is of the solid

4 A
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jet type serewed into the injector body, and the combining cone
is constructed on the flap nozzle system in which the cone is split
longitudinally at its middle section for a portion of its length,
and hinged so as to swing open freely and so afford free exit for
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the water and steam. The opening of this flap ensures the prompt
starting and automatic working of the injector. It will be seen
from the drawing (Fig. 53) that two separate overflow chambers
are incorporated ; the first containing the draught tube and the
second the combining cone. An ordinary drop non-return valve
allows steam or water to escape from the first chamber into the
overflow pipe, while the exit from the second chamber is controlled
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by an automatic pressure-controlled overflow valve,  As any
system of hand-locking the overflow is too dangerous and would
require constant attention, this type of valve is a necessity in
view of the high delivery temperatures obtained with this injector.
Since the delivery temperature with feed water at 140° F. may be
as high as 260 F., a corresponding pressure will be found in the
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main overflow chamber, and a pressure-controlled overflow is,
therefore, imperative, as otherwise the jet of water would expand
and waste into the overflow. The automatic overflow valve acts
as follows :—

When the injector is working, the delivery pressure forces up
a piston which, acting through a control lever pivoted to a
fulerum on the injector casing, forees the overflow valve on to its
seat and thus seals the overflow chamber. If, therefore, the
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injector jet breaks off from any cause, the delivery pressure under
the piston is reduced and the overflow valve is allowed to open.
The exhaust-steam injector is one of the most approved types
of feed-water heaters,* and is much favoured because it possesses
the following features :

(a) Satisfactory fuel economy.

(b) Compactness, i.e., it takes up a small space and adds as
little weight as possible to the locomotive.

(¢) Simplicity of construction and reliability in working with
low maintenance and repair costs,

(d) Low initial and installation costs.

AUTOMATIC

Since the exhaust steam is condensed in the feed water, and 5
serves not only to heat the feed water but also to force it into 3
=
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the boiler, the exhaust injector serves the same purpose as a
combination of pumps, reservoirs, and spray devices. The
exhaust injector introduced by Davis & Metealfe Ltd., is
illustrated in Fig. 54. It is as simple to work as an ordinary
live-steam injector, and in practice is started merely by opening
the valve to admit live steam to the injector, the only other
manipulation necessary being the adjustment (when required)
of the water regulator in order to vary the rate of the feed to
the boiler. The admission to the injector of exhaust steam,
water, and auxiliary live steam (used only when the regulator w
is closed, and exhaust steam in consequence is not available) g
is in each case governed automatically, as also is the overflow
valve. The change over from exhaust to live-steam working,
or vice versa, when the engine regulator is closed or opened is
also automatic, and is practically instantaneous, so that the in-
jector continues to work steadily without any attention.
Reference to Fig. 54 shows exhaust steam first admitted
through a central cone where it meets the condensing water in
the form of an annular jet. The exhaust steam is condensed
and imparts its momentum to the water, and the mixture of
steam and water flows forward at a high velocity through the
second cone or ** draught tube,” as it is termed. A high vacuum
is created within this tube at the end of which a second supply
of exhaust steam is then admitted in the form of an annular
jet, thereby giving further momentum to the mixture, and this,
passing through the * vacuum tube,” enters the combining cone,
where condensation is eompleted and the energy available in the
steam used in its entirety to impart velocity to the water jet.
The latter finally passes through the divergent ** delivery cone,”
thus converting the energy available from kinetic to pressure
form, and delivers thence to the boiler. It will be noticed that
the combining cone is constructed on the flap principle, being
split longitudinally up to a point near the vacuum tube, where
the diameter is such as to facilitate the exit of water and steam.
Prompt starting and automatic working of the injector are thus
ensured, Fig. 55 shows the admission of live steam to the
underside of the water-control piston, also the section through
the water inlet valve, sieve and overflow valve and operating piston.
The temperature of the water delivered to the boiler ranges
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normally from 190° to 200° F. with a maximum value of 230° F,
The economy in fuel realised is from 8 to 12 per cent., that of the
water ranging from 10 to 12 per cent.  The injector is capable
of adjustment between 50 per cent. and the maximum feed
capacity. It will, therefore, be realised that this instrument is a
feed-water heater, which. in addition to low cost of installation,
is both compact and of light weight. The automatic features
of this injector will be more ecasily understood on reference to
Figs. 56, 57, and 58,

Fig. 56 shows the outer and inner exhaust valves, which
control the admission of exhaust steam to the injector, and also
prevent any live steam from escaping into the exhaust steam
pipe when the injector is working as a live-steam injector, and
prevent any exhaust steam entering the injector when it is not
operating. When the injector is started with the regulator open,
live steam acts on the top face of the control piston and foreces
this down on to its seat, thereby moving the crank lever and
opening the outer exhaust valve. When the injector is not
operating or the regulator is closed, pressure is removed from
above the control piston and the spring acting on the crank-
lever closes the outer exhaust valve.

Fig. 57 shows the automatic portion of the injector which
effects the automatic change over from live-steam working to
exhaust-steam working, and vice versa. A small pipe connects
chamber E to the engine steam pipe.  When the regulator is shut
and the injector working, live steam enters chamber D and,
forcing the shuttle valve on to its upper seating, passes into
chamber C, and so into the injector casing to replace the exhaust
steam, at the same time closing the inner exhaust valve.

The injector is then working as a live-steam injector. On
opening the regulator, however, steam passes from the engine
steam pipe into chamber E and forces the auxiliary check valve
on to its seat. This causes the shuttle valve to fall on to its lower
seating and thus cuts off communication between chambers D
and C, thereby eliminating the introduction of any live steam
into the injector casing. The shuttle valve, however, now being
on its lower seating allows live steam to pass from chamber D
into passage F, and so to the upper side of the exhaust steam
control piston which is forced down and opens the outer exhaust
valve. Exhaust steam then enters the injector, which then
functions as an exhaust-steam injector.

Fig. 58 shows the automatically self-closing water inlet valve.,
This is a drop valve controlled by a live-steam-operated piston
and remains closed until the injector is started. On opening the
steam valve to work the injector steam passes to the underside
of the control piston and forees it up, thus opening the water
valve and admitting water into the injector. When the steam
valve is closed the pressure from the underside of the control
piston is removed and this drops and allows the water valve to
fall on to its seat, thus shutting off the water supply.

The grease separator (see Fig. 59) is automatie in action and
needs no attention beyond cleaning at periodical intervals. A
helical vane in the inlet passage imparts a whirling motion to
the incoming steam, with the result that the heavier particles of
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grease, dirt, or water are thrown off by centrifugal action to the
wall of the separator, and blown off through the automatic drip
valve at the bottom. The purified steam then passes to the injector.

The remaining features of the injector do not ecall for special
comment. Regulation of the feed is effected by an eccentrically-
controlled sliding cone, and provision is made for a supplementary
supply of live steam to the extent of about 2} per cent. of the
feed (to reinforce the exhaust steam when feeding against boiler
pressures which are higher than it can overcome unaided). This
supplementary steam is returned in its entirety to the boiler,
without thermal loss, apart from very small losses by radiation.
Fig. 60 shows the general arrangement of the component parts
of the system, as applied to a locomotive.

Injectors should be subjected to periodical examination,
and the seale, ete., carefully removed from the nozzles and tubes.
In the ecase of one working badly or gradually deteriorating in
its efficiency, a report should be made without waiting until
it fails entirely. The causes of failure as a rule are not far to seck,
and may be looked for generally among the following :—

. Leaky suction pipes. To test for this, plug the end of the
pipe and block the overflow branch of the injector.
When steam is turned on, the leak will be indicated by
an escape of steam.

. Feed water too hot in tank. When this happens a discharge
will be observed in the overflow branch. Cooling the
water will prove whether or not this be the reason.

. Shortness of steam or choked delivery pipe.

. Presence of boiler scale or other obstruction in nozzles.

. Back check valve in injector delivery not working aright.

. Injector too hot owing to faulty steam valve or other causes,

- Wet steam eaused by foaming or priming.

- Suction pipe throttled by aceumulation of seale or dirt in
the pipes.

(5]
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When an injector starts overflowing after the engine has
been working some time, it is a sign that the cones or delivery
pipes are being choked gradually by sediment or scale. This
can be removed by soaking the parts overnight in a solution of
I part muriatic acid to 10 parts of water, and the portions
washed and wiped over before replacing. If the seale be removed
by scraping, care should be taken that the scraper does not
enlarge or damage the cones.

In view of the well-known economy of exhaust-steam feed-
heating, and the facility with which the water in the tender may
be heated with steam which otherwise would be lost or thrown
away by reason of fluctuating loads, some locomotive engineers
have adopted the use of independently-operated steam pumps
whereby the boiler may be fed whether the engine be running or
standing. This form of pump is positive in its action, and can
deal readily with feed water at temperatures largely in excess of
those suitable for most injectors.

The outstanding features of the A.C.F.I. feed-water heater
for locomotives, illustrated in Fig, 61, are that all the heat units
contained in the allotment of exhaust steam delivered to the
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heater are transferred to the feed water without loss, that there
are no small tubes to become encrusted with scale, and that
there is only one pipe under high pressure in the whole system.
The first feature is particularly desirable in cases of engines
working with short cut-off and consequent low terminal pressure ;
the second is essential when the water supplies contain lime and
other impurities in solution or suspension, and the elimination
of high-pressure pipes with their tendeney to leak at the joints is
of enormous benefit from the point of view of shed maintenance
and running costs.

The principle on which this heater works may be followed
casily with the aid of the diagram, which shows the general
arrangement of the component parts. Briefly, exhaust steam
is taken from the blast pipe 13 which, when necessary, is fitted
with a fixed diverting plate and led through a branch pipe 15
to one end of the mixing echamber or drum 12. Here this main
supply of exhaust steam is augmented by the exhaust 29 from
the feed pump (where fitted). Having passed through the oil
separator 16, the whole of the steam then enters the mixing
chamber proper.

Feed water from the tender is drawn through the cold-water
cylinder 7 of the feed pump, forced into the mixing chamber, and
delivered through a pipe 10, the upper surface of which is
perforated with a large number of small holes. The feed is foreed
upwards through these perforations and rebounds from the roof
of the drum in the form of a fine spray. This arrangement effects
a thorough mixture of the cold feed water with the exhaust
steam : the latter is consequently condensed, and the feed is
thereby raised to a high temperature. The feed water in the
mixing chamber, together with the steam it has condensed, is
subjected to the pressure of the exhaust steam, under the
influence of which it passes through a connecting pipe 17, so
arranged as to form a water seal, into the settling tank 18 and 19.
Incidentally, this chamber, for the sake of elearness, is shown on
the diagram in line with the mixing chamber, although in actual
practice the drums are almost invariably arranged side by side.
The settling tank is provided with a vent or outlet to permit of
the escape of oxygen and carbon dioxide, since these gases, when
allowed to remain in the feed, are the eauses of pitting and
corrosion in the boiler. The feed water is drawn from this
chamber and delivered by the hot-water eylinder 6 of the feed
pump through the elack box to the boiler in the usual manner.

As the cold-water eylinder of the pump has a greater capacity
than the hot-water eylinder, there is always an excess of water
in the hot-water compartment of the settling tank. This excess
flows over a baffle plate into the overflow compartment, thence
by gravity into the overflow return valve 23, and then into the
suetion vessel 26, where it mixes with the water coming from the
tender preparatory to passing again through the eycle already
described.  The overflow return valve, which is connected with

the settling tank, consists of a balanced piston having two faces
of equal arca. The lower face of the piston is in communication
with the settling tank by means of the equilibrium pipe 24, which
remains permanently filled with water. This head of water
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maintains the piston in the up or closed position. The upper
face of the piston is so connected to the overflow compartment
of the settling tank that, when the excess of water fills the
overflow pipe above a predetermined level, the piston, by its
own weight, drops, thus allowing the water to flow to the suction
vessel.

Immediately the water in the overflow pipe falls below this
predetermined level, the head of water in the equilibrium pipe
again lifts the piston to its closed position. By this means the
escape of excess water to the suction vessel is ensured without
any loss of exhaust steam, the feed water thereby I:faing heated
to a temperature corresponding with that of the engine exhaust.
An atmospheric pipe 32 is fitted to the overflow pipe, between
the overflow return valve and the suction vessel, to permit of
the escape of vapour, so that in no circumstances will the suction
of the cold-water pump be affected.

The oil separator 16 comprises a nest of Y.shaped plates, so
arranged that no direct through passage is afforded to the
steam. All oil held in suspension is thrown down as the steam
impinges on these plates and drains off through the drain pipe 27,
shown in the diagram, to the oil drain and gecurity valve 28,
It will be noted that exhaust steam pressure acts on both the
top and the bottom faces of this valve. In addition, the bottom
of the valve is subjected to the weight of the column of oil and
water in the pipe. When it reaches a predetermined height, the
valve lifts and allows the mixture to drain off to the track. The
valve automatically closes by its own weight when the oil and
water in the drain pipe falls below the predetermined height, thus
preventing any escape of exhaust steam. The valve is so designed
that., should the pump delivery to the boiler be completely
obstructed for any reason, even with the pump working at
maximum speed, it will allow the whole delivery to be drained
away to the track and thus prevent the feed water from finding
its way down the blast pipe. A small drain hole is provided
in the equilibrium pipe near the oil-drain valve : it is most
important that this drain should be kept free from all obstruction.
It will be noticed that a small quantity of steam escapes from
the drain when either the feed pump or the Westinghouse pump
is working. )

The feed pump is of the horizontal tandem type, the pistons
for the steam 5, hot water 6, and cold water 7 ecylinders
respectively being mounted on one common rod. The water
cylinders are provided with bronze bushes, the piston rings being
of vuleanite. The suction and delivery wvalves, which are of
large diameter and small lift, follow usual pump praetice.
Intercommunicating pipes, fitted with automatic control valves,
for the evacuation of vapour, connect the corresponding ends
of the hot and cold water cylinders respectively, their function
being to condense, prior to delivery, any vapour or gases
which might still remain in the hot feed. In the steam cylinder,
two valves effect the steam distribution. The main valve (of
the piston type, having heads of unequal diameter) is housed in
the steamchest above the eylinder. The secondary, or reversing
valve, is located in the eylinder cover and is operated by a
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reversing spindle working in the main piston rod, its action
being practically identical with that of a Westinghouse air pump.
These valves, together with the ports, are so designed that the
piston speed of the pump is sensibly diminished at the commence-
ment and end of each stroke, thereby eliminating shock to the
parts and minimising the risk of trouble arising in service with
the pump. The pump drain cocks are operated from the cab by
a pull rod.

A mechanical lubricator 3 for the pump is located in the
cab. Water pressure generated by the pump is transferred by
a pipe to the working plunger of the lubricator and effects the
upstroke, during which the oil is delivered, a spring actuating
the return. A lever, provided to enable the lubricator to be
worked by hand when necessary, also serves as an indicator for
the working of the pump, as it reproduces every stroke made by
the latter. The working plunger operates, through a shaft, the
three oil pistons (two delivery and one suction) located in the
reservoir.  The two feeds from these pistons are adjusted by
knurled caps above the sight glass ; by unscrewing the caps, the
feeds are increased, and vice versa. The right-hand eap adjusts
the fore feed, and the left-hand, the back ; one oil pipe delivers
to the pump steam pipe and the other to the steam cylinder
end. The lubricator is automatic in action and ceases to work
immediately the feed pump is shut off. There is, therefore, no
necessity to disturb the adjustment of the feeds once they are set.

A Zenith » steam trap 4 is provided to ensure a supply of
dry steam to the feed pump, and contains vanes on which the
steam impinges and throws off any water it may be carrying in
suspension.  This water is automatically drained off to the
permanent way. An ordinary drain cock is provided in addition
and should be used regularly (at least once daily) to discharge
the residue. A thermometer for registering the temperature of
the hot feed water is mounted in the cab, and is of the vapour
tension dial type, with eapillary tube connection to the bulb in
the settling tank. The bulb end is inserted and serewed into a
special boss 31 provided in the settling tank, and the capillary
tube is led from it to the thermometer which is situated in a
convenient position in the eab. The dial of the thermometer is
graduated in degrees Fahrenheit, and is coloured in two colours
to enable the fireman to distinguish when the injector can be
used in preference to the pump.

Before leaving the boiler and passing on to the engine, a
few words relative to the clothing or lagging will not be out of
place, although this is not fixed in position till after the boiler is
permanently sceured to the framing.

The loss of heat due to radiation would be very great if a
locomotive boiler were unclothed, much greater in fact than
in the case of stationary ones. The surfaces of stationary boilers
are protected somewhat by the settings on which they are placed,
but in the case of the locomotive such settings are not available,
and the scouring action of the cold air on the boiler plates when
in motion would produce great loss of heat, resulting in the
consumption of a large amount of coal, the heat of which would
be wasted.
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A steam pipe, 30 in. diameter. conveying steam 100 b,
pressure has been found to radiate approximately 5,000 B.Th.U.
per ft. run when uncovered.  The same pipe when covered with a
fairly efficient covering 2 in. thick radiates only 500 B.Th.U.
per ft. run. These comparative figures will show the importance
of having efficient clothing for the large amount of exposed
surface on a locomotive boiler.

Many different kinds of coverings are in use. Perhaps the
most common is asbestos applied in blocks about 1} to 2 in.
thick, and sometimes, above the level of the boiler centre line,
in the form of a thick paste which subsequently dries out but
is kept in position by the lagging plates.  One of the best-known
insulating materials for locomotives is that known as the * Limpet
asbestos mattress; there is also sprayed ° Limpet ™ asbestos.
These are products of J. W. Roberts Ltd., of Armley, Leeds.
“ Alfol ” insulating material, used to quite a considerable extent,
takes the form of very thin asbestos foil, for which the merit
of extreme lightness is claimed. The foil is kept in position by
wire netting. The illustration on p. 72 shows a locomotive
boiler lagged with this material.

The elothing plates are placed immediately over the top of
the boiler covering or lagging. They are made from mild steel
sheets usually a little under } in. in thickness, rolled to a half-
circle, and are held in position over the clothing by belts placed
where the plates join to each other and having brackets riveted
on the ends, through which a bolt about } in. diameter by 5 in.
long passes, so screwing the plates up tight, and holding them
securely in position. These belts are usually made from 14 in. by
J in. flat wrought iron, shaped to two half-circles and joined
together on a bracket resting on the boiler plates, to which they
are secured by countersunk headed serews. The depth of this
bracket gives the required distance from the boiler plates to the
underside of the elothing plates, which may be from 14 to 3 in.
according to the thickness of elothing or lagging.

The same principle is followed in clothing the firebox. Studs
made from square iron about 1} in. section are screwed into
the box sides with serew holes drilled and tapped in their outer
end. The flat irons previously mentioned are fixed to these
studs by set screws, the length of the studs defining the thickness
of the clothing.

The firebox eclothing plates, also made from sheet steel, are
rolled to suit the various forms of fircboxes, and arve held in
place by elothing belts passing through brackets secured to the
firebox sides.

The dome covering plates are made from charcoal iron or
thin sheet steel, and worked into shape at the bottom to suit
the curvature of the boiler barrel.

A strengthening plate of wrought iron, about 5 in. by { in.,
is riveted inside the top or cap, through which a stud or a
regulator lubricator cap passes and secures the cover firmly in
position,

Notwithstanding the limitations of the normal type locomotive
boiler and engine, both in regard to steaming capacity and safe
working pressures, developments are continually in progress
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which have for their ultimate object. the production of more
powerful engines than have been available hitherto.  The require-
ments of modern railway  traflic conditions, therefore, have
been conducive to considerable rescarch and  experiment, in
endeavours to evolve a locomotive which not only will be more
powerful, but also more economical in fuel cnn.::umpl-iou. By
reason of various limitations both in design and operation, the
Ewur.ull thermal efficiency of the normal type locomotive engine
is still comparatively low, thus providing ample scope for potential
improvements.  Probably these improvements will be mainly
along the lines of higher steam pressures and temperatures, the
more economical conversion of the fuel into heat energy, and
the more efficient use for tractive effort of the energy thus
obtained. ’ -
_ Developments  associated  with  locomotives  take several
different. forms. A common feature of locomotive firebox con-
struction in the United States, and to a less extent elsewhere
is the device known as the * thermic siphon.” This takes the
form of a flattened funnel-like structure connecting at its lower
end with the front water space and at the top with the crown-plate
of the firebox. It is of Y shape with a long narrow opening at
the top and a eurved smaller opening at the base. Water passes
from the bottom to the top by siphonic action as part of the
water-circulation system of the boiler, adding to the heating
surface arca at the most effeetive point, namely, within the
firebox above the firebed. Two or more siphons are built into
the firebox in this way according to the size and other character-
istics of the design. '

\\"lf('m very large firchoxes are employed, and as a CONSeqUence
the difficulty of hand-firing becomes very much inereased
mechanical stoking apparatus is often used. By means of this,
the coal, reduced in size, is fed by a rotating worm to the [irolm.'.{,
thus dispensing with the need for shovelling. This mechanism
varies considerably in design, although in general principle it
is the same. -

An interesting example of a locomotive in which steam is
employed as the motive power, but not in the usual way with
cylinders, pistons, and rods, in other words the reciprocating
type, is afforded by the turbine-driven locomotive. An vxnmplt
of this is the engine built at the Crewe works of the L.M.S.R. in
1935. The boiler for this engine is of the ordinary locomotive
type with Belpaire firebox, and a working pressure of 250 b
per sq. in. There is a main turbine for ahead running, and also
a reverse turbine, and geared transmission is used to the coupled
wheels. ) The forward turbine is of 2,000 h.p., and of the non-
condensing multistage type ; the reverse turbine is of the
|_mpulsa type. The steam supply to the two turbines is taken
first through the main regulator on the boiler, and then to other
regulators on the nozzles of the two turbines, six of which are
[imvulud for the forward and half that number for the reverse.
'llwt'm are operated from a control box in the cab. The loco-
motive is fitted with roller-bearing axleboxes throughout, and
since its introduction has done a large amount of useful 'wurk
with satisfaction and economy. It is, however, regarded more
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orless as an experimental type, and has not so far been
duplicated. The locomotive referred fo is illustrated on p. 254.

The maintenance in sound condition of the inner and outer
firebox shells of locomotive boilers is a matter of great importance.
With the normal type of locomotive boiler, any very considerable
increase of steam pressure is liable to be accompanied by excessive
maintenance costs, and the figure usually worked to nowadays
for large and powerful locomotives ranges from 225 to 250 Ib.
per sq. in.  There have been many locomotive boilers built more
or less experimentally with pressures considerably higher than
this, but except for a few constructed to withstand the pressure
of 300 or 350 lb. per sq. in. with the normal design of boiler,
they have all been of a special type, usually employing the
water-tube form of construction.

A very clever design was worked out by the late Sir Nigel
Gresley, Chief Mechanical Engineer, L.N.E.R., in conjunction
with Yarrow & Co. Ltd., in the locomotive No. 10000, which
was built in the year 1929 at the company’s works at Darlington
as a four-eylinder compound. The Yarrow-Gresley water-tube
boiler carried a pressure of 450 Ib. per sq. in. Notwithstanding
the use of high steam pressure coupled with compounding, the
engine did not prove economical in coal consumption, and, as
it was burning considerably more fuel than the L.N.E.R. standard
Pacifics, it was rebuilt in 1937 as a three-cylinder single-expansion
engine with a steam pressure of 250 Ib. per sq. in. The com-
parative particulars of the engine as originally built and as
converted are as follows :

Original Engine Rebuilt Engine
Cylinders (four) . h.p.10in. by 26in.; (Three) 20 in. by
L.p. 20 in. by 26 in. 26 in.
Coupled wheels diam. 6 ft. 8 in. 6 ft. 8 in.
Coupled wheelbase . 14 ft. 6 in. 14 ft. 6 in.
Total engine wheelbase 40 ft. 40 ft.
Boiler pressure . . 450 1b. per sq. in. 250 1b. per sq. in.
Total heating surface . 2,126 sq. ft. 3,346-5 sq. ft.
Grate area . . 3495 sq. ft. 50 sq. ft.
Weight of engine in
working order . 103 tons 12 ewt. 117 tons 17 ewt.
Weight of engine and )
tender in working : -
order . . . 166 tons 172 tons ’ L - ! 2 i . BRER
Tractive effort (85 per =
cent. b.p.) . . 41-487 1b. 35-455 1b. Fra. 62.—A Mopery Locomorive Cap axp FrrriNgs

(L.N.E.R. 4-6-2 LocomoTIve).
Hlustrations showing it as originally built and after conversion
appear on p. 493.
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TrE frame plates (Fig. 64) are usually made of mild steel, about
fr in. thick, and are of a substantial depth, shaped to suit
the number of wheels, ete., according to the design of the engine,
They are placed vertically inside the wheels the full length of
the engine, and stayed transversely the proper distance apart,
the whole forming a strong, deep framework, which carries the
engine and boiler, and is suspended through the springs from
the axles.

The large plates forming the side frames are straightened by
means of presses or hammering.  Several of them are then bolted
together and machined to the proper shape for the reception of
the horn blocks and axleboxes, ete., the necessary holes for the
bolts and rivets being mostly drilled a little under the finished
s1Z08.

After leaving the machine the frame plates are finally
straightened, and horn blocks, usually steel castings, are fitted
and secured to the plates by turned bolts or rivets (1 in. diameter),
which are made a good tight fit in the holes.

The axleboxes are then fitted into the horn blocks, which
retain the boxes in their proper position, allowing at the same
time a vertical movement. by which, in conjunction with the
springs, the vibration due to the jolting of the engine is reduced.

There are many types of axleboxes. The materials usually
employed in modern locomotive practice are cast iron and steel
bronze, and gunmetal.  When not of the non-ferrous type,
bearing brasses are fitted into the boxes, and these brasses
usually are cast with pockets for the reception of white or Babbitt
metal, which does not damage the bearings should they run
warm, and is also employed for its smooth-running qualities.

Fig. 65 illustrates an example of the latter type of driving
axlebox, which has been designed to meet the heavy traffic and
high-speed long-distance non-stop requirements on the Great
Western Railway. The box is fitted with a gunmetal bearing,
which is prepared for the reception of a whitemetal liner, and
arrangements are also provided whereby the journal may be
efficiently lubricated. A felt pad in the keep is used for
lubricating the journal, in addition to which another pad is
used for lubricating the wheel box surface and two for the horn
surfaces,

The axlebox (Fig. 66) is representative of the pattern now
fitted to modern engines on the L.M.S.R. Tt is of generous
dimensions and consists of a steel easting into which a semi-
circular gunmetal bearing is pressed and located in position by
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64.—Maix FraMmE oF A 4-6-0 Tyre LocoMoTIVE.

Fia.

set screws. Serrations
are cut longitudinally
in this brass to form
a shallow cavity J in.
deep, extending round

to within 1§ in. of

the horizontal centre-
line of the box. This
cavity is filled with
whitemetal containing
60 per cent. of tin,
forming the bearing
surface which rides on
the axle journal.
Lubrication is effec-
ted by a mechanical
lubricator situated on
the footplate of the
locomotive delivering
oil through flexible

piping to the top of

the axlebox. From
this point, the oil,
instead of being de-
livered to oil grooves
on the crown of the
box as in former prac-
tice, is now led
through suitable chan-
nels to a series of
holes practically on
the eentre-line of the
journal. The brass is
bored to a slightly
larger diameter than
the axle journal so
that when it is resting
in position there is a
wedge-shaped  clear-
ance into which the
oil is introduced and
is drawn upwards by
the rotation of the
journal and lubricates
the bearing surface
of the axlebox. This
arrangement has the
advantage that there
are no oil grooves on
the crown of the brass
to break the contin-
uity of the oil film
and reduce the effec-
tive bearing surface.
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The portions of the axlebox which slide in the horn guides
have bronze strips studded in position.  The underkeep is made
of brass and is in the form of a deep rectangular box with a flat
bottom in which rests a lubrication pad of generous proportions.
The keep is filled with oil as an auxiliary form of lubrication and
apart from the oil passing up the strands of the pad and on to the
underside of the journal, it is also able to escape through small
holes in the side of the keep and lubricate two felt pads which
butt up against the surface of the wheel boss and ensure
lubrication at this point. A 2-in. diameter pin bridges the two
legs of the axlebox at the bottom, to which is attached the
spring hanger. To avoid any possible scoring of the surface
of the guides should the pin become displaced laterally, a brass
button is let into each end.

Where axleboxes of this design are fitted to straight axles, the
keeps are made so that they can slide out and allow the
lubrication pad to be readily examined.

The bogie axlebox (Fig. 67) differs from the coupled wheel
axlebox above deseribed in taking its lubrication from the
underside of the bearing only, and this is true also of pony truck
and tender axleboxes of the same engine. No oil inlet is therefore
provided on the crown of the box, and a well-designed pad is
held up to the underside of the journal by means of a spring.
Oil is contained in the underkeep, and as in the case of the coupled
axleboxes, the wheel bosses are lubricated by means of felt pads
let into the side of the axlebox keeps and taking oil therefrom
through small diameter holes.

The driving axlebox (Fig. 68) is of bronze with anti-attrition
metal cast into serrations in the bearing, bars of bronze being
left around the oil grooves to prevent the anti-attrition metal
from spreading and interfering with the lubrication. Lubrieation
is by foreed feed from a mechanical lubricator. The load is taken
by the spring through a tee piece, which is connected to the
axlebox by a 2-in. diameter steel pin.  This pin passes through
lugs in the bottom of the axlebox and in the cast-steel keep.
This latter is further supported by two smaller pins. On the
top of the keep rests a cast-iron oil tray containing an Armstrong
oiler. The oil tray and oiler can be entirely withdrawn for
inspection on the removal of two securing bolts only. A triple-
coil worsted swab prevents dirt reaching the journal from the
inside.  Where the axlebox slides between the horn cheeks,
circular oil grooves are provided.

Fig. 69 shows a coupled axlebox for an express locomotive.
1t is a solid bronze casting with two white metal inserts, having a
single oil feed at the top and an oil pad in the keep. The bearing
surfaces have been proportioned gencrously to ensure long life
and minimum wear.

Considerable progress has been made in recent years with the
use of anti-friction bearings for locomotives and rolling stock,
and the L.M.S.R. turbine locomotive illustrated on p. 254 is
fitted with roller-bearing axleboxes throughout.

The Timken tapered roller bearings, illustrated in Figs. 70
and 71, have rollers of tapered form running on conical races.
The design is such that projections of the lines of contact between
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rollers and races meet at a common point on the bearing centre-
line.  Full line contact and true rolling of the rollers is thus
obtained.  The construction is clearly shown in the dingrams.
The bearing is mounted on the journal with a substantial
press fit ; an assembly pressure of 3 to 5 tons per in. of journal
diameter is required.  This method of assembly is simple and
safe, and reflects standard railway practice as in the fitting of

.

P

Fra. 66.—Drivixa AxteEBox For Mopery Excizes, LALS.R.
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wheels, cranks, gears, ete.  The axlebox containing the bearing
is of cast steel and is simple in construction. il lubrication is
employed, and oil is retained by a simple labyrinth type enclosure
having no wearing parts. The starting resistance of a Timken-
equipped coach or tender is about 3-5 lb. per ton weight,
compared with a figure of 16 to 25 Ib. per ton for a similar coach
or tender fitted with plain bearings.

This of course is a very important factor in the conduect of
the traflie, as much depends on the ability of the engine to master
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Fig. 71L.—TiMKEN * CaNNOoN 7 Tyer AXLEBOX ¥OR LOCOMOTIVE

DriviNg Axves,  Sivcre Tarered Rouner BEARING MOUNTED oON

kacu JourNar, HousED IN TUBULAR-TYPE AXLEBOX, EMBRACING
THE ENTIRE AXLE BeTwrEeEN Waeen Huss,
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its load in the course of a run. No journal wear takes place,
as the inner race is an immovable fit on it. This and the fact
that the journal is completely supported through 360° by the
bearing is of particular importance in locomotive driving axles,
preventing the development of wear and pounding, and so
inereasing the smoothness of operation and the life of the motion.
There is no rubbing motion in an axlebox so equipped, so that
the running temperature is rarely more than a few degrees above
the atmospherie temperature, and the bearing does not run hot.

The axlebox referred to is a reliable unit which requires
little attention and is virtually trouble-free, therefore locomotives
and rolling stock fitted with it are less prone to failure and
breakdown in service than those fitted with plain bearings.

Inspection of the axlebox oil levels is required at intervals
of six to nine months only, depending upon the type of axlebox
and service concerned.  Oil consumption is practically negligible,
amounting in a standard average axlebox to about -04 gal. per
10,000 miles run. A high-grade oil approximating to good steam
eylinder oil, and of approved quality only, is used. The life of
a Timken railway bearing varies in general from 500,000 to over
1,000,000 miles, depending upon the type of application and the
serviee operated.

The S.K.F. axlebox shown in Fig. 72 with two spherical roller
bearings is generally fitted to the outside journals of tenders and
locomotive-carrying axles. This box is in halves and the bearings
are secured to parallel journals by tapered sleeves. The split
hox permits of aceessibility to the bearings for inspection, cleaning,
and regreasing, and the sleeve mounting permits of easy removal
of the bearings from the journal for replacement, or when this
course is necessary to carry out the periodiec wheel tyre turning.
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F1a. 72.—S.K.F. ROLLER-BEARING AXLEBOX FOR
Oursine Joursavs,
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A soda-soap grease, as recommended by the bearing manu-
facturers, is used for lubrication, and one filling of grease made
by hand with the box halves removed suffices during each periodie
inspection when the bogies are lifted for the purpose of turning
the wheel tyres. The used grease is removed before replenishing.

The axlebox (Fig. 73) applied to inside journals is also of the
split type, and the bearing and sealing collars are shrunk direct
on to their respective seatings.  The box is lubricated with soda-
sonp grease as previously described.  Coupled wheel axleboxes
for high-speed locomotives are, however, sometimes oil lubricated,
but for both designs the spherieal labyrinth seals are filled with
approved grease for sealing purposes, and the efficiency of the seal
is maintained by periodie replenishment of grease to the labyrinth
clearances, which ean be done with the aid of the lubricating
nipples fitted for this purpose.
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Fra. 73.—S.K.F. RoLLer-BEARING AXLEBOX FoR
INsinE JoUrNaLS.

Removal of an inside journal bearing is seldom NEeCessary,
but, should the necessity arise, this ean be done after pl‘l"SHI'I‘lg
off the wheel. It is permissible to shrink on a new bearing to the
existing seating and the existing wheel can be pressed on, pro-
viding the pressure of the fit is within the recommended limits.
The roller bearing and sealing collars, which are shrunk on to the
axle, are heated in oil up to 1007 ¢, and 200° (. respectively, at
which temperatures these parts can be passed easily over their
respective seatings. ]

Fig. 74 shows the type of axlebox supplied by the Hoffmann
Manufacturing Co., Ltd., which is doing good service on several
main-line locomotives, and is suitable for outside bogie boxes and
for tenders. The journal load is carried by two substantial parallel
roller bearings, and the thrust load by a deep-groove ball location
bearing. The latter has an outside diameter slightly smaller than
the bore of the box, which ensures that it does not carry journal
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load. The full capacity of the bearing is thus reserved for the
thrust. A feature common to all Hoffmann boxes is that no single [k
bearing is called upon to carry a load in more than one dircetion.
For this reason the size of the bearings, and therefore the dimen- 7/
sions of the boxes, can be kept to the minimum. Lubrication is
by good quality grease.

To dismantle this box it is necessary only to remove the outer
cover, and then the locking plate on the end of the axle; and
heeause the inner race of the ball bearing is made a push fit on
the axle, the box, roller bearing outer races, with rollers and
cages, and the ball bearing all come away as an integral unit,
leaving only the roller bearing inner races and spacing collar
on the axle. These can be protected with a wrapping of canvas

or stout kraft paper when tyre turning is necessary.
The Hoffmann Manufacturing Co. also produces an inside
same as that previously described, except that there is only one

B

bogie box that has given excellent results. In essentials it is the

long inner roller-bearing race. Inspection is carried out quickly
and easily by slackening the inside clamp and sliding the whole =
box, complete with roller-bearing outer races and rollers and the
ball loeation bearing, towards the centre of the axle. In this
box only one horn surface is provided, so that thrust cannot be
imparted to the clamping ring.

Fig. 75 shows a bogie box that makes use of a bronze pad for

end location. The main features are that it can be dismantled by Fia. 74.—Ho¥FrMaNN RoOLLER-BEARING AXLEROX FOR
pulling the box from the axle, and that all races are inter- QUTSIDE JOURNALS,

changeable. This type of box is suitable for either oil or grease
lubrication. The pads are easily adjusted against the axle ends
to obtain the desired amount of end float, and it is usually
recommended that a total end movement of } in. be allowed on

the axle. The ends of the axles must be left free of markings, s % %

but these may be stamped on the diameter of the reduced portion — .,W”E '///////W//////////‘

of the axle projecting through the roller bearing. \\\///K%/gk\\\\k\ NN //://
It is an easy matter to check parallel roller bearings for wear o ‘%*} . oz
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by the use of feelers between the rollers and track, and it is
impossible to overload them by incorrect adjustment.

When assembling any anti-friction bearing, much trouble can
be saved by working the lubricating grease well into the bearings
hefore they are enclosed, observing at all times serupulous
cleanliness.

What are known as ““ needle " roller bearings are nowadays
applied to certain moving parts of a locomotive. This type of
bearing (Fig. 76) is suitable for application in locomotive valve
gear components where the presence of any play in the bearings
has an adverse effect on the valve events. The bearings consist
essentinlly of inner and outer races with small-diameter steel
“needles ™ occupying the space between. They are essentially
suitable for pins where there is a rocking rather than a rotating
motion, and the overall diameter is considerably less than would
be occupied by a ball or roller bearing, which gives an advantage
in working the bearing into the existing designs of rods. The
bearings are lubricated by grease, applied by a grease pump
with suitable nipples. Fra. 7
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of Walschaerts valve gearing (see Fig. 76). Present-day practice
15 in some cases to substitute the ball bearing for an S.K.F.
spherieal roller bearing, as the principle of mounting is the same,
The latter form of bearing is shown in Fig. 77.

The eylinder castings of modern locomotives vary considerably
as to size and shape. They are made from a good, hard, close-
grained metal.  Formerly, inside eylinders were cast in two pieces
and joined through the middle of the steamehest, but now almost
invariably they are made in one easting. Outside cylinders
being right and left hand are, of course, cast separately. Some
locomotives have three or four eylinders formed as a single easting,
but in others the inside eylinders are cast separately from the
outside ones.

After leaving the foundry, the eyvlinders are first bored out
to the required diameter, and the port faces planed for slide
valves or bored for piston valves, as the case may be. The
various flanges on the eylinders are then planed or milled, and
the steam and exhaust ports aceurately machined after being
carefully marked out from a template. The stud and bolt holes
are also drilled and tapped, the studs inserted, and the covers
fitted in position. So that no diffieculty may arise afterwards
in the erceting shop, where it is customary to place the various
parts together, the pistons, valve spindles, glands, bushes, ete.,
are usually tried in their places at this stage.

The trailing buffer beam or bottom footplate when in position
forms the foundation for that end of the engine. This plate or
beam is machined, and the necessary holes for securing it to the
framework are drilled before erection. To the underside of the
beam are fastened the brackets for the brake shaft and the
brackets for earrying the automatic or the steam brake eylinders,
cte. Passing through the centre of the beam is a cored hole for
the reception of the drawbar, which attaches the tender after the
completion of the engine.

The motion plate is made from the best cast steel, toughened
by annealing. Great strength is required, as this has to carry
the major portion of the motion work in addition to resisting
constant vibration when the engine is running. The ends of the
plate are slotted or planed to the required gauge and drilled to a
template for securing in position between the frame plates. The
facings or lugs for attaching the slide bars and valve spindle guides
are machined carefully, so that the faces can be used by the
crector in fixing the plate accurately in position, thereby ensuring
the true alignment of the slide bars with the eylinders and engine.
It iz absolutely necessary that the motion plate be fixed firmly
in its place, and for this purpose cold steel rivets about § in.
diameter are used when it is eventually secured between the
framing plates.

The frame-plate stretchers are made from mild steel about
the same thickness as the main frames. After having the
necessary angles fitted for securing them to the main frame plates,
the ends are planed to gauge and drilled in the same manner
as the motion plate. The cross bracings of the frames are
sometimes formed as castings and alternately fabricated and
welded.
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It is essential that these principal parts required for the
foundation of the locomotive should be fitted together with
absolute accuracy, otherwise the finished engine will be out of
alignment, constantly needing repairs, and always a source of
trouble through unsatisfactory running.

The height of the driving axles above the rail is determined
by the diameter of the driving wheels, and in many instances,
such as with modern passenger engines, these wheels are of
sufficient diameter to allow of the various parts being fixed in
a level position. For this type the cylinders are accordingly
placed temporarily upon wood blocks or packings and set
perfectly level. In the case of smaller driving wheels the parts
are fixed in an inclined position. The frame plates are then
secured to the eylinders by temporary bolts and levelled through-
out, with wood or other packings or jacks employed to support
their ends and middle. For purposes of erection the plates in
gsome cases are held the proper distance apart by iron tubes cut
off to the right length. These tubes are placed between the
framing plates, the temporary bolts passing inside them and
through the plates, thus tightening the whole together until the
necessary parts are fitted transversely.

To obtain true centering and alignment a straight-edge is
fixed in the driving horn cheeks to the centre height the driving
axles take up when the engine is in its working position. When
special templates are not provided, a line or cord about J in.
diameter is also passed accurately through the centre of the
eylinder to the straight-edge, and the cylinders are fixed the
proper distance from the centre of the driving axles by means
of a steel staff previously measured off from the drawing. In
addition to the straight-edge already mentioned, another long
one is fixed a little above and parallel with the first, projecting
beyond the frame plates on either side. A line similar to the one
in the eylinders is then strung the whole length of the frame
plates and level with the top of the straight-edge. This is fixed
about 2 in. from the plates so as to be clear of any projection.
By applying a square to the line with the straight-edge as a base
it is possible to see at once whether the cylinders and framing
plates are perfectly true and square with each other.

After the erector is satisfied that the cylinders are at the
proper distance from the driving axles, at the correct height,
and square with the framing both inside and out, the bolt holes
for securing the eylinders to the frame plates are opened out to
the finished size by means of a rose-bit. Turned bolts, usually
about 1 in. diameter, are then inserted, making a good sound fit,
and so securely holding cylinders and frame plates in their final
position.

After this the temporary bolts and ferrules are removed
and the bottom footplate or buffer beam placed in position and
secured to the frame plates by temporary bolts. It is possible
to throw or twist the framing out of square if this beam is
imperfectly fitted or inaccurately machined, so that it is necessary
at this stage to go over the lines and squares again.  After it has
been ascertained that the frames and beam are square and level,
the bolt holes are opened out to the finished size, and hexagon-
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headed bolts, about 1 or 1} in. diameter and a good tight fit,
finally secure the beam permanently in position.

The motion plate is placed between the framing and held
in position by temporary bolts until adjusted to the proper height
and distance from the driving axles. The height is determined
by the line which passes through the eylinders and the distance
from the driving axles, located by a steel staff measured off
from the drawing. After the plate has been fitted to the proper
height and fixed exactly square with the eylinders, the rivet
holes are opened out, and the plate is secured in position as
already described. The stretcher plates are also placed between
the frame plates and riveted in position. This practically com-
pletes the main framing or foundation for the locomotive, which
now may be considered ready for the reception of the boiler.
This is received from the boiler shop in a complete state after
having been tested to the required pressure. This test pressure

Fig. 77.—RoLLErR-BeArING ReETury CRANK.

is usually obtained by pumping water at a given temperature
into the boiler, using two pressure gauges, one of which should
have been calibrated carvefully from a standard test pressure
gauge. One and a half times the normal working pressure is
in most cases applied, and a thorough inspection of the tubes,
joints, ete., made with the pressure still on. Any sign of leak
or fault is made good, and the result of the inspection is duly
entered into books supplied for this purpose. '

For erection, the front tubeplate is secured by temporary
bolts to the back flange of the eylinder until the alignment of the
boiler is complete.  Expansion bars or brackets which have
been riveted securely to the firebox sides rest upon the framing
and form the supports for the trailing end. When under steam
the boiler will be approximately { in. longer than it was before
the application of heat. This expansion, if restrained by rigid
connections at both ends, would exert sufficient force to buckle
or twist the framework and thereby throw the journals and
engine parts out of their true alignment. The brackets are
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therefore fitted so that any longitudinal movement due to
expansion is unrestrained. After being placed in position on the
framing, the lines (which run the full length of the frame plates)
are again tried to see that the boiler is sitting squarely in its place,
and that the added weight has not disturbed the alignment of
the framing. The holes in the eylinder flange and iron tubeplate
are then opened out to the finished size, and turned bolts, about
7 in. diameter, inserted as a tight fit, thereby securing the boiler
permanently in position.

The buffer plates are made as a rule from mild steel ; the
plate to which the leading buffers are secured eventually is
about 1} in. thick. This plate is attached to the main frame
plates by strong angle irons and secured with hot rivets about
7 in. diameter. The trailing or back buffer plate is usually about
1 in. thick and is secured to the cast-iron buffer beam by bolts
and studs about 1 in. diameter. The buffer plates are fixed at
the two ends of the frame plates, and therefore represent the
full length of the framing. They are connected together by
footplate angle irons about 6 in. by 3 in. section, and these
are fitted the full length of the engine, about 1 ft. 10 in. from
the outer sides of the frame plates, according to the design
of the engine or the width of the footplate required. 'These
angles are supported at suitable distances by footplate support
brackets, which are riveted to the main frame plates. The top
footplating, made from steel sheets about § in. thick, is fitted
on the top of the angles and held in position by rivets about
{ in. diameter.

By this time various parts of the engine will be in course of
erection simultaneously and the econstruction of the smokebox
begun, as deseribed in the chapter on the boiler.

The eab (Fig. 62), which forms the shelter for the driver and
fireman, will have been brought in from the boiler shop almost
complete, with the splashers for covering the trailing wheels
attached, if large-diameter trailing wheels are employed in the
design. The eab is usually made from mild steel plates about
& in. thick, with the front plates left loose so that they can
be fitted to the firebox top and sides after the cab has been
secured by bolts and rivets upon the footplate.

The sides and top, ete., of the cab are held together by angles
about 2 in. by 2 in. section, and an angle about 1} in. by 1} in.
is fitted round the firebox and elose up to the eab front after
the front plates have been riveted finally in position. The
rounded beading which is fitted over the exposed edges of the
plates forming the cab sides, ete., is intended as a protection
to the hands and also to give the cab a finished appearance.
The windows, which are afterwards fitted into the cab front,
are made from best polished plate glass about } or § in. thick.
They are held in position by brass frames, which may be hinged
at the top or fitted upon pivots so that they can be opened for
cleaning or other purposes.

In passenger engines the splashers for encasing the coupled
wheels are usually made from plating similar to that employed
in the construction of the cab, and are held together by suitable
angle irons. They are as a rule secured in position by bolts to
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the footplate and trailing splashers, bolts also passing through
the splasher backs to the main framing. In most cases the
splashers for covering driving and leading wheels on goods engines
are made from east iron, and a good finish is obtained thereby
at a much less cost than is necessary for the larger wheels. The
cast-iron or bottom footplate, which is immediately underneath
the cab, is covered with timber, so that the driver may be at a
convenient height for manipulating the regulator, and also be
able to maintain a proper lookout through the eab windows.
The timber is covered with an iron or steel plate about # in.
thick, and holes are drilled for the pipes and rods which require
to pass through the footplate to the connections below.

The important duties performed by means of the fittings
on the footplate, as previously mentioned, make it imperative
that they should be mounted or fixed in the most accessible
positions, for ease of manipulation by driver or fireman. The
convenient manner in which they are arranged, together with
the accessibility of the whole of the fittings in the cab, will be
evident if reference be made to pp. 480-492 (Appendix).

The reversing lever bracket is usually on the top of the
splasher on the driver’s side of the cab, and the long rod attached
thereto passes through the cab front to the reversing lever. A
quadrant bracket is generally fixed on the side of the reversing
lever bracket for retaining the lever which actuates the long rod
passing through the footplate to suitable connections for the
cylinder drain cocks. On many engines it is customary to rivet
a strengthening plate about § in. thick on one or hoth sides of
the eab, to which are secured the sight-feed lubricators. The
damper handles already mentioned will be found generally on
the fireman’s side of the cab.

Cast-iron sandboxes are fitted inside the splashers or secured
by § in. or § in. diameter bolts to the main framing, footplate
support brackets, and top footplate, through which a hole about
6 in. diameter is cut. If hand sanding arrangements are fitted,
an ordinary butterfly type of valve is mostly in vogue, actuated
by rods inside the cab, and the sand is conveyed by pipes to the
rails immediately in front of the wheels. Many types of engines
have sand pipes applied at the back of the trailing coupled
wheels for use when running in the opposite direction, i.e., in
reverse,

Many modern locomotives are fitted with Gresham & Craven's
patent steam sanding arrangement (see Fig. 78). This is con-
trolled by the steam sanding cock mentioned among the front-
plate fittings, from which steam pipes are led to a sand ejector
fixed so as to be above the rails, and immediately in front of the
wheels. A small hole will be found in the bottom of the ejector
for draining any moisture that may accumulate. The principle
upon which ejectors are worked is applied to the sand ejector,
Steam is admitted to a contracted cone, so that a partial vacuum
is created, which induces a current of air in the air inlet of the
sand trap. This current lifts the sand from the trap and carries
it down the sand pipe till it comes in contact with the steam,
which then directs it under the tread of the wheel. The amount
of sand wused is varied to suit different conditions by the
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regulation of the steam sanding cock. The sand should be sieved
thoroughly before being placed in the sandboxes, otherwise
pebbles, ete., are liable to choke up the pipes and trap. A
faulty steam sanding cock iz also likely to give trouble, and for
thig reason special cocks are made to prevent, as far as possible,
any leak when the apparatus is not in use. If the cock is not
maintained in good order, trouble will be caused by steam leaking
into the pipes and becoming condensed. The moisture thus
produced retards the passage of the sand, which in time chokes
the pipes, especially in frosty weather. The air inlet to the trap
should be cleansed from time to time, and the plug, which is
fitted in the bottom, taken out, so that any grease or damp lumps
of sand that may have formed can be removed.

Facilities are provided in the apparatus to meet these different
requirements.  The patent steam sanding trap (Fig. 79), for
example, is extremely simple in construction, and a description
of its manipulation will be sufficiently indicative of its efficiency,
accessibility, and ease of operation. By giving the handle A a
quarter-turn, as indicated by the motion-line, the interior of the
trap is exposed for inspection or cleaning. At the same time, sand
is prevented from running out of the sandbox by the flat valve B,
which is fixed on spindle C, and moves with the handle A. If
it is desired to empty the sandbox, the handle A is turned in the
reverse direction.

Gresham & Craven Ltd. now manufactures and supplies the
Lambert type of wet sanding. Tn this type of application the
sand does not require to be dried, as it is applied to the rails in
a wet condition by a flush of water supplied from the boiler. In
hot, dry countries, and particularly where high winds are
encountered, this type of sanding has advantages, as the sand
cannot be blown away and adheres to the hot, dry rails and tyres
in an effective manuner.

The apparatus (Figs. 80 and 81) consists of a master water
valve with whieh the amount of water fed to the sanders can
be regulated according to requirements, and a control valve
which works the sanders according to the direction of movement,
namely, front or back. The pipes are provided with suitable
automatic drip unions to empty all pipes and connections when
not in use. The arrangements of all three fittings and sandtraps
are illustrated on the diagram of a typieal locomotive.

The sanding traps and apparatus consist of a sandbox with
suitably distributed water pipes and flushing jets fed from the
control valve, and the trap with its adjustable sleeve regulating
the sand opening. The sand normally lodges on the **step ™
of the trap, but is earried out with the water and led to the point
of application when water is turned on.

Compressed air sanding arrangements are sometimes fitted
somewhat on the lines of the steam arrangement. This type is
usually attached to locomotives fitted with the Westinghouse
hrake.

There are various arguments in favour of steam or compressed
air as against the older-fashioned hand-sanding gear. The most
important advantage gained or claimed is the certainty of
delivering the sand at the point of contact between the wheels

&

FRAMING, AXLEBOXES, AND BOGIE

. STEAM VALVE

=

Fia. 78.—ARRANGEMENT OF STEAM SANDING (iEAR
¥orR LocoMOTIVES.

Fie. 79.—SEcTioN AND PLAN OF SANDBOX
AND ATTACHMENTS,

143




144 LOCOMOTIVE MANAGEMENT

Ira. 80.—DEeraiLs or Lampert WET SANDING (EAR.

and the rails in all states of wind and weather. This does not
always obtain with the hand gear. A strong side wind, for
instance, is liable to blow the sand away from the rails, more
especially when going round a sharp curve. Tt is also pointed out
that if the engine is slipping badly and not moving forward,
the sand will fall upon the rails in front of the wheels unless
delivered where required by some positive action, such as steam
or compressed air. At the same time, it must be remembered that
a certain amount of care should be used when sanding. If the
engine is slipping badly, the regulator should be shut before
the sand is applied, otherwise there will be a sudden jerk when
the wheels begin to grip. A good driver knows that this neglect
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to close the regulator is a vicious practice and should not be
tolerated, because the violent shock passed through the driving
axles, crank-ping and motion work is always liable to cause
fractures. The damage may not show at the time, but it is quite
possible that incipient eracks may be started. and eventually
develop until a fracture occurs, causing perhaps one of those
serious breakdowns for which no apparent cause ean be found
at the time of the accident. It is also bad practice to use more
sand than is absolutely necessary, because sanded rails offer
greater resistance to the vehieles on the train than clean ones,
thereby increasing the load on the engine. Should it be required
to make an emergency stop at a signal or other obstruction,
when running down a bank, this increase of resistance due to
sanding may be used to advantage, as the sand is of material
assistance in pulling up. The hand-sanding gear under these
conditions would be found the most efficient, inasmuch as the
sand is absolutely dry, and there need be no anxiety on the
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part of the driver and fireman in frosty weather as to whether
the pipes are frozen. From the foregoing it will readily be under-
stood that violent twisting strains are sent through the axles
when the sanding arrangements fail on one side of the engine nnlv
If this occurs, the rlangvt of straining or fracturing the axles is
very great, and the driver and fireman should therefore take every
precaution to see that both sides of the engine are being sanded
equally.

The framing and boiler being ready for the axles and wheels,
it is proposed to take a brief glance at some of the methods
adopted in building the wheels, axles, tyres, and cccentries before
their delivery in the erecting shop.

The driving axle required for an outside cylinder engine is
much simpler than that for one with inside cylinders. As
previously stated, outside cylinders drive direct to the wheels,
and the driving axle is thereby modified and made from a straight
steel forging. The journals for the reception of the axleboxes
are turned smaller in diameter than the ends which form the wheel
seats, and a collar is also turned on the inside of the journal to
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limit the end play of the axle. In the case of inside cylinders,
the driving axles are made from steel and forged with two eranks,
one for each eylinder, and set at quarter centres. The cranks are
turned to the required shape and dimensions in a specially
designed lathe, which allows of their being turned to the necessary
throw, usually about 13 in., according to the stroke of the engine.
The erank checks or webs are sometimes eireular in shape, although
those that are slotted to an oval or elliptical form are the most
common. The Z ecrank axle is very common on the Continent,
where outside valve gears are very generally adopted. The
thickness of the erank webs is often restricted by the distance
between the centres of the eylinders, the width of the journals,
and the room required for the eccentries, so that in some cases
the webs are strengthened by shrinking a wrought-iron or rolled-
steel hoop over them.

Crank axles may be of two types, either solid or built up.
The solid forged crank is the more usual practice for engines
of small or medium power with two inside eylinders, and under
these conditions it gives reliable service. Where higher powers
are concerned, or in the ease of the single throw eranks used on
three-cylinder engines, increased bending and twisting stresses
are imparted to the axle, and there is a liability for flaws to
develop after a limited period of service.

Built-up erank axles were first introduced by the late Mr.
F. W. Webb, Chief Mechanical Engineer of the former London
& North-Western Railway. A typical two-throw built-up
balanced crank axle is illustrated in Fig. 82. It is of the type
used on modern L.M.S.R. locomotives, and the eylindrical
portions, which form the wheel seats and bearings, have the webs
shrunk on to them and keyed in position, to ensure that the
cranks are maintained at 90° apart. This type of erank has
the advantage that under undue or continued stress the parts
will tend to loosen rather than develop flaws, and as the different
elements can be renewed as required, the erank may be said to
have an almost indefinite life. In order to reduce weight, a
hole is sometimes drilled through the centre, the result being what
is known as a hollow axle.

The full force of the steam in the eylinders and the vibrations
due to the road are passed through the erank axle and journal.
Failures in crank axles are therefore fairly frequent, and to
obtain further security in the event of a fracture, a hole is some-
times bored through the centre of the crank journal, and a bolt
or screw about 2 in. diameter fitted through and riveted over.

The main-bearing journals are accurately turned, and may
be from 7 to 10 in. diameter and 9 to 11 in. in width, according
to the size of the engine. The body of the axle on which the
eccentrics are fixed is usually made about the same diameter as
the journals. The axle ends or wheel seats for either driving
or coupled wheels are turned slightly taper, and the wheels are
afterwards pressed into position by hydraulic pressure and
securely fastened by steel keys. The wheel centres of a modern
passenger engine are generally made in the form of a steel casting,
which is toughened by annealing. In this manner it is possible
to make the bosses for receiving the erank-pin, and the increased
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rims for counterbalancing the weight of the cranks and motion-
work, part of the casting, so that the initial cost of manufacturing
the wheels is much lower than when the old type of wrought-iron
wheel centres with separate balance weights was used. For
goods and shunting engines east-iron wheel centres made on the
lines of steel centres have been used.  The bosses for the reception
of the axle and crank-pin are bored out in the lathe, and the rim
is turned to suit the particular design of tyre to be used.

The tyre is made from one piece of best steel, rolled to the
required size and shape in specially constructed rolls, so that
there is no joining or welding. It is bored out to suit the rim
and a little smaller than the outside diameter of the wheel centre.
The tyre is then heated by gas or other means, and sufficient
expansion is obtained to admit of its being placed in the proper
position. In ecooling, contraction takes place and causes the
tyre to grip the rim of the centre firmly. For additional security
the tyre is also fastened by means of studs about 1 in. diameter,
which pass through the rim of the wheel centre between each
spoke, or, secured by rivets about £ in. diameter, through the
front flange of the tyre opposite each spoke when the rotaining-
ring principle is adopted. After the wheels have been pressed
upon the axles and keyed fast, the tyres are turned to the required
shape, and are coned on the rim to suit the angle at which the rails
are fixed. The coning of the tyre assists in keeping the engine
central with the track, thereby reducing the rocking or ** nosing *
tendency as much as possible. The tyres are also turned to the
proper width of gauge, special care being taken to see that the
wheels are all of the same diameter. This is important,
especially in coupled engines. The erank-pins are also fitted into
their respective bosses and driven home by hydraulic pressure,

When the erank-pins are finished, and the crank-axle pin turned
in the crank-pin lathe, the driving axle is ready for the eccentries.
These are made of cast iron in two parts held together by studs
about 1} in. diameter, and the nuts on the studs are secured in
position by cotters. For the forward and backward gear two
eccentries are required to each eylinder, and they are usually
of the twin pattern cast together. Their duty is to convert the
rotary motion of the driving axle into a reciprocating motion,
the amount of eccentricity giving the required travel to the
valve. The eccentrics are fixed upon the axles in advanee of the
eranks at the proper angle, which is determined by the lap and
lead of the valve, and by the design of the valve motion. It
is intended to deseribe more fully, at a later stage, the relative
positions of the eccentries and eranks,

The wheels and axles with the eceentric sheaves in position
are, when finished, taken to the erecting shop, where the axle-
boxes are fitted to the journals. The frames and boiler are
lifted bodily and lowered on to the wheels, the horn plates sliding
on to their respective axleboxes, and the spring links, which are
attached to the frames, are coupled up to the springs. These
are made from the best special spring steel, which is carefully
tested. The complete spring is tested to see that it returns to
its normal shape without taking up a permanent set after heing
weighted to well over its working load., '

ENT
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The laminated type is most generally used, although the
coiled or spiral form of spring is sometimes adopted for the
driving and trailing wheels ;: nests of volute springs are also
used on several types of engines. Laminated springs are com-
posed of a series of flat steel plates about 5 in. wide by 4 in.
thick, and vary from 10 to over 16 in number, according to the
weight they have to carry. The back plate, which may be from
3 ft. 6 in. to 4 ft. in length by § in. thick, is the longest of the
plates forming the spring, and has suitably forged ends to receive
the pins about 14 in. diameter, or the hooks of the spring links or
hangers, which permit the span of the spring to widen as the
camber varies with the shocks or inequalities that are transmitted
through the wheels and axleboxes from the road. The spring
plates, which are lipped or slotted to prevent side play, arve held
securely together by a wrought-iron buckle accurately fitted so
as to clasp the middle of the spring. A hole about § in. diameter
is usually drilled through the buckle and plates combined,
into which a pin is fitted and riveted over, to prevent end play
in the plates, or the buckle from working out of centre. The
springs are fixed above or below the axleboxes according to the
design of the engine. When they are below, a suitable fork is
forged and machined upon the buckle for the reception of a pin
about 1§ in. diameter, which connects the spring to the centre
spring link. Perhaps the most common method is to secure the
other end of this link into the bottom of the axlebox, and in this
type it is usual to suspend the springs from the bottom of the
boxes by the centre link before the wheels are fitted, so that it
only remains to couple up the ends of the springs to the links
attached to the framing as the engine is lowered on to its boxes.

The strength of a laminated spring is determined by the
number, width, and thickness of the plates; the flexibility by
the length and radius of the camber. 1t is usual to give engine-
bearing springs from 3 to 4 in. of camber unloaded, and when the
weight of the engine is upon them the camber will be 14 or 2 in.

Spiral bearing springs are about 10 in. long by 6 in. diameter
and are made from the best special spring steel of a suitable
seetion, square, rectangular, elliptical, or Timmis, about 1} in.
across the thickest part. When this type is used, exceptionally
strong hornstays are employed and recessed § in. deep to suit
the outside diameter of the springs, so as to form a guide in
place of the usual centre link already mentioned. Two of these,
with centres about 7 in. apart, are fitted to each axlebox, and
two bolts, 2 in. diameter, which pass through the hornstays, are
attached to the bottom of each box. The springs are placed over
these bolts and held up by a wrought-iron plate about 1 in. thick,
which is serewed up to give the required eompression.

Many other deviees, such as compensating or *° equalising ™’
levers conneeting the driving and trailing springs, and special
methods of suspension, may be met with, for each of which
advantages are claimed.

In past years, many railway accidents undoubtedly have been
caused by the shifting of a wheel upon its axle, and eare is taken
today to ensure the application of a suitable amount of hydraulie
pressure, when the wheels or axles are forced into position.



LOCOMOTIVE MANAGEMENT

Fi1c. 83.—Derarns or Locomorive Bocie TRUCK.

The flexibility required to
enable the engine to pass
round sharp curves is ob-
tained by supporting one end
of the engine on a bogie (Fig.
83). Any deviation from the
straight on the part of the
road is liable to set up a
certain - amount of flange
friction, which in sharp curves
would become excessive and
exceedingly  dangerous  with
the long rigid frames and
speed of the modern loco-
motive. Many devices, such
as radial axleboxes and differ-
ent types of bogie, have
therefore been designed from
time to time for enabling the
engine to pass round the
curves as easily as possible,
and to give the necessary
flexibility when passing points
and crossings, ete.

Flexibility is also of import-
ance at the trailing end of the
engine, especially where high
consecutive speeds are called
for and the curvature of the
line, length of wheelbase, and
other contingencies have to be
taken specially into account.
Trailing four-wheeled bogies
are sometimes used in this
country, but only for tank
engines, although in the
United States, locomotives
with tenders are frequently so
equipped.  Special types of
axleboxes with provision for
added freedom of movement
for the wheels and axles,
including that known as the
Cortazzi axlebox with curved
guides, are, however, used to
permit  of greater flexibility
of movement at the rear end
of the engine.

The bogie frame plates I
are made from the same
material as the main framing,
machined to templates, and
finally straightened, as
already described. Two
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steel bearing castings B, 2 ft. 9 in. long, are fixed between
the frames about 10 in. apart and equidistant from the centre
so as to guide the lower portion of the centre casting C, which
bears directly upon them. This centre casting is not fixed rigidly,
but is allowed to slide sideways, within certain limits, between
the bearers ; the bearing surfaces, about 2 ft. long by 6 in. wide
on each side, are machined, and are lubricated through holes
drilled in the upper casting. The top side of the centre is machined
or dished out for the reception of a brass friction ring about § in.
thick and 1 ft. 9 in. diameter, which is sandwiched between the
saddle plate 8 and the centre casting.

The saddle plate, usually a steel casting, is firmly secured
through flanges at each end to the main frame plates by bolts
i in. diameter, made a good driving fit. The bottom side of
the saddle plate is circular, accurately machined to form a
smooth-bearing contact with the brass friction washer, and the
spigot, which is also turned upon the bottom side of the plate, is
designed to extend downwards about 10 in. through the friction
washer into the hole bored for its reception in the centre casting,
thus forming the centre about which the bogie swivels when in
position.  Any upward movement of the engine is checked by a
strong bogie centre pin P, which is fixed through the saddle plate
and continues downward through the bogie centre easting,
sometimes holding in position a eircular wrought-iron plate secured
upon the pin a little below the bearers with a nut and steel cotter.
The amount of side play allowed for the centre casting varies in
different engines from as little as § in. at each side in some to as
much as 1} in. in others. This side play may be controlled by
laminated or by spiral bogie check springs about 94 in. in length
by 5 in. diameter. Horn plates H of cast steel are secured to the
frame plates by § in. diameter cold steel rivets. The rigidity of
the bogie is ensured by two round stays T.

The axleboxes are made of brass with cast-iron keeps, into
which a small oil-box is fixed, so that the packing underneath
can be lubricated in addition to the top feeds.

COUPLING OR SIDE RODS

Assuming the engine to be a coupled one, as nowadays is
always the case, the coupling rods will require to be placed upon
the erank-pins, which are fitted into the wheels for this purpose.

The coupling rods are necessary so that the adhesion required
in using the tractive effort of the engine may be distributed or
divided between the four, six, eight, or ten wheels, as the case
may be.

The effort exerted by a locomotive in moving a given load
is known as the tractive force, or effort, and the conversion of
this into motion is immediately dependent on the adhesion or
friction of the wheels upon the rails, which in turn is governed
by the weight of the engine and climatic conditions, as well as
by the character of the rails and tyres. The effort exerted in
moving most modern heavy trains is so great that the necessary
adhesion could not be obtained through a single pair of drivers
without a considerable amount of slip, which would soon destroy
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the tyres and rails ; hence the advantage of dividing the requisite
adhesion between a number of wheels by coupling them up.
Before dealing with the subject of the rods themselves, it may
be opportune at this stage to refer to the method of caleulating
the tractive effort of a locomotive. A simple formula serves for
this purpose. Thus :
D* X8 xP
—
where D=diameter of cylinder,
S=piston stroke,
P=boiler pressure,
and W=diameter of driving wheel in inches.

An example of a two-eylinder single-expansion locomotive
having 20 in. by 26 in. eylinders, boiler pressure 200 Ib. per sq. in.,
and 6 ft. 9 in. coupled wheels (expressed in inches), is :

20 3 20 % 26 3¢ 200
81 =

It is usual, however, to calculate the tractive effort at 85 per
cent. of the boiler pressure, which in this case brings the figure
to 21,827 lb.

Many sudden and varying stresses are set up in the coupling
rods by the slipping of the wheels, inertia, sanding, and side
bending due to the curvature of the road. They are usually
made of ordinary mild steel and machined to the required shape,
which may be either rectangular or a fluted H section. The
older types of rod-ends are usually fitted with gibs and cotters,
or cotter and block, so that the length of the rod can be adjusted
with the brasses without altering the forged part of the rod, and
the wear taken up by closing the joints of the brasses, which are
made in halves. In taking up the wear, however, the centres
of the rods are altered unless special care is taken, so that for this
and various other reasons, it is now almost universal practice
to make a plain bored end suitably bushed to obtain smooth
running.  Where exceptional power and speed are required in
conjunction with minimum weight, special alloy steels are now
employed for the purpose, and the rods in question are made of
Vibrae steel, which is an alloy containing nickel, chromium, and
molybdenum, and which has high tensile strength, enabling the
cross-section and rod-ends to be reduced in area and the rod
as a whole made light in weight.

The rods (Fig. 84), which are for a six-coupled engine, are in
two sections hinged behind the intermediate crank-pin in order
to allow for the rise and fall of the wheels in passing over the
track. The erank-pins work in bronze bushes, which are lined with
whitemetal, and these are pressed in from the inside, and brass
oiling rings are fitted to the outside, so that the steel rod itself
is prevented from rubbing against either the crank-pin cap or
connecting rod big end as the case may be.

Lubrication is supplied from oil-boxes formed in the material
of the rod itself. As the coupling rod revolves, the oil is thrown
upwards inside the oil-box and passes down into the oil-hole

25,679 1b.
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through a fluted plug at the entrance, which restriets the quantity
of oil which ean pass. A felt pad oceupies the groove in the
brass at the bottom of the oil-hole, and this rubs on the surface
of the erank-pin, thus lubricating it. An advantage of the use
of felt pads in this connection is that any small particles of grit
which may enter the oil-box with the oil cannot pass through
the felt on to the surface of the erank-pin with the possibility of
consequent scoring.  The coupling rods are held in position on
the erank-pins in different ways according to their position. On
the leading erank-pins the rods are seeured by a dished washer

hid
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Fii. 84.—Dgrarns or Covrnise Rops oy 4-6-2 Type
Exrress Excing, LM.S.R.

let into the end of the erank-pin, so as to provide sufficient clear-
ance for the connecting rod which is moving in an adjacent plane.
The washer is held by a bolt of high tensile steel passing right
through the length of the erank-pin.  On the intermediate
coupling wheels, the big end of the connecting rod works on a
continuation of the crank-pin, and the eye of the coupling rod
comes between this and the wheel boss. On the trailing wheels,
the rods are secured by means of a washer, which is serewed on
to a projection of the erank-pin and pinned in position. The
rods shown in Fig. 84 are those employed on the L.M.S.R. for
modern express engines.

The coupling rod shown in Fig. 85 is for a Southern Railway
4-6-0 type four-cylinder express locomotive, The rod iz of
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Vibrac steel. It will be noted that the rod is of rectangular
cross-section.  Gummetal bushes lined with whitemetal are
pressed into place in the rod, the load required being 10 tons in
the ease of each of the end bushes, and 12 tons for the bush of
larger diameter on the middle pair of wheels. No key or other
fixing is provided, but a groove is eut on the outer circumference
of the bush from which oil holes radiate, so that in the event of
the bush moving in the rod, the supply of oil, which normally
enters through the hole at the top of the bush, is not cut off.
The knuckle-joint has a case-hardened steel pin, and the portion
of the rod between the jaws is provided with a bush of hard
carbon steel held in position by a rectangular key. The joint is
lubricated by a siphon cup formed in the rod. The pin is held
from turning by means of a flat formed on one side of the head
where it is recessed into the rod.

For a four-coupled engine a single rod on each side is a satis-
factory coupling for the wheels, but the long rods, which are
needed for six or eight or more wheels, if made in one length,
would be rigid and liable to be bent or broken as the wheels
followed the irregularities of the road, so that a joint in the rods
becomes a necessity for giving the required vertical flexibility.
The rods are made to suit the length of the wheelbase, which in
a modern six-wheeled coupled goods engine may be anything
up to about 8 ft. 2 in. leading and 9 ft. trailing, and the joint is
placed between the longest centre immediately behind the boss
which is attached to the driving crank-pin. A fork is formed
at one end of the longest or trailing rod, which is suitably
machined, and connected to the eye in the end of the leading rod
by a strong coupling pin about 3 in. diameter. The whole of
the work done by the coupling rods is transmitted through the
driving erank-pins, and they are accordingly made the strongest,
about 6} in. diameter, with the leading and trailing pins 4} in.
diameter. The rod ends are suitably bored for the reception of
the driving and the leading and trailing bushes. These bushes
are usually made of brass or phosphor-bronze, with whitemetal
strips let into the wearing surfaces, so as to ensure a good, smooth,
working contact. They are turned with a flange about # in.
thick, which takes the side wear on the inside, and project slightly
through the rod on the outside, so as to form the side bearing
surface against the erank-pin washers. Different methods are
adopted to prevent the bushes turning. A keyway is usually
slotted in the eye of the rod, and a key fitted, so as to engage with
a keyway in the bush. Additional security is obtained by
inserting a § in. dianmeter serew through the bottom of the rod
and into the bush. No part of the rod-end comes into contact
with any wearing surface, and the whole of the wear is taken up
by the bushes, which can be renewed as required.

The rod (Fig. 86) is of a solid rectangular section. In this
type. the knuckle-joint is fitted with a phosphor-bronze bush,
and the pin is held in position by a washer and bolt, which passes
through the centre of the pin.

The surfaces of the driving and other bearings are entirely
covered with whitemetal, which is held in place by ring bushes
with a coarse V-thread of six threads per inch,
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be—5 p—— The bush of the knuckle joint is divided by a spherical surface.
- 1t is made in three pieces. The inner ring which works on the

&
1 ,\\\\.\\\\\.‘\5:\\“\\"\‘\6;\: pin is solid. Its outer surface is splu-ri‘cul. The outer ring .is in
i %/’ﬁ/’///g%\’\: =x i halves, tongued together, as shown. The three picces are fitted
b ’,/‘:"””"'V”/””l together and pressed in and secured by the serewed dowel.
il I The clearance allowed in each knuckle joint is i in. on each
I side.
L A coupling rod, as used on an Atlantic or 4-4-2 type of engine,

is shown in Fig. 87. The flanges on the inner side of the phosphor-
bronze bushes arve clearly shown, and the washer whereby the

rod is retained on the driving pins is also shown in position.
These flanged bushes are prevented from turning in the rod-end
by keys, which are formed with dowel bosses § in. diameter for
: fitting into bored recesses, as shown.
= The coupling rods of L.N.E.R. express engines, of which the
= o A4 Class is illustrated in Fig. 88, are of nickel chrome steel, of
S 4 which the greater strength allows a lighter section to be used than

"?'_ would be possible with a carbon steel rod for a similar duty.

g The leading rod extends to the rear of the driving erank-pin, to

o form a knuckle joint to the trailing rod.

& Lubrication of the knuckle joint is by oil through a securing
frg = set-serew direct to the bush. The leading bush is pressed in
b @ from the outside face of the rod, and the driving bush from the

s inside face. Both are keyed, to prevent them rotating in the rod,

- and are further secured by set-screws at the bottom. The trailing
Il 3 bush is pressed in from the inside face and keyed. The outer

) © end of this bush is screwed externally to take a bronze dust cap,
f-q = which is locked in position. All the bushes are of bronze with
LT : pockets into which whitvn.u'.‘lul is cast. White sole felt pads

i retain the lubricant, and oil is supplied through a pin trimming

-+ from oil wells in the rods.
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CHAPTER 8

DESCRIPTION AND ERECTION OF ENGINE

AN cccentric is a crank in which the diameter of the erank-pin
is sufficiently large to enclose the shaft. It is therefore not
necessary to gap the shaft, as eccentrics are not suitable for
g, but have to be driven. They will not transform recipro-
cating into rotary motion, but only rotary into reciproeating.

The motion of the cecentrie is transmitted to the valve gear
by means of a metal ring, which is known as the eccentric st rap.
The eccentric sheaves A (Fig. 91) are secured to the axle by
serews and keys, and revolve inside the strap B, which is prevented
from turning by the eccentrie rod R, and a reciprocating movement
is obtained.

Eeccentrie straps are usually made of wrought iron or mild
steel. The oil eup is at L : a suitable facing F is formed on one
half of the strap for the attachment of the eccentrie rod. The

XPRESS LoOCOMOTIVE BEING LOWERED ON TO THE

e
2 four straps, R H forward, R H backward, L H forward, L. H
= backward, are placed upon the eccentrie sheaves, with the two

halves held together by bolts about | I in. diameter.

Studs N, about the same diameter, are inserted in the strap
facing, to which the eccentric rods are eventually attached : nuts
and lock nuts securely pinned by § in. split pins, or small cotters,
connect the rods firmly to the straps. The eccentric rods are
forged with a tee or flat end to suit the facing on the strap, and
forked at the other end for attachment to the slotted expansion
link 15, which is used for reversing the direction of the engine and
for varying the amount of steam admitted to the eylinder.

A wvariety of link motions exist. The Stephenson or shifting
link motion (Fig. 91) was the pioneer, which superseded  the
old-fashioned ** gab " eccentric rod for reversing purposes.  In
this link motion, the reversing of the engine, and the variation
of the point of cut-off, are accomplished by the raising or lowering
of the slotted link.

Radial valve gears, which obtain their motion without the
use of eccentries, have also been designed. That known as
Joy’s valve gear (Fig. 92) was for many years employed on
several different classes of engines in this country, and even
now quite a considerable number of engines of the older types
thus equipped are in service. By dispensing with the eccentries,
space is provided for a substantial inerease of strength in the
crank webs and width of driving axle journals for inside eylinder
engines.  Other advantages are reduction of the number of
working parts, economy of construction, constant valve lead,
and efficiency of steam distribution.

The necessary reciprocating movement is obtained from
the conneeting rod C, which is of special proportions for attaching
and sustaining the weight of the motion-work.
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Fic. 91,—SrepHENsoN Lixg-Moriox VaLve GEAR.

At a point nearest to the
small end of the rod. about
one-third of the distance
between the centres, a hole
0, about 3 in. diameter, is
bored, and bushed with
phosphor-bronze, to which
is attached the stirrup or
connecting link S.

The stirrup link is con-
nected at its other end to
the anchor link A, which
is anchored to a fixed point
upon the motion plate M.

At K in the stirrup link,
are connected the swing
links L, the top ends of
which are attached to the
valve rod V.

The swing links are bored
at an intermediate point P,
and a pin is fitted so that
its projecting ends carry
the phosphor-bronze slipper
blocks, which work in
curved guides G inserted
and secured into the rock-
ing or reversing shaft R.
This shaft is a steel casting
toughened by annealing,
with journals turned at
cach end about 5 in.
diameter, which are fitted
into  suitable  cast-iron
bracket supports bolted to
each frame by bolts about
7 or 1 in. diameter. The
recesses cast in the re-
versing shaft are slotted
out and mild-steel slipper
block shoes fitted.

The faces of the shoes are
case-hardencd, and special
arrangements are made in
the slipper blocks for lubri-
cating the rubbing surfaces.
The whole of the motion-
work is forged from mild
steel, and the bored holes
fitted with phosphor-bronze
bushes. The pins for con-
necting the links are usually
about 2 in. diameter, case-
hardened and burnished.
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When wear takes place, the bushes can be renewed and new
pins fitted, so that the motion-work is practically as good as
when new.

I'rom the foregoing it will be evident that the valve derives
its motion from the connecting rod at O, and sinee the rod has
a circular movement at the erank end, and a straight movement
from the slides at the other, the path deseribed by the point O
will take the form of an elongated ellipse. This elliptical
movement is transmitted through the stirrup link to the swing
links, and terminates in a vertical oval movement at the end
of the valve rod. The defleetion of this elliptical movement
from the vertical is effected by changing the position of the
curved guides in the reversing shaft, so that the point of cut-off
is altered or the running of the engine reversed. The oval path
taken by the end of the valve rod transmits an irregular movement
to the wvalve, as the top and bottom curves of the oval are
traversed at such a time that the speed of the valve is aceelerated
in opening and closing. The broad sides of the oval are therefore
traversed with the valve at its fullest opening, and the corre-
spondingly slower movement of the valve at this period of its
travel gives an almost theoretically perfeet distribution of the
steam in the eylinder.

Referring again to the various link motions, it may be said
that each has its own characteristics and methods of conneeting
up. The Stephenson motion (Fig. 91) has a strong plate IJ in
which a curved slot S is cut at a radius equal to the distance
from its centre to the centre line of the driving axle. The slot
is machined aceurately, and a forged block, sometimes called the
expansion link or the gquadrant block, is fitted so as to be a good
sliding fit. To prevent wear, the rubbing faces of the block
and link are case-hardened, and a hollow or other provision
made in the top of the block for lubricating purposes.  The block
is conneeted either direetly to the valve rod as shown, or indirectly,
according to the design of the engine. Pinholes are bored at
the top and bottom of the expansion link, to which are connected
the forked ends of the eccentrie rods. The forward-gear rod is
usually attached to the top, and the back-gear rod to the bottom.
A dise or bracket D iz secured firmly to the expansion link by
good fitting rivets, which are riveted cold.  Attached to this
dise are the suspension links L1, which are suspended from the
lever on the reversing shaft V. The weight of the expansion
and suspension links iz counterpoised by the balance weight W
secured on the lever L2, which is keyed or forged on the reversing
shaft. The expansion link is raised or lowered by the lever L3,
and this in turn is controlled by the lever L4, to which is attached
a long rod, which passes cither under the axle or over the driving
splasher to the reversing lever or serew placed in the eab. The
whole of the link motion is fitted together in the machine shop
before it is erected. The various pins, which are about 1§ in.
diameter, are pegged or keyed in position to prevent them from
working out, and all wearing surfaces ease-hardened and polished.

It will be seen that when the expansion link is lowered, the
valve travel will be controlled almost entirely by the top rod,
and will work according to the setting of the eccentrie connected
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to it. When the link is lifted, the bottom eccentrie rod controls
the movement of the valve in the same manner, so that, as
the two eceentries are set for running the engine in opposite
directions, the one will run the engine forwards and the other
backwards. With the expansion link lifted to its middle position,
the valve would have its minimum amount of travel, owing to
each eceentric having equal control. It follows, therefore, that,
as the link is lifted or lowered from this position, the point of cut-
off is altered, and the period of admission gradually increased
till the maximum travel of the valve is reached.

The Walschaerts valve gear (Fig. 93) was invented and patented
by a young Belgian engineer named Walschaerts in the latter
part of the year 1844, It is almost universal in Continental loco-
motive practice, and is very largely used in this country. In
America, it has practically superseded the Stephenson  link
motion. Tts first application on a British railway was to a 0-4-4
side-tank engine, built in 1878, and subsequently placed in serviee
on the Swindon, Marlborough & Andover Railway.

Several important advantages are claimed for the Walschaerts
valve gear, not only for its extreme adaptability for eylinders
with steamchests above or below, without necessity for the
intervention of a rocker, but also for its accessibility for inspec-
tion, lubrication, repairs, or cleaning, when used in conjunction
with outside cylinders.

The reduection in the number of eccentrics required for inside
eylinder engines, or their total abolition when outside cylinders
are adopted, greatly reduces the engine losses due to friction,
with a corresponding decrease in the risks of failure, and upkeep
costs.

The Walschaerts valve gear consists essentially of two elements.
The first is the motion derived from the erosshead by means
of the erosshead arm anchor link and combination lever. This is
so proportioned that the movement of the crosshead from one
end of the piston stroke to the other will move the valve spindle
by a distance equal to twice the lap plus the lead of the valve,
and this remains constant for all positions of the cut-off. The
second, or expansion, element of the gear is derived from a return
crank or, in the case of inside cylinder engines, a single cccentric
on the driving axle. The pin of this return crank is set to revolve
about the centre line of the axle at a definite radius, and its motion
is transmitted along the eccentric rod to the bottom end of the
eurved expansion link, which is held at its centre in trunnions
fixed to the framing of the engine. The rod, known as the valve
rod, joins the top pin of the combination lever to a die bloek,
which slides up and down the expansion link, with its vertical
position controlled by the reversing arm. It will be appreciated
from reference to the drawing (Fig. 93) that, if the reversing rod
arm lifts the valve rod so that the centre of the sliding die bloek
coinecides with the centre of the trunnions about which the expan-
sion link oscillates, no movement due to the return crank will
be passed forward to the valve spindle, and this represents the
position when the engine is in mid-gear.  As the die block is
lowered or raised in the link, according to the direction in
which the engine is travelling, an increasing amount of travel is
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transmitted to the valve spindle over and above that derived from
the crosshead, and it is the variation in travel obtained in this
way which controls the point at which the steam is cut off.
Early cut-off oceurs when the die block is nearer the centre of
the expansion link, and maximum cut-off occurs when the die
block has been dropped to its lowest position in the link.
Locomotives with three or four eylinders can be fitted either
with a separate valve motion to each ecylinder, or two sets of
motion only ean be used and connecting mechanism employed
for actuating the valves of the other eylinder or eylinders. This
mechanism is located either in front of or behind the eylinders.
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Fro, 94.—Tne GresLey VALVE GEAR IN PLaN,

In the Gresley valve gear, which has been applied to a large
number of three-cylinder locomotives, the valve of the middle
eylinder derives its motion from extensions on the outside cylinder
valve spindles, and consists of two levers. The short or ** equal ™
lever is attached to extensions on the middle and left-hand valve
spindles, and is thus a floating lever. The long lever is pivoted
to a fixed point, so that its arms are in the ratio of 2 to 1. The
long end is joined to the right-hand spindle extension, and
the short end to the centre of the floating ** equal "' lever. The
combined action of the levers imparts to the centre valve a motion
of 120 degrees out of phase with the outside valves, and of the
same magnitude.

Fig. 94 shows the arrangement applied to a three-cylinder
engine with the gear in front of the cylinders. Where circum-
stances permit, the levers may, as already indicated, be fitted
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behind the eylinders, in which case the expansion of the valve
spindle of the outside eylinders has no effect on the middle valve.

In addition to the Gresley gear there are other arrangements
used for four-cylinder engines on the Great Western and London
Midland & Scottish railways. On the former, the transference
of motion is effected from the inside to the outside, and the valve

CUT-0FF
INDICATOR

Fii. 95.—Screw ReversinG Gear or L.N.E.R. 4-6-2 ExXrress
LocoMoTIvE.

gear is driven from the axle of the centre pair of coupled wheels.
In the other, the reverse is the case, and the Walschaerts
motion is applied direct to the outside ecylinders, the wvalve
spindles of the inside eylinders taking their motion from those
outside.

The screw reversing gear illustrated by Fig. 95 is that of an
L.N.E.R. express locomotive of the 4-6-2 type. It is located
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on the left-hand side of the cab, and consists of a vertical steel
serew and a long bronze nut, which can be rotated by a handle.
The thrust of the serew is taken in either direction by ball races,
and the nut is free to swing in trunnions, to accommodate itself
to the movement of a bell-erank, to which the lower end of the
serew is connected.  This erank is supported by two bearings
in a heavy steel casting secured to the main frames, and its vertical
arm is connected directly to the rear end of the long reversing
rod. The forward end of this rod is attached to an arm on the
reversing shaft. 1t is joined, slightly ahead of the hoiler throat
plate, by a forked joint with three bolts in double shear.

The reversing shaft is provided with a spiral spring, adjustable
for tension, to balance the weight of the parts which must be
lifted to reverse the engine. It is fitted with a vacuum-operated
clutch.  The clutch straps are Ferodo lined, and actuated by a
vacuum eylinder through toggle levers.  On the reversing quadrant,
is a spring-londed catch, which can be made to engage with a
locking ring on the nut. At the same time, a link from this cateh
operates a cock, to conneet the eluteh eylinder to the vacuum
chamber pipe.

A cut-off indicator is arranged on the cleading plate at the
back of the boiler, and a pointer coupled to the reversing serew
moves over a vertical graduated scale.

For reversing the engine, or altering the point of cut-off,
the different valve motions and gears deseribed are connected
by a rod to the reversing lever on the footplate. In this manner,
the driver is able to control the movements of the valves in
accordance with the work the engine is performing. Many
types of reversing gear are in use. Perhaps the most common
is the simple hand lever, with trigger and notched sector,
whereby the lever is retained in the different positions required
for admitting a proper supply of steam to the cylinders, or for
running the engine in a forward or backward direction.

The steam and ecataract reversing gear, illustrated in Fig. 96,
is fitted to the large 0-8-4 three-cylinder (simple) shunting engines
on the L.LN.E.R. (Great Central Section).

This gear is operated by means of the ordinary hand lever
and notched sector, in such a manner that the engine may be
reversed rapidly, or the point of eut-off altered, with a minimum
of manual labour on the part of the driver.

The steam and cataract eylinders are bolted to the main
frame, and the steam for actuating the gear is obtained from
the boiler through the valve A, which is provided with a lubricator,
as shown.

Both the steam and water eylinder valves have a rotary move-
ment, and are direetly connected by rods, as is also the reversing
lever, to an arm centred on the crosshead. Any movement of
the reversing lever will therefore rotate the valve in the steam
cylinder, thereby opening one end to steam and the other to
exhaust.  Simultancously the water valve of the cataract eylinder
is opened and allows water to pass from one side of the piston
to the other, thus releasing the gear, which is moved in accordance
with the position of the reversing lever. The movement of the
piston rod is transmitted to the bell-crank levers shown, and
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the links are raised or lowered accordingly. When the reversing
lever has been moved and locked by the trigger in the noteh on
the sector, a new fixed centre is given to the crosshead arm,
which, however, is returned to its normal vertical position by
the movement of the piston rod. This again closes the valves and
locks the gear in the required position. To charge the cataract
eylinder with water, the steam valve A on the firehox is closed,
and the cocks B B below the eylinder, and air cock D on the
water valve opened. By moving the reversing lever in both
directions, the water valve is opened to each end of the eylinder,
until the apparatus is charged thoroughly as denoted by the
appearance of water through the air cock D. The cocks B B D
are then closed, and the steam cock A opened.

The water supply is obtained from the tank through the
cock C, which is always open when the engine is at work, and the
cock E is provided for draining the apparatus for inspection
Or Tepairs.

The power reversing gear (Fig. 97) has been fitted to several
locomotives on the L.N.E.R. (Great Eastern Section). The
necessary power is supplied by the Westinghouse brake pump
without in any way interfering with its more important work,
viz., that of creating the power for operating the continuous
automatic brake.

A locomotive fitted with this gear can be reversed in the
usual way by means of the hand wheel A, or it can be reversed
by ecompressed air gear, operated by the handle B.

Either of these methods ecan be utilised at will, as the act
of using one system of reversing automatically renders the other
system inoperative.

The reversing shaft C is connected to the reversing rod D
by the arm E, and to the piston rod F by the arm G. A guide H
ig provided for the end of the piston rod.

To operate the gear by hand in the usual way, the wheel A and
the serew I are rotated ; the half-nut J, and with it the reversing
rod D and the arm E, are moved one way or the other, and the
air (compressed or otherwise) in the cylinder K is displaced
through the valve L in a manner to be described.

To operate the gear by power, the handle B is moved one way
or the other, according to whether the engine is required to be
put in forward or back gear.

Whichever way the handle is moved, the cam M attached
to it lifts the half-nut J out of gear with the serew 1. At the
same time, the arm N, which is also attached to the handle B
by the shaft O, causes the valve L to rotate, thereby opening
one end of the reversing eylinder K to pressure and the other end
to exhaust. It should be noted that the halfnut J is quite clear
of the serew 1 before this opening of the eylinder K to pressure
and exhaust takes place.

In the running position, both ends of the eylinder K are in
communication with the main air reservoir I’ through the valve
L, as the piston rod F is made of such a diameter that the reduced
piston area reduces the pressure on the piston rod side of the
piston, and balances the weight of the motion hanging on the
lifting link Q.
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The valve L rotates on a seating with two ports, R and S.
The port R is in communication with the front end of the
eylinder K, and the port 8 with the back end of the eylinder.
The exhaust ports T and U are cut in the valve L. Both
communicate with the atmosphere through the hole V in the
spindle of the valve L. The pressure ports W and X are cuf
through the valve L.

Two holes Y and Z are cut right through the valve L, and
when gear is in running position (as illustrated) place both ends
of the eylinder K in eommunication with each other through
the ports R and S, and with the air reservoir P through the
pipe @ which enters the body of the casting b at the back of the
valve L, viz., on the opposite side of the valve L to the ports
R and S.

The air reservoir P is divided into two parts, ¢ and d, which
communieate with each other through the non-return valve e.

Air is supplied from the Westinghouse brake pump through
the pipe f to part ¢ of the reservoir, then through the valve ¢
to part d. The brakes are in communication with the pipe g.
Consequently, they can draw air from both part d and part ¢
through the non-return valve. A considerable quantity of air
is required to release the brakes, ete., on a long train.  Air for use
with the reversing gear is drawn from part ¢ only. The valve e
prevents any air being taken from the side d for this purpose :
and all chance of a reduction of air pressure in the reversing
gear and brake section (¢) of the main air reservoir bringing about
an unintentional operation of the brakes is thus eliminated.

The stopeock k shuts off air from the reversing gear altogether,
should it be at any time necessary to do so.

To prevent the possibilities of the half nut J jumping the
serew 1, a locking gear is provided. The pawl i engages the
lever j, which is loose on the shaft O and connected to the pin k
by the link [.

When the handle B is moved either way, it rotates slightly
on the pin m before moving the eam M, and lifts link 7 by means
of one of the pins o or p, according to the way in which handle B is
moved. The link n, in its turn, rotates bell-crank lever g, and,
by means of the link r, throws pawl i out of gear.

The method of connecting the link-motion to the valve spindle
is determined by the size and shape of the eylinders.

Inside cylinders up to a certain diameter are usually designed
with the steamchest between them ; but with the demand for more
powerful engines, and the consequent inerease in the diameters
of the eylinders, it became increasingly difficult to arrange the
steamchest in the restricted space between the frames, and
the steamchest was therefore placed either above or below the
cylinders, and the valve connections altered accordingly.

Outside eylinders are not affected by the limited room between
the frames, as they are fixed on the outside of the frame plates,
with the steamchests either projecting through the frames to
the inside, or on the top of the eylinders.

When placed above or below the eylinders, the valve faces
are often inelined in such a manner that it is possible to conneet
the valve spindle or rod directly to the block in the expansion
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link. Assuming that the
steamchest is on the top of
the eylinder, and that the
valve facing is parallel to
the centre of the engine,
an indirect motion, in the
form of a rocking shaft
arrangement.  attached to
suitable brackets on the
motion plate, is necessary,
as in Fig. 98. The bottom
arms A' of the rocking
shaft S are connected by
drag links L to the block
in the expansion link. and
the top arms B! are con-
nected by intermediate
valve rods R to a small
crosshead C on the valve
spindle V. This spindle
passes through the gland
and stuffing-box into the
steamchest, and for the
ordinary slide valve is
shaped in such a manner
that it embraces the valve
in the form of a strap or
buckle B® The buckle is
not secured to the valve,
but is made a good fit
round the back, so that
although the valve is ab-
solutely controlled in the
direction of its travel, it is
not. prevented from follow-
ing up the wear of the
valve face.

Fig. 99 brings into com-
parison typical old and new
pattern eylinders for loco-
motives on the L.M.S.R.
Modern locomotives must
be handled with due regard
to the special features they
possess, as the long valve
travel and better steam
distribution in general en-
able a shorter cut-off to be
employed than with older
engines  when  working
under similar conditions of
load and speed. In prae-
tice, this is reflected in
the details embodied in
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the design of eylinders and valves, and indieates that more work
is being extracted from the steam, so that less steam is used
per stroke.

A notice is exhibited in the cab of all the new locomotives
of the L.M.S.R., and also some other classes employing long
travel valves, stating that when coasting, the reversing lever
must be placed in the ** drifting » position, corresponding to about

EXHAUST EXHAUST

COMPARATIVELY SMALL

SHORT TRAVEL STEAM PORTS IN LINERS

PISTON VALVE
) I

{( __'_,,7,‘_,.7,7,, 1 t*____‘_

IRREGULAR SHAPE OF

STEAM PASSAGES AND
INTERNAL SURFACES IN
CONTACT WITH STEAM

EXTENDED VALVE CHEST
EXHAUST FRONT AND REAR EXHAUST

WIDE STEAM PORTS/T} \ PISTON VALVE
IN VALVE LINERS s

Fra. 99.—Apove: Onp ParrerN CyLiNpER AND VALVE. BeLow :
CyLINpER VALVE AND PistoN oF NEW STANDARD LocoMorives,
L.M.S.R.

45 per cent. cut-off, which is marked with a letter *“ D ™ on the
sector plate. When coasting, the cylinders of a locomotive
operate as an air pump, and tend to ereate a vacuum in the
steamchest. The effect of this is to cause a suction at the blast
pipe, down which smokebox gases and cinders may be drawn into
the eylinders. Air or anti-vacuum valves are fitted to the steam-
chests to break this vacuum and eliminate the tendency to draw
foreign matter from the smokebox into the eylinders, but the
large port areas and steam passages in modern cylinders so
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greatly increase the pumping efficiency of the pistons, particularly
at high speeds, that, with the valves operating at full travel,
the quantity of air pumped would be so great that the air valves
could not admit sufficient air to destroy the steamchest vacuum
and the suetion at the blast pipe.

By notching up the gear to * drifting ” position the port
openings are reduced sufficiently to cut down the pumping action
to a point at which the air valves can neutralise it, and suction
at the blast-pipe is avoided.

The slide valve, as will be shown subsequently, is designed
for the purpose of regulating the admission of steam from the
boiler to the eylinder, and for exhausting or discharging the
steam after some of its energy has been used. It is faced and
bedded accurately to prevent any leakage from the steam ports
to the exhaust port, and to cut off the steam completely from
entering the eylinder after its proper period of admission.  Although
superseded to a very large extent by the piston valve in present-
day locomotive practice, the slide valve has a long and meritorious
history, and is not, even now, to be regarded as an obsolete
feature of design.

The first slide valve, ** which superseded the old lift or drop
valves worked by tappets,” is attributed to Murdoch, an assistant
of James Watt, and, with the exception that it had neither
outside nor inside lap, was practically similar to the modern
ordinary D slide valve. This valve takes the form of a hollow
cast-iron or special gunmetal box, the projecting edges of which
are accurately planed. The box is made to slide over the port
faces by the motion of the eccentrie, alternately admitting steam
to each end of the cylinder, and exhausting the spent steam
before the return of the piston. The steamchest is in direct
communieation with the boiler when the regulator is open, and
the steam pressure on the back of the valve keeps it tight upon
its face. Modern high steam pressure exerts considerable force
upon the back of the valve, causing, in many instances, excessive
friction, which may cut or groove the valve face, with a resultant
leakage of steam and heavy load upon the valve gear and
eceentrie. If we take, for instance, an ordinary-sized locomotive
valve, which may be about 15 in. by 10 in. across the back, and
multiply this area even by 180 lb. boiler pressure, we get upon
the valve face 153 10x 180=27,000 Ib. load, which, with -1 as
the minimum coefficient of friction, gives a retarding force of
2,700 1b. Of course, some little reduction should be allowed for
on account of the pressure exerted through the comparatively
restricted area of the port from the eylinder to the front of the
valve, yet it will still be evident that a large frictional resistance
due to pressure must be overcome before the valve can be moved.
Modern inereased cylinder diameters, with the accompanying
larger valves and higher steam pressures, have therefore necessi-
tated various types of valves for relieving the wear and tear
caused by excessive valve-face friction. Fig. 100 shows a type
that was at one time extensively used. This is known as the
Allan or Trick valve. With this design, & much smaller throw of
the eccentric was permissible. One or more portways P are cast,
which pass behind the exhaust cavity, giving a greatly increased
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steaming area. The portways open to steam beyond the edge
of the eylinder face F at the same time that the port begins to
open at the steaming edge of the valve at 8. A large amount of
port opening is thereby obtained with a small amount of travel.
The valve is not used so much as formerly, as a slight error of
adjustment or lost motion due to wear in the valve gear has
a serious effect on the efficiency of the valve.

An efficient method of relieving the heavy pressure on the
valve face, known as the Richardson balanced valve, is shown
in Fig. 101. Cast-iron strips 8 are let into the back, and are
held tight against an adjustable back plate B, or the back of the

Fra. 100.—Locomorive Suipe VALve
(ALLax or TricK PATTERN).
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Fig. 101.—Ricnarpsoy BAraxceDp Suipe VALVE
ror LOCOMOTIVES,

steamehest cover, by means of steel spiral springs W. The strips
are made a good fit and bedded carefully so that steam is prevented
from passing behind the back. Circular rings are sometimes
fitted in place of the strips, and these are also held up to the
back plate by springs. When the strips or rings begin to wear,
a certain amount of steam is liable to leak behind the valve, and
this is discharged by the hole O directly into the exhaust cavity.
This valve was extensively used, and undoubtedly reduced the
friction on the valve face, thereby relieving the valve gear and
eccentries of a large amount of work. This type of valve was
usually applied only to eylinders with the steamchest above
or below. Although the ordinary D slide valve can be balanced
to a certain extent, such valves are only applicable when the
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location of the steamchest iz suitable. It will also be evident
that as they inerease in size, so does the area of the lap picces
which are unbalanced.

A eylindrical slide valve, known as the piston valve, was
therefore introduced. This is usually in the form of two pistons
secured to one valve spindle, and fitted in such a manner that
they uncover the steam ports at each end of the evlinder
alternately, as with the ordinary D valve. The faces against
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which the valves work are bored accurately, and are usually
in the form of a hard, cast-iron bush, which is bored and fitted
into the eylinder easting. The ports are cast or cut into the
bush, and the valves are made steamtight by annular rings
made from good cast iron or special gunmetal. These packing
rings are held against the inside circular face of the bush by
means of internal springs, and diagonal bars are cut or cast
across the ports to prevent the rings spreading and fouling the
port edges. Two distinet types of piston valves are in use, One
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type is for outside admission, in which the steam is admitted
to the eylinder by the outside edges of the valves at 8 and S',
which have outside lap picees as in the case of an ordinary slide
valve (see Fig. 92). The second type is for inside admission,
and the steam is admitted to the eylinder by the inside edges.
The lap pieces are placed between the valves, and the exhaust
controlled by the outside or ends of the valves (Fig. 93). It
is claimed for piston valves that a greater port area is obtained
than with the D valve, and a shorter travel is possible. The
steam pressure, instead of pressing heavily upon the faces, is
exerted endwise upon the pistons, which are therefore practically
in equilibrium, so that the wear and tear on the valve gear is con-
siderably reduced. With inside admission piston valves, it is also
claimed that the valve spindle stuffing-box and gland are much
more easily maintained steamtight, because there is only exhaust
steam pressure to contend with. In the older types of piston
valves, a certain element of danger was always present, owing
to the water due to condensation or priming being trapped in the
eylinder. This danger is to a great extent obviated in the later
patterns. The principal advantage claimed for piston valves is
that they can be worked with about one-sixth the energy that
is taken from the engine in working the ordinary slide valve.
On the other hand, it is suggested that this saving is in a great
measure counter-balanced by the increased cost of upkeep from
breakages and repairs due to the more complicated construction
of the piston valve. Modern practice has robbed this contention
of whatever value it may have possessed.

An excellent example of modern practice in the design of
locomotive piston valves is that shown in Fig. 102. This shows
the type of piston-valve head adopted on the L.MS.R. for
modern express locomotives. The valve is 9 in. in diameter,
and has a maximum travel of 7., in. It is of simple design, with
six narrow rings, and has superseded the many complicated
forms of valves which have been tried in the past. Experience
has shown that piston valves of the kind illustrated are capable
of running more than 30,000 to 36,000 miles express service
between examinations and with a high degree of steamtightness.

Improvements in the design and construction of locomotive
valves for controlling the admission and exhaustion of steam to
and from the engine cylinders have been concerned mainly with
endeavours to avoid the liability to wire-drawing, or throttling,
the steam, during both admission and exhaustion, reduction of
steam leakages, low maintenance costs, and the use of a minimum
effort in opening and closing the valves. This has resulted in
the application of steam distribution valves, which may be of
the semi-rotary type, somewhat after the manner of the Corliss
valve, or approximately similar to the ordinary mushroom type,
but with two seats whereby each valve is placed in equilibrium.
These are deseribed as *° double-beat * valves. These latter
types may have either a vertical or “drop ™ movement, or a
horizontal motion, controlled by cams, and are often referred to
as * poppet ”’ valves. The Caprotti and Lentz types are probably
the most notable examples of modern developments in this
direction.
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Poppet valves have been in use on locomotives for a number
of years past, and Fig. 103 shows the poppet valve arrangement
as developed by Associated Locomotive Equipment Litd., formerly
known as Lentz Patents Ltd., London. The general arrangement
is as follows: four poppet valves A are provided for each
eylinder, these are disposed in pairs of one admission and one
exhaust at each end of the cylinder casting. A central annular
chamber B is provided in the casting through which a camshaft C
runs at right angles to the valve spindles D and carries two
cams K and F. One, E, operates the steam and the other, I,
the exhaust valves. The cams may come into direct contact
with the valve spindles, which, in such ecases, are fitted with a
roller and pin, the former bearing upon the eam profile. Alterna-
tively, intermediate levers G, shown in the illustrations (Figs.
103 and 104), are arranged on suitable fulerum supports. This
design not only enables high lifts to be obtained for a given
shape of cam, but at the same time enables lighter valve spindles
to be employed. Both these features are of advantage, more
especially for fast-running locomotives. Oscillating movement is
imparted to the eam spindles by means of a rocker arm, seen
in the photographic view (Fig. 104), which is coupled by the link,
also shown, to the valve gear system.

The main principles underlying the design of poppet valves
as arranged in the above manner are a slow opening followed
by a quick movement of the valve, a rapid closing followed by a
slow movement at the time of actual closure, and also the fact
that up to the actual seating of the valve on its face, the valve
spindle, either directly or indirectly (through the intermediate
lever system) is in contact with the cam profile. In this way
absolutely noiseless operation is assured, and there is no drop
action whatsoever.

It should be understood that expansive working and reversing
are accomplished by the usual means, ie.. through the agency
of the ordinary types of valve motion as usually applied, but the
port openings are improved for any given running conditions.
This feature, together with the improvements obtained by the
more direct passages, especially for the exhaust, reduces losses
due to throttling of the steam in the ports and passageways.
The control springs pressing on the outer ends of each valve
spindle are provided to preserve contact with the cams when the
engine is running with steam shut off.

With the idea of obtaining a poppet-valve system having
separately eontrolled steam and exhaust valves, so that opening
and closing of the exhaust valve ecan be entirely independent
of the steam-valve events, the gear illustrated in Figs. 105 and 106
has been designed.  In this instance, the valves, spindles and
control springs, together with their housings and steam ports,
are arranged precisely as in the case of the previous application,
the difference being that the eams H and J, instead of oscillating,
are made to revolve continuously. They are mounted on a
camshaft K, one set controlling the steam valves L, and another
set the exhaust valves M. Owing to the eontours given to these
various sets of cams, it is possible to preserve a constant timing
for the exhaust valves, while that for the steam valves is varied,
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so that for any cut-off the points of release and compression
remain the same. Reversal and expansive working are obtained
by moving the eamshaft, together with the eams, in a transverse
direction, so that the steam-valve spindles are brought into
contact with varying sections of the steam-cam profile corres-

Fia. 105, —Secrion THROUGH TrRANSVERSE CaMSHAFT AND CAMS;
CALE" Rorary Cam Porrer VALVE GEAR.

ponding to the wvarious cut-offs required. This transverse
movement is effected by means of a rack N and pinion O, engaging
with a worm and wheel, and the arrangement is self-locking.
The initial drive for the rotating camshaft is obtained by means
of a pair of skew gears mounted in a suitable casing P, fixed to
a return crank Q, as shown. The drive from the skew gears is
transmitted to the camshaft by a shaft R, earrying universal
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couplings 8 and 8', and thenee through two spiral bevels T,
one of which is securely keyed to a sleeve, which drives the
camshaft by means of splines. It is elaimed that this arrangement
gives o more perfeet steam distribution than is possible with
ordinary reciprocating valve motions common in practice, and
at the same time, preserves the simplicity and accessibility which
are characteristic features of the ordinary Lentz poppet-valve
gear with horizontally placed valves.

The Caprotti valve gear, employing poppet valves operated
by rotating cams, has been evolved for the purpose of improving
the thermo-dynamic performance of the steam locomotive. The
principal disadvantages of the valve gears usually employed are
centred in the fact that when an early eut-off is used, the corres-
ponding points of release and of compression are similarly advanced.
An ecarly cut-off is obtained and the point at which the exhaust
port opens is also early. This causes considerable restrictions
in the length of the expansion eurve, and the pressure at the
moment of exhaust is higher than it would be were the point of
release delayed. Further, since the point of compression is also
advanced, in order to run at early cut-offs, it is necessary to
employ relatively large clearance volumes to prevent excessive
pressure at the end of the stroke due to compression.

The Caprotti system, by employing separate means for
operating the steam and exhaust valves, makes it possible to
maintain the periods of release and compression constant for any
degree of eut-off.  Thus the dual advantage is secured of obtaining
more work from the expansion of the steam, and at the same
time enabling a considerable reduction in clearance volume to be
effected. These two features taken together result in a considerable
improvement in the efficiency with which the steam is utilised
in the eylinders.

A further advantage is the reduction of frictional losses. The
gearing, which for the most part runs in ball bearings, is encased
in oiltight dustproof boxes, and the poppet valves are free from
surface friction. About 2 h.p. is sufficient to operate the gear
in the heaviest locomotives. The total oil consumption over a
series of tests has proved to be very much less than with ordinary
valve gear.

The above summarises briefly the advantages obtainable
with any valve gear functioning after the manner described.

The valves and gear, as arranged on the Caprotti prineciple,
are shown by the accompanying illustrations. Fig. 107 is a section
through the cylinder showing the admission valves, and Fig. 108
is a section showing the exhaust valves. It must be understood
that each eylinder is equipped with four poppet valves A, working
in the vertical plane. There are two valves at each end of the
cylinder, one operating the admission and the other the exhaust.
The cams for controlling the valve movements are mounted so
that they may be turned by a revolving shaft driven by any
suitable means from one of the coupled axles. The angular veloeity
of this shaft must be, as in any form of valve gear of this particular
type, exactly the same as that of the driving axle. The Caprotti
system employs three eams for operating the four valves for each
eylinder. Two cams, B, B, control the steam valves, and one, C,
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the exhaust. The plan view of the operating arrangement is
shown by Fig. 110. It will be observed that a erankshaft D
is_employed, and this, by means of the links I, is coupled to
sleeves I, which are very similar to the familiar eccentric straps.
These sleeves embrace cylindrical pieces (1, G, also shown
sopamtvl_v in Fig. 109, eut to conform to a [|uick-pit(-,|| RETeW

Fra. 107.—SEecrion raroven CYLINDER Fia. 109,

oy - ("AMS AND
ND INLET VaLvEs, Canm Rops,

IQS.—S}:CT:_UN THROUGH Fra. 110.—Camsmarr
Exnavst VaLves. AsseMBLY 1IN PrLax.

H, which forms part of the revolving shaft J. The two steam
cams are located next the erankshaft D, and the exhaust cam
is shown on the outer end, remote from the erankshaft. The
cams are loosely fitted on the revolving shaft. They are, however,
given a rotary motion by means of cylindrical bars K, K, K, K,
which are driven by the eylindrical pieces engaging on the quick-
pitch serew. Slots L, L (Fig. 109), eut in the eylindrical picces,
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allow the direction of motion and the functions of the cams to
be reversed, the eylindrieal pieces again taking over control
when they have been turned through a sufficient angle.

Referring to Fig. 107, it will be noticed that the valves are
actuated by bell eranks, the ends of which, next the cams, are
fitted with equal arm levers carrying rollers bearing directly on
the two steam cams. When running in the direction of the
arrow, the cam shown by the continuous line is acting as the
admission eam for the valve on the left hand, which, it will be
noticed, has been opened, while the cam, shown by means of
chain dots, is acting as the cut-off cam. When it is desired to
reverse the engine, movement of the erankshaft by means of the
links E (Fig. 110) has the effect of reversing the functions of the
two steam cams. The position of the exhaust cam relative to
the valve-operating levers is not altered in so far as the time
of the opening and closing of the valves is concerned, until the
reversing gear is in mid-position. Therefore, the points of release
and compression remain the same whatever degree of cut-off
is employed. It will be noted that the valves work in housings
which are part of the cylinder castings, and that they work in
cages which form the valve seats.

The valve-control springs, shown in Figs. 107 and 108, are no
longer used. Instead, live steam is taken directly from the
regulator through a pipe connected to passages in the eylinder
casting. This allows the steam to act on extensions of the valve
spindles, and so lifts them up to their seats, as shown in Fig. 111.
The extension of the exhaust valve spindles is fitted with a friction-
less type of spindle packing, which prevents live steam entering
the steam port and suffers practically no wear.

Immediately the regulator is opened, the first steam taken
lifts the valves into their correct running position, as controlled
by the cambox. When the regulator is closed, the valves drop
back off their seats, and remain in the fully open position. A
perfect by-pass is thus provided when the engine is coasting.
No by-pass valves are required with this valve gear.

Fig. 112 shows in perspective all the units of the gear with
their titles. The drive for the eamboxes is taken from one of the
coupled axles, and the self-contained unit at the axle is known as
the drive-off axle. From this axle a rotating shaft is connected
to the cross-driving gear, which is usually situated between the
ecamboxes, and connected to them by ecross-driving shafts. The
main driving shaft is fitted with universal joints to allow for the
rise and fall of the driving axle, and universal joints are fitted to
the eross-driving shafts to ensure very free running of the gear.

The reduction gearbox is placed immediately behind the
cambox, and the reversing shaft from the hand wheel in the cab
is connected directly to it. By this means, the turning movement
of the reversing shaft is reduced, as a small gear wheel transmits
the motion to a gear wheel segment of larger diameter. This
also makes the reversing of the engine particularly easy. The
lever on the shaft of the large segment connects with a lever on
the reversing crankshaft of the eambox, and transmits the move-
ment of the reversing shaft to the cambox. One turn only of the
reversing hand wheel moves the gear from the full forward gear
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position to the full backward gear position, and the engine can
be reversed easily in any position whether standing or moving.
A lever on the rear end of the shaft of the large segment in the
reduction gearbox is connected to a cross-rod, which transmits the
reversing motion to the opposite side of the engine, where the cross-
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rod (known as the reversing rod) is connected to a lever on the
reversing gear support. This is coupled to the other cambox in
the same way as the reduetion gearbox.

The camshafts rotate at the same number of revolutions as
the driving wheels of the engine. If necessary, the driver can
satisfy himself readily that the gear is in order, and correctly set,
by the following simple observations :— i
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In the case of an engine with the reversing hand wheel on the
right-hand side, the left-hand crank must always move in the
same angular position as the asterisk marked on the graduated
dise on the outside end of the left-hand cambox ; e.g., left-hand
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CROSS DRIVING
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crank on front dead ecentre, asterisk on left-hand cambox on
front dead centre. In the case of an engine with the hand wheel
on the left-hand side, the right-hand crank synchronises with the
asterisk on the graduated dise of the right-hand cambox ; i.e.,
right-hand crank on back dead centre, asterisk on right-hand
cambox on back dead centre.
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Fic. 112, —PEersPECTIVE VIEW oF CaPROTTI VALVE GEAR APPLIED TO A Two-CyLINDER LOCOMOTIVE.
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The valve spindles need no lubrication at all, and are better
if kept clean and free of oil. The camboxes must be filled up
to the middle of the oil-level indicator glass with best superheater
eylinder oil. The self-contained units, drive-off axle, cross-
driving gear, reduction gearbox, and reversing gear support, ete.,
should be oiled regularly with the stande-d oil used by the railway
for journals, ete. Suitable oil boxes and oil plugs are provided,
and these are indicated in Figs. 113 and 114. The Caprotti valve
gear permits a high degree of standardisation ; eamboxes are
interchangeable between one engine and another, and between
right- and left-hand cylinders on the same engine.

Air or relief valves are fitted to the steamchests of engines
using piston valves. When an engine is running after the
regulator has been closed, a pumping action is set up by the
pistons in the eylinders, so that the air is withdrawn. and a cortain
amount of vacuum formed in the steamchest. The energy exerted
by the pistons in ereating this vacuum tends to slow up the engine,
and the valve or cylinder faces may be damaged by the floating
particles in the smokebox being sucked down through the blast
pipe. The air valve is maintained upon its seat by the pressure
in the steamchest, so that when steam is shut off and a vacuum
formed, the pressure of the atmosphere raises the valve, thus
destroying the vacuum. The lift of the air valve should never
exceed § in., otherwise there is danger of the valve being fractured
by striking the face too heavily.

Leading from the steamchest to the eylinders are the steam
ports SP (Fig. 98). These are designed so as to provide a direct
path for the steam. Sharp bends and curves are avoided as
much as possible with a view to obtaining a pressure exerted
upon the pistons I’ as nearly as possible equal to the steam pressure
in the boiler.

The exhaust port I3 is also designed in such a manner that
the exhausting steam shall have a free outlet, otherwise sufficient
back pressure would be exerted upon the pistons to retard seriously
the running of the engine.

By this time, the reader will be familiar with the eylinders,
so that, beyond adding that compactness, durability and rigidity
are absolutely essential, little more need be said. They are bored
out so as to be perfectly eylindrical and finished with every degree
of care.

Condensation due to the cooling effect of the eylinder walls
would be responsible for serious losses of steam if the eylinders
were not well protected. Owing to their exposed position, outside
eylinders are particularly liable to cause excessive losses, due
to condensation. For this reason, they are protected by an
efficient non-condueting material. Many kinds of covering are in
use, the most common being silicate cotton, special asbestos
composition, or wood lagging. This protection, however, does
not prevent a certain amount of condensation when steam is first
admitted to the eylinders after an engine has been standing.
Since water is practically incompressible, if it is present in the
eylinder, either from priming or condensation, there is a danger
of knocking out the cylinder ends when the piston approaches
the end of its stroke. The cocks which are fitted to the lowest
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part of the cylinders for draining the water are therefore important

adjuncts.  They are controlled by rods and levers from the
" footplate, as already mentioned.
e Spencer’s patent relief and drain valve for locomotives
e (Figs. 115 and 116) is a modern device designed to act as a relief
I valve for trapped water, and also to take the place of the ordinary
] llumlll'“]mlm i

5 : cylinder drain cock.
(LITh{B i The valve has six passages, 1-6, which are connected to the
= B e back and front ends of the eylinders and steamchest respectively.
s - These passages open downwards into one common chamber
through ports in a faced surface, and a central passage b iz also
e provided, which is in communication with the atmosphere. The
W faced surface of the ports is covered with a properly bedded
plate or dise d (Fig. 116), which is maintained in position by the
admission of steam direct from the main pipe to the underside
of the disc at e.
The area of the surface exposed to the main pipe pressure
is greater than that of the ports in communication with the

-y

REVERSING HANDWHEE!
—— R~
LOCKING TEETH
lt

DRIVE OFF AXLE

cylinders, and the disc is therefore held tight against the port

.l"-l = faces until an excessive pressure, due to trapped water in the

"HE cylinder, occurs, when the disc is forced from the face, thus

L 1L discharging the water through the central port into the atmos-

ST i} phere. A specially designed three-way cock is fixed upon the

2 EZpL) > boiler front plate in the cab, by means of which the pressure

< = underneath the disc may be relieved, whereupon both ends of the

8 l ] cylinders and steamchest may be drained, as with the ordinary

(o] eylinder drain cocks.
a =2 e The piston head P (Fig. 98, p. 176) is turned slightly smaller
] i ¢ L in diameter than the bore of the eylinder, so as to bhe an easy fit.
2 =1

z
=]

The steam, when admitted alternately to each end of the eylinder,
exerts its full pressure against the piston, which is foreed backward
and forward, so that it is directly instrumental in converting the
energy of the steam from pressure into a motion which is trans-
mitted by means of rods to the erank.

The chief desiderata for an efficient piston are

QOIL FILLING PLUG

REDUCTION CEAR BOX

as follows :—

1. Ability to prevent the leakage of steam from one end
of the cylinder to the other.

2. Sufficiency of strength to withstar
which it is subjected.

3. Suitability of design for a secure attachment to the
piston rod.

AMBOX

DRAIN PLUG

114.—ARRANGEMENT OF CAPrROTTI VALVE GEAR 1IN HALF Prax

wd the pressures to
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In order to fulfil the first condition, man
have been tried. The Ramshottom rings, which are invariably
fitted in this country, are perhaps the simplest and most effective
for locomotive purposes. They are generally made of cast iron.
The outside diameter of the rings is made from % to § in. larger
than the bore of the eylinder, and a piece is cut away, so that
when the ends are pressed together, it is possible to spring them
into the cylinder. Two or more grooves are turned in the piston
block, and the rings fitted in such a manner that they are not
prevented from springing outwards. The pressure brought to

bear by the tendency of the rings to spring outwards to their
normal diameter is found sufficient to resist the

¥ kinds of piston rings

steam pressure,
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Excessive friction would absorb a large percentage of the power
of the engine, and the eylinder would be eut or grooved if the
rings were made too strong, so that the most efficient rings are
those that will remain steamtight with the least amount of
friction. By cutting away a portion of the rings, an opening
is left where the ends meet, and these openings must be staggered
or broken, i.e., placed on opposite sides of the piston, and away
from the port openings so that two joints do not come together.
Otherwise the steam will have a straight path past the piston
and a considerable leakage will take place. To prevent the rings
from turning after they have been forced into the eylinder, pegs
are often fitted inside the grooves. The weight of the piston
head is reduced as much as possible consistent with a safe margin
of strength.

The momentum of a moving body increases rapidly with
the weight and speed of the body, so that in modern high-speed
engines heavy stresses are passed through the rods to the erank-pin,
when the piston is changing its direction of travel. Cast-iron
piston heads are often used, except in large cylinders, for which
steel is sometimes employed, to obtain a comparatively lighter
and stronger piston. On account of the smoother running qualities
of the metal, cast-iron heads are not so liable to damage the
eylinders as steel heads, and whenever possible, the iron casting
is adopted. In locomotive cylinders, it is usual to allow about
§ or § in. space between the piston head and the inside of the
eylinder covers at the limit of the stroke. This space, which,
with the addition of the port volume, is known as the cylinder
clearance, is an important factor in the consumption of steam,
and the smooth running of an engine. A certain amount of
clearance is necessary to allow for any alteration in the position
of the rods when wear takes place, and also to allow room for
any water that may be in the eylinders, due to condensation or
priming. When properly designed, the clearance is of great
assistance in arresting the momentum of the moving parts by
allowing room for a certain amount of compressed steam. The
time of exhaust and admission is specially set for this purpose.
This compression is known as cushioning, and acts in such a
manner that the piston is, comparatively speaking, brought
gradually to a standstill before the return stroke is commenced.
At the same time, too much clearance would result in an excessive
consumption of steam, as the clearance spaces are refilled with
live steam at every stroke of the engine.

A strong boss is east in the centre of the piston head, which is
bored out to an accurate taper for the attachment of the piston rod
PR (Fig. 98). The rod is carefully turned and made a good fit
in the taper hole. It is often ground in position to ensure a
first-class job. The end of the rod is also turned and screwed
in the lathe for the reception of a strong, well-fitting nut,
which, when fully tightened, seeures the piston head firmly to
the rod.

A hole is drilled in the nut and rod end, through which a pin
is fitted, and riveted at both ends, to prevent the nut from
working back. Before its final attachment to the piston head,
the rod is turned so as to be perfectly true throughout its length,
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and is left } to § in. larger in diameter than is absolutely necessary,
to allow for turning up true after wear has taken place. This
saves the cost of a new rod. It is made from forged steel of a
known and approved breaking strength, and is prepared at the
opposite end for the reception of the crosshead.

To provide additional support for heavy pistons in large
cylinders, the piston rod is often extended on the front side of
the piston, and passed through a stuffing-box in the front eylinder
cover similar to the back-cover gland and stuffing-box.

The rod is maintained steamtight in passing through the
covers by means of the gland packings, of which many types
are in use. The requirements of a good gland packing are that
it shall maintain the gland steamtight, with a small amount of
friction, and without injury to the surface of the piston rod. The
old-fashioned hemp rings soaked in tallow soon became a constant
source of trouble when steam pressures, and consequently tem-
peratures, were raised. For resisting the heat, and at the same
time reducing the friction, special asbestos packings, sometimes
interwoven with rubber for flexibility, and with graphite, soap-
stone, or metallic fibres for lubrication and smooth running, were
introduced. This form of gland packing is still used extensively,
and under certain conditions fulfils all the requirements. It is
placed in the stuffing-box in rings very similar to the old hemp
rings, with the joint of each placed on opposite sides of the
stuffing-box.  When using this kind of packing, it is essential
to take care that the rings are cut to a proper length, put in evenly,
and tightened up equally all round with the gland nuts. If the
stuffing-box is improperly packed, steam leakage will give constant
trouble, and the rod will become overheated or damaged by
grooving. It is surprising to find what a small amount of pressure
is required to maintain the packing steamtight in a well-packed
stuffing-box. Notwithstanding the state of proficiency attained
by the manufacturers of fibrous packings, the high steam tem-
peratures and piston-rod speeds of a modern engine soon affect
seriously the durability and efficiency of the packing. Many
forms which are entirely metallic have therefore been designed,
and these have superseded the fibrous packings almost completely.
They are made in so many different forms that it is impossible
to give here more than a general description.

Metallic . gland packings may be divided broadly into two
types, viz. : (1) Those that depend upon end-on pressure exerted
by the gland nuts, somewhat as shown in Fig. 117, and (2) those
that are maintained steamtight by the action of springs fitted
inside the stulling-boxes, sometimes assisted by the pressure of
the steam in the eylinder, as in Fig. 118. In the older forms
of the first type the packing rings are usually made of white or
Babbitt metal. Two of these rings form a pair, with the conical
sides of each in contact, so that together they form a square
packing ring. In order that the rings may tighten against the
piston rod by the pressure exerted through the gland nuts, they
are split or sawn and placed in the stuffing-box with the joints
broken or * staggered ™ to prevent steam leakage. As will be
seen, the packing rings are held rigid in the stuffing-box, and
should there be any lateral or vibratory movement of the rod,



200 LOCOMOTIVE MANAGEMENT

N 77
T —
A

G T Y O N
& \\wémm&mw

oz

innnon

2

b

MG, 117.—MEeraLLic PAcKiNG
ror Piston Rops,

N\

7, ,
-—— WD
N

R

if\\\ﬁlll
=
il

N EAY ANy —
\M(w‘&% '

\'!
i\

Fic. 118.—SpPRING-CONTROLLED
METALLIC PACKING.

due to faulty alignment or wear at the slide bars, the rubbing
surfaces of the rod and rings soon become grooved or worn,
This entails fairly frequent renewals.

The Britimp packing ring for locomotive piston rods and
valve spindles is illustrated in Fig. 119. It (‘-unsists of three
segments encireled by a garter spring. The joints between the
segments are overlapped in a manner that prevents leakage,
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and steamtight glands are ensured.  These rings are usually
manufactured from a special wear-resisting grade of high-duty
cast iron, which quickly acquires a highly polished surface, and
a similar surface is produced on the rod.

When the packing ring is first fitted to the rod, there is a gap
of i in. between each segment, and as wear takes place in the
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Fra. 119.—Brrrmve Packine RiNG vor
Piston Rops AND VALVE SPINDLES.

e, 120.—Houvsing vor RiNas
oF Brrrime PAckiNa.

bore, these gaps close until, after a lengthy period of service, the
segments are butting.  When this oceurs, leakage will take place,
but it is necessary only to dismantle the packing and file or grind
5 in. off the end of each segment to secure a further period of
effective service. Spare rings, bored smaller than the originals,
and suitable for fitting to a worn rod, are supplied. The rod
should be ground or skimmed up, to ensure that it is truly circular

7A
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and parallel throughout its length.,  Each packing ring can be
set up in the lathe for boring to suit the rod by chucking it with
the spring in position, and a & in. dinmeter distanee piece between
each segment.,

It should be noted that the rings must be fitted with the
tongues facing the outside of the box in order to allow the steam
to have access to the backs. The garter springs are only required
to prevent the segments falling away from the rod, and have
no connection with the prevention of leakage.

The housings for the rings are made in a wide variety of
patterns to suit existing stuffing-boxes. A typical arrangement
is shown in Fig. 120. The housing is made in halves with
ground and lapped joints, and the two halves are registered
together with dowel pins or fitting bolts.  When fitting, the
rings and springs should first be placed on the rod, and the two
halves of the housing placed over them and bolted together.
A little thick oil should be used on the joint faces. The whole
assembly is then pushed into the stuffing-box and secured with
the gland studs and nuts.  If an external swab-box is fitted, it
should be supplied with oil from a separate reservoir of the
drip-feed pattern, and should be furnished with a soft cotton swab.

The Britallic housing made by the same firm (British Metallie
Packings Co. (1933) Ltd.) is unsplit, and the packing rings are
contained in a series of chamber rings secured with an external
flange. A working life of 150,000 to 200,000 miles should be
obtained before spare rings are required, and the housing should
never need replacement.

Fig. 118 is a flexible and modern type of gland packing made
by the United States Metallic Packing Co. Ltd. at its works
in Bradford, Yorkshire. The particular packing shown is adapted
specially for locomotives, and consists of three Babbitt metal
rings (5, 6) placed in a vibrating cup (4), the interior of which
is partly conical or has double conical sides. The vibrating
cup (4) rests against a ball and socket ring (3), and the whole
is kept in place by a follower (7) and one or more springs (8),
which press the ball ring against the socket in the head of the
case and form there a steamtight joint. Reverting to Figs. 117
and 118, a comparison of the two types will show the comparatively
small amount of frictional contact of the latter type as compared
with the older forms of metallic or fibrous packings.

1t will be observed that this packing is a * steam-setting ™
packing, that is to say, the steam pressure acts on the rings,
and helps to keep them in contact with the piston rod. It follows
therefore that this pressure is exerted only on the ring during
a portion of the steaming stroke, and that there is no pressure
on the rings during the exhaust stroke beyond the small amount
due to the spring pressure. The packing does not depend upon
the spring, as this is only required to keep the parts in position.
The reduced area of the ring in contact with the rod, taken in
conjunction with the reduction in pressure due to the steam-
setting principle of the packing, ensures the minimum of friction
on the rod.

The constant pressure exerted by packings that are adjusted
by gland nuts is always an unknown quantity, and, when
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excessive, may be equal to as much as two fully loaded wagons.
The large amount of friction which is present throughout both
strokes, together with the rigidity of the packing, has often
resulted in hot rods, more especially when the lubricating properties
of the steam are not available, as when running down a bank
with the regulator closed. When the latter conditions have
obtained for any considerable length of time, drivers have often
been foreed to admit a little steam to the cylinders for lubricating
the rods, notwithstanding the fact that the brakes have been
applied. The greater sense of security due to the advantage of a
minimum amount of piston-rod friction with the regulator closed
will be fully appreciated by the many locomotive drivers who
have had anxious times with hot rods and melted whitemetal
gland liners. By referring again to Fig. 118, it will be seen that the
follower spring (8) automatically feeds up the follower (7), thus
taking up the wear of the Babbitt rings (5, 6), and lateral
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Fia. 12L.—Uxrrep Stares Merannie Packizg (Air-Coorep Tyree).

movement is provided for by the space between the inner surface
of the case (1) and the vibrating cup (4). This permits a direct
sliding movement upon the face between the vibrating cup (4)
and the ball ring (3), or a rocking motion between the ball rings
and the socket in the head of the case (1), or a combination of
both movements at the same time. The possibility of the packing
producing a lateral strain on the rod is thus prevented. The
foregoing remarks are applicable also to valve spindle glands.
During recent years, it has become almost standard practice
to fit locomotives with superheaters, and this has entailed a
modification in the arrangement or the material of the metallic
packing to suit the increased temperature. One method, which
has been employed to a considerable extent, has been in the
nature of an air-cooled design, as shown in Fig. 121. This
packing follows the general arrangement shown in Fig. 118,
except that the vibrating cup, which holds the white-metal
rings, is air-cooled. This reduces considerably the temperature
to which the packing rings are subject, and permits the use of
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Fra. 122.—Packing wite Cast-iroN Rinas.
(Ustrep Stares Meranuie Packine Co. Lirp.)

Fra. 123.—Axoruer Type with Cast-IroN Rinas.
(Untrep States Merannic Packine Co. Lrp.)

a whitemetal alloy for the packing rings. As an alternative
to the air-cooled type of packing, many railways have adopted
gland packings in which cast-iron rings are employed. Such
packings are illustrated in Figs. 122 and 123.

The type shown in Fig. 122 is in use to a considerable extent
on main-line engines in Great Britain. The packing blocks,
which are of cast iron, are arranged in two rings, with the joints
in one ring placed at right angles to the joints in the other.
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Each ring consists of two pieces which are held together and
kept in contact with the rod by clip springs. Apart from the
cast-iron blocks or rings, the general arrangement corresponds
approximately with the type shown in Fig. 118. When using
metallic packings with cast-iron blocks or rings, it is essential
that the piston rods should be of high tensile steel.

Fig. 123 shows another arrangement of cast-iron blocks. In
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this arrangement, there is a split housing with three chambers.
The ecast-iron blocks or rings are each made in three segments
and encircled with a garter spring. Cast-iron packings of this
type have been used to a considerable extent by the Indian
State Railways.

The crosshead is secured to the piston rod in much the same
manner as the piston head. The rod end is turned accurately to
suit the taper hole which is bored in the crosshead, and the two
are ground together with fine emery powder, to ensure the best
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possible fit. After being finished to the proper length, a slotted
hole is eut through the end of the rod, and another through the
shn.nk of the crosshead, for the reception of a forged-steel cotter,
which is tapered, so that when driven home the rod is tightened
very securely into the taper socket. A split pin or solid cotter

v
i
]
{77 i
| :
"":' 1
I 2
: =
% i
! &
%
— /!" i E
= i
! 51.9 0L CROOVES
=
i s
=

e et

Fic., 125, —Crossaeap ror Oursipe CyriNpers with Two Svuipe Bags,

is fitted through the small end of the piston-rod eotter to prevent
slacking back. In some few instances, the rod end is serewed,
and nuts are used instead of the cotter.

From one to four slide bars may be used to each eylinder,
and the number of the bars determines the shape or form of the
crosshead. These bars are necessary for guiding the small end
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of the connecting rod in a straight path, which must be absolutely
true and parallel with the eentre of the eylinder, and to take
up the angular thrust and pull transmitted by the rod in foreing
the erank-pin through its circular path.

The type of erosshead shown in Fig. 124 is used on express
engines where lightness is of importance.  One upper slide bar and
two lower bars are required in conjunction with it. The body of
the crosshead is a steel casting with whitemetal applied to the
surfaces which work on the slide bars. The attachments for the
piston rod and gudgeon pin are the same as in the preceding
example. One crosshead on each engine is fitted with a lug to
take the vacuum pump rod.

The type of erosshead used generally with outside cylinders
and two slide bars is shown in Fig. 125. The centre portion is a
steel forging, and has cireular seats at the top and bottom to carry
the cast-steel slippers, which have whitemetalled wearing surfaces.

& B
L T TR T T B
HER! 1 O LEHP
W I EEE= < — 1)
~ ey W — ]
' BN ey
f iRy i '3 ) ORI
{ [jﬂ@ﬁ“_ﬁ LH)/ & :
e ¥
SECTION A-A -
i -x
m—————————————— _q'iqy._____,,__‘{u.'_‘_ B
3 2 b
J_@__ 0 © ® 0 6 0 Offy
T @ 0@ @ 6 66 0 0 3
I
Lr-—— ——————————————— 4 8 - ————¥

Fra, 126.—CRosSHEAD FOR SINGLE SLipe Bar.

One side of the crosshead has a register to take the crosshead
arm of the valve gear, which is secured by the gudgeon pin end
nut. Attachment of the piston rod is by means of a coned and
tapered cotter.

When only one bar is employed, it is usually fixed above the
crosshead, and the slide block is fitted with a cover or cap to
embrace the bar completely (see Fig. 126).  When running
forward, the upward thrust would be transmitted through the
alide to the underside of the bar, and when running backward
the downward pull would be sustained by the bar through the eap.

Two slide bars, one above the erosshead and one below,
are often used, especially with outside eylinder engines.  The bars
are placed well apart, to make room for the angular swing of
the connecting rod. The slide blocks may be fitted upon the
crosshead in the form of a slipper, or sceured by gudgeons specially
forged and turned upon the erosshead for this purpose.

Another common form of erosshead is used for inside eylinders,
and fitted with slide blocks on each side. For this type, four
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slide bars are necessary, and a certain amount of space is saved
by bringing the top and bottom bars fairly close together. The
slide blocks are fitted between each pair of bars and bored for
the reception of the projecting ends of a strong gudgeon pin,
which is fitted through accurately bored holes in the forked end
of the crosshead. Cast-iron slide blocks, with recesses cast in
the sliding faces for the reception of white or antifriction metal,
are in general use, and brass plates are sometimes fitted to the
side strips which come into contact with the sides of the slide
bars.  Crossheads in the form of steel forgings or steel castings

SECTION A.A.

are now adopted generally beeause of their combined strength /,?;/}/gﬁ-
and lightness, T Vet
The ends of the slide bars are supported by brackets east i ) | 1 S
upon the back cylinder cover, and, when possible, by facings i I
cast upon the motion plate. They are usually made of steel, H i !
and are machined accurately and finished with care, to make them iw e
straight and smooth. Their proper alignment, when fixed, is g £

1@

of great importance, and special arrangements are provided for
re-adjustment when wear has taken place. The slide blocks are
bedded carefully, and the wearing surfaces of the bars case-
hardened and re-ground or polished.

Connecting rods transmit the movements of the crossheads
to the crank-pins, and are made of mild steel, or, in many cases,
of special alloy steels eapable of withstanding greatly increased
stresses and allowing of lighter sections to be used, as explained
on p. 152 in the ease of side rods. The alternate compression
and tensile stresses set up in the rods are complicated by the
bending strains brought to bear by inertia as the big ends swing
through the erank centres. This inertia force is taken into
consideration, and the shape of the rods designed to obtain the
greatest. amount of strength without the addition of unnecessary
weight.

The ecrank-pins for inside cylinder engines form part of the
driving axle, and for strength must be made of a larger diameter
than is necessary for the erank-pins fitted into the driving
wheels for outside cylinder engines.

The big ends of the rods for inside eylinders are therefore |
larger than those for outside eylinders. There are, as already |
explained, many different types of rod ends, and the method of i
socuring the bearing brasses in the rods varies considerably |
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Trc. 127.—Marive Tyere Coxyecrise Rop, SoUuTHERN RarLway.

on the different railways. Constant modifications are necessary

for transmitting the greatly inereased power of modern engines.
The connecting rod shown in Fig. 127 has been in use for ‘

many years, and is known as the marine type. The middle portion n@

is of ecircular section, and is therefore cheaper to manufacture :

than one of 1 section, but is a little heavier for equal strength.

The big end bearing has whitemetal inserts which oceupy most

of the wearing surface. Lubrication is by means of a siphon

trimming feeding on to felt pads at the top, and a similar number

of felt pads are provided at the bottom of the bearing. These

pads retain the oil and wipe the journal, so that a film is main-

tained on the surface. The small-end bearing is a split gunmetal

bush working on the gudgeon pin, which is fixed permanently
in the crosshead.
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The outside connecting rod on a modern engine takes a very
simple form, and, whereas at one time various kinds of cottered

and bolted big ends were employed, it is now common practice

for a simple brass bush lined with whitemetal to be used at this ~ # P77 st Y

end of the rod (see Figs. 128 and 129). Both rods are fitted with N .
phosphor-bronze bushes lined with whitemetal. The bushes are ‘:' i !
secured in position by rectangular keys, and are specially bored % ]“Q\l-. : |
with a coarse traverse for the reception of the whitemetal liner. < S aQ‘ ot =
The oil cups, which are solid with the rod, are of ample size. f S_Xp ks Wi =
The big-end cup has a capacity of 1 pint. The nature of the \ 59 EE ) S :
bush and its method of lubrication is, in the ease of the rod (Fig. N ™ S ]
128), on similar lines to that described in connection with coupling ,"%‘, |
rods. The small end also has a bush pressed in position, but in R Ny H
this case the oiling arrangements are somewhat different. Owing e
to lack of clearance inside the erosshead, an oil box of special

form is used, the filling cap of which is approximately a foot

away from the centre line of the small end and stands clear of
the crosshead casting. A special type of valve is employed for
introducing the oil on to the small-end pin, which consists of a
circular spindle slightly flattened on the sides, which controls
the amount of oil which ean get past on to the bearing. The
spindle is held down by a spring secured by a cap nut. The
rod is of fluted section, and, like the coupling rods, is, in the
case of the “ Coronation™ class engine of the L.M.S.R., made of
Vibrac steel. It is not possible for the inside connecting rods to
be of the same simple form at the big end because they must be
made detachable from the erank axle. In this case, the big end
is of the strap type in which the brasses are made in halves,
with the split on the vertical centre line (see Fig. 130). Each
half brass is whitemetalled, and in addition to the felt pad at
the top of the bearing, two further felt pads are provided on the
underside. The arrangements at the small end are the same,
as in the case of the outside rod. The attention of readers is
drawn to the description and illustration on p. 214.

It is necessary, in the case of inside connecting rods, for the
brass to be split, and these brasses, as the drawings show, are
secured in different ways. In Fig. 130, a separate strap is secured
to the enlarged portion at the end of the rod by means of two bolts
and a cotter in front of the erank-pin opening. In the other case
(Fig. 131) the main connecting rod forging extends rearwards in
the form of two arms or projections, and the brasses are secured
by a separate clip held in place by a cotter.

The partly dissected conneeting rod shown in Fig. 132 is a
type used on the L.M.S.R. The large end of the connecting rod
is forged in a rectangular section to form a seat for the jaws of
the big-end strap, which is bolted to the rod by two accurately
ground taper bolts, provided with lock nuts and split pins for
additional safety. The two brasses are fitted to the inside of the
strap, and are retained in position by flanges machined on them
at the back and sides.

The eotter is inserted in a slot machined in the strap behind
the rear bolt, and passes down at the back against a steel pad
known as the glut, which rests against the front face of the front
brass. Thus, when the cotter is driven down, the two brasses are

.,.\,

L

Fig. 130.—Bra Esp or Insipe Coxsectie Rop For 4-6-0 Tyre Excizg, LM.S.R

FELT PADS
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pressed  together and held tightly in position.  When fitted
correctly, there must be no draw on the brasses, the feet of which
must be held pressed together firmly above and below the erank-
pin by the pressure of the cotter when driven up. The cotter,
when driven up tight, must project below the strap only sufficiently
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far to enable the small safety cotter to be driven through, and
must be a tight fit against the underside of the strap. Two § in.
diameter set-serews are fitted in the strap to clamp against the
main cotter, to prevent it from shifting in the event of the bearing
becoming disturbed, and the tightness of these serews should be
checked during engine preparation. If during examination it is
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found that draw has developed on the brasses, or that the main
cotter is projecting too far through the strap. so that the safety
cotter is loose, the big end should be reported for attention, because
other troubles and knock are liable to develop rapidly when
such conditions exist.
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The most suitable setting for uncoupling a big end of this
type is with the crank slightly in front of the bottom quarter
position ; but in a breakdown on the road, where no pit is
available, front eentre, or even higher, may be found more con-
venient, as it permits a better blow with the hammer for driving
out the bolts. Tt should be remembered that two or three firm

THE WORSTED BALL OR POM POM REFERRED TO IN THE
DISSECTED VIEW IS NOW REPLACED BY FELT PADS
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and well-directed blows with a heavy hammer will be more
effective in starting an obstinate bolt than many blows with a
light one, and will be less likely to damage the bolt ends. The
sequence for dismantling the various portions of the big end
should be as follows : First loosen the main cotter, but do not
remove it from the strap ; then loosen big-end bolts, leaving them
in position. Disconnect the connecting rod from the gudgeon
pin, and lower the front end into the motion plate, or on to a
support placed across the slide bars. Then return to the big end ;
remove the bolts, lever the end of the rod out of the strap, and
lower it to the ground, taking eare to keep well clear of the strap
and brasses which may swing round quickly on the erank-pin as
the connecting rod comes clear. Finally, withdraw the cotter,
remove the glut, and work the front brass out of the strap, which
should then be lowered carefully to the ground with the back
brass still in position.

The illustration on p. 216 (Fig. 133) shows a big-end bearing of
the plain bush type which has been in use for many years on both
passenger and freight engines, and has given complete satisfaction.
The bush is made from special bronze alloy and is pressed into
the connecting rod from the front at a predetermined pressure.
As an additional precaution against the possibility of the bush
rotating in service, a key and keyway are provided on the centre
line of the bearing. The bush is lined with whitemetal, which
is applied on to a series of serrations machined on the inside face.
These serrations provide a more secure grip for the metal, and
assist in keying it in position.

The outside connecting rod shown in Fig. 134 has solid bronze
bushes at both crosshead and erank ends. The bushes are pressed
in with hydraulic pressure, and are fitted with keys to prevent
any turning within the rod. The bush at the crank end is also
held transversely by means of a set serew in the rod. White-
metal is east into pockets in the main bearing, and white sole
felt pads are fitted on the vertical eentre lines of both bearings.
The rod is made of nickel chrome steel, which allows a much
lighter section to be used, and shows a considerable saving in
total weight over rods of ordinary earbon steel.

The inside connecting rod (Fig. 135) is that of a three-cylinder
express engine, and has at its erank-pin end eircular split brasses
held to the forked end of the rod by a semicircular strap. The
rod is of nickel chrome steel of fluted section. The strap is of
carbon steel bent to shape to ensure continuous grain. The bolts
are integral with the strap and the lock nuts secured by cotters
are fitted. The thread of the bolts is of knuckle form. The
brasses are prevented from turning in the rod by a steel key.

The bearing is of bronze, split vertically, and provided with
pockets into which whitemetal is cast. Bars of bronze are left
to take the weight and thrust. White felt sole pads, held in
position by wires, retain the lubricant. The oil is fed through a
pin trimming from an oil box integral with the strap. The cross-
head end of the rod is fitted with a bronze bush pressed in, and
prevented from turning by a key. It is lubricated from the
gudgeon pin, and felt pads and oil grooves in the bush distribute
the oil over the bearing surface.
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Fic. 138.—NirrLES FoR HARD AND Sorr (JREASE.

During recent years, grease lubrication for locomotives has
progressed steadily. As a rule, hard grease is used for coupling
and econnecting rods and gudgeon pins, and soft grease for all
valve-motion pins and brake and spring rigging. Lubricant is
applied to the bearings by means of grease guns and special
nipples, in a manner similar to that adopted for motorcars.
Inevitably, some of the points to be-lubricated are somewhat
inaccessible, but this difficulty iz overcome by using jointed
flexible connections between the gun and the nipple. The guns,
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which are extremely simple to operate, are illustrated in Figs,
136 and 137. They represent the latest development of the
Tecalemit high-pressure lubrication for locomotives, and by their
use the various parts can be lubricated positively by feeding
hard grease under great pressure to the friction surfaces. As an
alternative to the hard-grease gun (Fig. 136) the Tecalemit hard-

grease pump can be used. This feeds the grease, in the form of

sticks or candles, through giant nipples into the locomotive
coupling and connecting rod bearings (Fig. 138).

As already stated, soft grease is used as a substitute for oil
for all parts of the valve gear and the brake and spring rigging.
The grease nipple suitable for all these parts is a small steel fitting
screwed into the various pins, joints, ete., and the gun used is that
illustrated in Fig. 137. Suitable channels or grooves are cut in
the rod bushes, and those of the valve gear, in order that the grease
may be evenly distributed around the bearings when it is forced
in at pressure by the grease gun. A considerable number of
locomotives for home and overseas service have been provided
with this equipment with successful results. Fig. 139 illustrates
the numerous points at which grease lubrication ean be applied
to a locomotive. Dots indicate soft-grease, and triangles hard-
grease application.

During recent years, considerable advances have been made
in connection with the metallurgical aspeet of locomotive design
and construction. The introduction of high tensile and other
special types of steel has made possible a reduction in the weight
of certain parts, while maintaining, and indeed increasing, resist-
ance to stress. This is particularly noticeable in the web portions
of coupling and connecting rods, and in the thickness of the plates
used in boiler and firebox construction. Higher driving stresses
in the one case, and higher steam pressures in the other, are pro-
vided for amply by rods and plates which are thinner than those
formerly used.

It cannot be over-emphasised that, if these lighter materials
had not been available, certain very large modern locomotives
would have exceeded the maximum weights permitted. An
example from the latest British practice—a 4-6-2 high-speed
streamlined engine—is as follows :—

Thickness of web portion of coupling and

connecting rods . : . . $in.
Thickness of boiler barrel plates (250 1b.
pressure) : . . . . fand § in.

These are only two examples from among many that could he
cited to illustrate the trend of practice in this direction,

G.W.R.

Frc. 140.—"“ Kixa " Crass 4-.6.0 Tyre Fovr-CyLINDER EXPrRESS LOCOMOTIVE

Mr C. B. Collett, O.B.E., Chief Mechanical Engineer (retired).

Total engine wheel-
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Tractive effort (at
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}in
rate area, 34-3 =q. ft.

king order, 135 tons 1
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Coupled wheelbase, 16 ft.
Total heating surface, 2,514 sq. ft.

Coupled wheels, 6 ft. 6 in. diameter.
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(‘HAPTER 9
VALVE EVENTS AND SETTING

A supe valve without either outside or inside lap is shown in
Fig. 142 with the full throw of the eccentric at 1 and the crank
at 4. The piston must therefore be at T in the eylinder. The
stroke of the engine is represented by the distance ST between
the points 2, 4 in the cirele deseribed by the erank. The valve
spindle is shown connected directly to a single eccentric without
the complication of a link motion or rocking shaft, and the
angularity of the eceentrie rod will be neglected.

Immediately the erank begins to turn in a forward direction,

5
% 3 the throw of the eccentric will begin to move the valve forward,
o £ E and the steam-way or port SP', as well as the port SP2 will
PR be opened by the valve at 8§ and O, admitting steam at 8 from
T B the steam or valve chest VO through SP' to the eylinder, and
- =% : . 3 : . 5 Ay
T the pressure exerted will foree the piston in the direction of F,
S - E as shown by the arrow in the eylinder. At the same time, SP*
. ® will be opened to I, the exhaust cavity of the valve, which is in

< d

direet  communication through E' with the blast pipe, thus
releasing the steam used in the preceding stroke.

With the full throw of the eccentric at 2 and the cerank at 1,
one quarter of a revolution will have been turned, so that with
this type of valve the ports are full open to steam and to exhaust
at half-stroke of the engine. Immediately on leaving the point 2
the eccentrie will begin to recede, thereby closing the ports, until
at 3 the valve will have returned to its middle position, with the
piston at I¥ and the erank at 2, completing the stroke, or one-half
a revolution. From 3 the eccentric will begin to open the
port SP* to steam at 8', the pressure returning the piston towards

. T in the eylinder with the exhaust escaping at SP to K, so that
with the eccentric at 4 and the crank at 3 the ports are fully open,
three-quarters of a revolution having been turned. From 4 the
eccentric will be closing the ports until 1 is reached, when the valve
will have returned to the first position with the crank at 4, thus
completing two strokes and one revolution.

The points 2 and 4 are known as the dead centres, because
at these points the valve is in its middle position, and prevents
any movement by covering the steam ports at both ends of the
eylinder.

When two evlinders are used in the locomotive the eranks
are generally placed at right angles, so that when in fore or back
gear it is impossible to have both valves in the middle position

3 in. diameter.

Total heating surface, :

Tractive effort (at 8

5 per cent. b.p.), 45,¢

Built by Beyer, Peacocl

led wheels, 5 ft.

Fic. 141.—Four-CynixpeER Garrarr Locomorive, 2-6-0-4-0-6-2 Tyre, LM.S.R.
Clc

lers (4) 184 in. by 26 in.
Boiler pressure, 190 1b, per sq .in.

order, 155 tons 10 cwt.

Cyl

£ at the same time, as one is always well open and sufficient to
e start the engine.

In following the movements of this early type of valve, which
has been quoted for the sake of simplicity, it will be seen that
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steam was admitted for the full length of the stroke. This could
only obtain for very low speeds, on account of the momentum
of the piston and other moving parts, which, at higher speeds,
would eause a violent shock to pass through the rods and erank-pin
or axle when brought up by the crank at the end of the stroke.
Moreover, the engine would soon *“ get out of breath."

A certain amount of valve lead was therefore introduced
by advancing the eccentric upon the axle, so that the steam edges
of the valve would be open a little when one erank was at 2 or 4,
and admit steam before the piston had reached the limit of its
stroke at T or F, and arrest the momentum by cushioning the
steam in the clearance spaces. Thus the amount that the steam
edges of the valve are open to the ports with the crank exactly
at 2 or 4 is known as * outside lead,” and is spoken of as the lead
of the valve. This may be anything up to + in., according to
the lap.

In moving the eccentric forward the exhaust edges of the
valve at O and O' would also open sooner, thereby giving an earlier
release, and so reducing the back pressure on the piston. The
valve, having no lap, would require to travel twice the width of
the ports to give a full port opening.

To measure the amount of valve travel that an eccentric will
give, take the distance from the centre of the axle to the centre
of the sheave and multiply by two. If fixed upon the axle,
subtract the narrow from the wide part of the sheave, and the
difference will give the amount of valve travel.

Slide valves as used today are always prolonged at 8 and S,
s0 that they overlap the steam ports at each end with the valve
in its middle position. The amount of this overlap from the
outside edges of the steam ports is known as outside lap or the
lap of the valve. The elastic properties of steam have already
been mentioned, and full advantage is taken of this in the use of
the lap by cutting off the steam at an early part of the stroke.
The economical results obtained with high-pressure steam and
an early cut-off will be referred to subsequently.

It will be seen from Fig. 143 that the position of the eccentrie
relative to the erank has been altered to obtain the proper point
of admission with the added lap on the valve, and as a consequence,
the eycle of valve operations or events will be considerably
changed. The amount by which the eccentrie is advanced from
its position at right angles to the erank, as in the old valve, is
known as the angle of advance, as shown at AN,

The effect of the lap should be studied carefully, and before
proceeding to follow the valve through its operations, the names
that are given to the various events should also be noted. The
point at which the valve begins to open the port to steam is
known as the point of admission. The point of cut-off is therefore
at the end of the period of admission, when the valve cuts off
the steam from the eylinder. A certain time elapses between
the point of cut-off and the opening of the exhaust or point of
release, during which the steam is expanding. This is known as
the period of expansion. The period of release is ended by the
point of compression, when the valve has returned and closed
the exhaust, so that the period of compression is from the time
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the exhaust has closed to the time that the valve opens to steam
at the point of admission. All these events oceur at both ends
of the eylinder during the course of one revolution, and will be
further explained by the use of a diagram later.

The length of the valve from S to S' is increased by the
addition of lap, so that to uncover the steam ports fully the
throw of the eccentric will need to be proportionately greater,
and the travel of valve required will be twice the width of the
ports plus the amount that the outside edges of the steam ports
are overlapped when the valve is in its middle position.

The work due to valve face friction, which has to be overcome
at each revolution, increases with the amount of the travel
The ports are therefore made as long as possible, with the width
reduced in proportion, so that a large area of port opening is
obtained with a correspondingly smaller amount of travel. By
advancing the eccentric upon the axle, so that the lap 8 will
allow steam to enter the eylinder from the steamchest with
the piston at T and the erank at 4 (Fig. 143), the cccentrie will
begin to recede relatively earlier in the course of the stroke.
This gives the early cut-off. The inereased length of the valve
face from the steaming edge S to the exhaust cavity 15 will
prevent the valve from opening to exhaust until this inereased
distance has been travelled, which gives the time for expansion
to take place between the point of cut-off and the point of release.
In the old valve, the point of release did not oceur until the piston
had reached the end of the stroke. In fact, the exhaust began
at one end of the eylinder simultaneously with the opening of the
port to steam at the other. In the valve with lap, however,
release must take place carlier by the amount that the eccentric
is advanced, and the exhaust will therefore begin before the
piston has reached the end of the stroke at F.  This early release
is of great assistance in a high-speed engine as it reduces the
back pressure upon the returning piston. It also follows that
the exhaust or period of release will be ended earlier, as the
point. of compression takes place before the piston has returned
to T, so that a certain amount of steam is retained and compressed
for cushioning behind the piston.

The amount of lap that is sometimes employed in valves for
high-speed engines is sufficient to give the necessary compression
without the use of lead, and the valves are therefore set with little
or no lead.

Valves are sometimes designed to give what is known as inside
lead. This means that the distance between O and O' is increased,
so that the exhaust cavity 15 will be open slightly to the inside
edges of both steam ports with the valve in its middle position.
With inside lead, the release will take place earlier, and the period
of expansion will be shortened by that amount. The point of
compression would also be later, so that for engines with excessive
back pressure inside lead would be useful by allowing an earlier
release of the steam from the eylinder, and by reduecing the amount
of eompression.

Inside lap is the opposite to inside lead, beeause the distance
between O and O' is shortened so that the face of the valve
overlaps the inside edges of the steam ports with the valve in
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middle position. The point of release would therefore be delayed,
and the point of compression would occur earlier, giving a longer
period of expansion and a correspondingly higher compression.,
For high-speed engines this late release would result almost
invariably in excessive back pressure. Inside lap is therefore
usually to be found only on the lower-speed engines.

Drivers are not called upon to set the valves, though a certain
amount of familiarity with some of the methods adopted, and the
points which determine the proper position of the eccentries, will
be of great assistance in cases of valve motion failure or slipped
eceentries by making the fault at once apparent. The eccentric
sheaves are usually secured to the driving axle at the required
advance before they are sent into the erecting shop, so that, after
the engine is wheeled and coupled, it is necessary only to adjust
the wvalves to equalise the lead at each end of the eylinder.
There are two methods of setting valves, one by equalising the
full port openings and the other by equalising the lead. The
compression is more regular at each end of the eylinder with an
equal lead, which is an important factor in a high-speed engine.
The equal lead method is undoubtedly the best, and any slight
irregularity in the full port opening may be neglected.

For measuring the lead of the valves with the cranks on the
centres, wood wedges tapered from § in. at the thick end to a
fine point at the thin end, and 3 in. long by about § in. wide,
are used frequently.  After the wedges have been planed smooth,
they are marked for a definite port and gear: for instance, the
RH front port fore gear RF/FP, or the LH front port back
wear LIB/FP, ete., as the case may be, so that there will be four
wedges marked for forward and four for backward gear. Means
are usually provided in the erecting shop for turning the driving
wheels without moving the engine, although a short piece of
straight road will suffice for obtaining the centres. The axleboxes
should be in their proper working position in the horn blocks, to
give little or no alteration in the obliquity of the rods, which
might change the relative positions of the valves and eceentries
under working conditions.

For setting the valves by the lead the dead centres 2 and 4
(Figs. 142 and 143) must be found. These should be obtained
carefully, as the valves travel rapidly when opening, and a slight
error in the centres would affect the position of the valves
seriously.  To obtain the dead centre, say, for example, at 4,
the crank should be turned a little above the centre. A mark
should then be made upon the face of the tyre by means of a
trammel with one leg at a centre pop mark upon the frameplate
or underside of the top footplating. To denote the position of
the slide block, a line should be seribed carefully across the side
of the slide block and bar. Next, turn the wheel past the centre
so that the slide block has travelled to the end of the stroke
and returned exactly to the mark upon the slide bar, when the
crank will be just the same distance below the centre that it
was above when the mark was first made. Another mark should
now be seribed upon the tyre with the trammels from the fixed
point upon the frame. Bisect the two lines upon the tyre with
dividers, and put a eentre pop mark upon the division line,
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The wheel should now be turned so that the centre pop mark
upon the biseclion comes exactly to one trammel leg with the
other leg in the fixed point, and the crank will be aceurately upon
the dead centre 4.

The other dead centres are obtained in the same manner, and
should be marked to their respective centres in chalk upon the
tyre RF, RB, LF, LB. Thus, for two ecylinders with cranks
at right angles, the tyre will be divided exactly into quarters if
all the centres have been ascertained correctly.

When the centres have been found the valves may be set.
Commencing, for instance, with the RH fore gear. front centre,
place the driving wheel with the trammels so that the RH erank
is at the centre 2, with the reversing lever or serew in full forward
gear. Insert the wedge marked RF/FP in the front port, pressing
it in so that the edge of the port will make a mark, which will
denote accurately the amount of lead. The driving wheel must
now be turned in the same direction as when running forward
until the crank is exactly on the centre 4, and the back port
wedge inserted in a similar way. By placing the wedges together
upon a surface plate any inequality of the lead will be shown
by the difference in the thickness of the wedges at the marks.
Assuming that the RF/FP measures { in., and the wedge for
the back port , in., the lead allowed in the fixing of the eccentries
will be } in., and the valve will therefore require adjusting to be
equal. To do this, take down the fore gear eccentric rod, and
shorten it by 4 in., thus increasing the opening at the front end
to § in. and decreasing the back opening to } in. This will give
an equal lead.

In some cases, the valves are set with the reversing screw
or lever placed at the moteh at which it is intended that the
engine shall work with an average load. By having the lever
in full forward or full backward gear the valves will be seen at
their smallest amount of lead, which is important when the
Stephenson link motion is used.

In some instances, a difficulty is experienced in getting at
the ports with the valves connected up, especially when the
steamchest is between the cylinders, as with inside eylinder
engines. To overcome this diffieulty the valve spindles are
disconnected, and with the steamchest covers removed, the
desired lead is obtained by inserting a piece of sheet metal or
feeler in the ports, or by adjusting the valve for a full port if
setting by the opening.

It is not suggested that Figs. 142 and 143 represent modern
practice, but together with their text from p. 225 to this point,
they have a considerable educational value.

With the valve set for lead or port opening in this manner,
a clearly marked line is seribed upon the valve spindle, or the
drag link from any fixed point upon the stuffing-box, by means
of the trammels. A mark is made for each end of the valve, and
when these have been checked carefully with the trammels, the
steamchest covers can be replaced. The valve spindle is con-
nected up, and the setting is done with the trammel, the lines
representing the valve position at its proper amount of lead or
port opening.
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When the steam is admitted into the eylinder by means of the
inside admission piston valve, the feeler cannot be used, as
it would be impossible, in many cases, to get at the inside edges
of the steam ports. Another method is therefore adopted, which
is also used frequently for setting the ordinary D slide or the
outside admission piston valve. Before the valves and covers
are placed in position, the port edges are measured carefully
and a wood staff or an iron template is marked to represent
exactly the position of the ports. Another staff or template
is made, upon which are marked the steaming edges of the
valves. The staff showing the ports is fixed in a convenient
position upon the outside of the eylinder or steamchest in such a
manner that the port edges upon the staff correspond with the
ports in the steamchest. After the valves and covers have been
fixed with the valve spindle econnected up, the staff representing
the edges 6f the valves is laid alongside the port staff and attached
temporarily to the outside end of the valve spindle, so that
the valve staff is made to travel over the port staff when the
wheels are turned. This gives an exact representation of what
is taking place in the steamchest, and the wvalves may be
set to it.

The position of the eccentrics relative to the cranks will be
altered considerably when inside admission valves are used,
since the travel of the valve when opening to steam would have
to be in an opposite direction to that for outside steaming
valves.

Many piston valves are actuated through a rocking shaft,
which has arms above connected to the valve spindles, and arms
below connected to the quadrant blocks, so that the motion
derived from the eccentrics is reversed at the valve spindles.
In this case, the angular advance of the eccentrics is practically
the same as for outside admission valves without rockers. This
intervention of a rocking shaft (see Fig. 98, p. 176) with arms
above and below also affects materially the position of the
eceentrics for outside admission valves, because the valve spindles
will he travelling backward in the direction of the driving axle
when the eceentric rods are travelling forward, and the eccentries
have to be set aeccordingly. In short, the eccentrics would be
approximately in the same position for inside admission without
a rocker as for outside admission valves when actuated through
a rocker. On the other hand, the position of the eccentrics for
inside admission valves with a rocker would be roughly the same
as for outside admission, when coupled up direet without the
intervention of a rocker.

These last few points have been emphasised because they are
important, and if noted carefully would enable a driver to tell,
from the position of the eccentrics and the presence or absence
of a rocker, whether his valves are inside or outside admission.
The fore gear eccentries, for instance, would be leading the
cranks in fore gear for outside admission valves without a rocker,
and also for inside admission with a rocker. The eccentries
would, however, require to be set for a contrary motion for
inside admission without a rocker and outside admission with a
rocker, and would therefore appear to be following the cranks.
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When the changed eccentric positions due to these various

conditions are grasped properly, a slipped eccentric would easily
be apparent by its position in relation to the erank.

The following details show the effect upon the valves when

notching up with a Stephenson link motion in a passenger engine :—

Throw of eceentries, 63 in.

Lap of valves, 1 in.

Inside lead of valves, 1, in.

Travel of valves in back gear, 4 5, in.
Travel of valves in fore gear, 47, in.
Angle of eccentries in fore gear, 1064,
Angle of eceentries in back gear, 10657,

‘L Lead. ‘ Opening. Cut-off.
Giear.

| B | ® | B | F® |'B |FR

[ in in. in in
Forward full . . W 1] 1} 1% 734 5
Forward 3 . ] ¥g - 1f 4 62] 65
Forward 2 } ™ 3 1 46} 481
Forward 1 i i ™ 1 | 25} 254
Backward full i 14% 14l T4l 7t
Backward 3 W'y ¥ 3 f. 1 G} 65}
Backward 2 | i A Ya 47} 18]
Backward 1 1 ] H } £ 261 26

When setting valves with Joy's gear (see p. 165) it should
be remembered that the height of the axleboxes in the horn blocks
has a more direct effect upon the valve positions than with the
link motion, and ecare should be taken to fix the axle at the
proper height for which the gear was designed.  The dead centres
are obtained as before, but the method of adjusting the lead is
altogether different, as there are no fore and back gear eccentrie
rods, and only one valve rod, to each eylinder. Assuming that
the front port required elosing in forward gear and opening for
the backward gear, the impossibility of altering the single valve
rod to suit both cases will be evident. The adjustment is therefore
done by varying the height of the reversing shaft, in conjunetion
with the alteration to the length of the valve rod.

The effect of raising or lowering the reversing-shaft may be
summed up thus —

To eclose the front port and open the back port in forward
gear, or to open the front port and close the back port in backward
gear—drop the shaft.

To open the front port and close the back port in forward
gear, or to close the front port and open the back port in backward
gear—raise the shaft.

The following are approximately the usual port openings
8a
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when using Joy’s gear with a lap of 1 in. and a constant lead
of § in. :—

Travel of valves in fore gear, 4} in.

Travel of valves in back gear, 4§ in.

Fore gear, front port, 157 in.

Fore gear, back port, 1, in.

Back gear, front port, 1 in.

Back gear, back port, 1§ in.

It is necessary sometimes to test the valves and pistons of
locomotives for leakage, and what is known as the mid-stroke
method of setting, i.e., with the crank under test on the top or
bottom quarter, may next be deseribed. This setting, used on
the L.M.S.R., is probably the most reliable that can be devised
for two and three-cylinder simple engines, because only one
eylinder is tested at a time and the chances of error are reduced
accordingly.

To give complete reliability, however, it is important that
all cylinders should be tested in turn, for under certain con-
ditions, conelusions drawn from a test made on one eylinder
only may be quite incorrect, due to the presence of defeets in
the other eylinder. In the ease of four-cylinder engines, the
adjacent inside and outside eylinders will be tested simultaneously
by this method, and it is therefore difficult to locate the exaet
cause of trouble from the indication given, without considerable
experience. In faet, with this type of engine, whatever erank
setting is employed for testing purposes, at least two cylinders
will have to be taken into account.

The prineiple of this test is that with the piston at mid-stroke
and the reversing lever in mid-gear position, both cylinder ports
will be covered by the valve. In full forward and full backward
gear, the front or back eylinder port will be opened to steam and
the opposite port to exhaust. If the bottom quarter setting is
used, placing the lever in forward gear will open the front port to
steam and the back one to exhaust, and with the lever in
backward gear the back port is open to steam and the front to
exhaust. When the erank is on top quarter, the order of port
opening to steam and exhaust is the reverse of that given above.
[t is quite immaterial and largely a matter of opinion which
erank setting is used, but some prefer to use the bottom quarter
setting, beeause it is considered to be a more straightforward
arrangement to have the front port open to steam in forward
gear and the back port in back gear. For this reason the bottom
quarter setting will be considered in the following paragraphs.

The drawing, Fig. 145, shows the relative positions of the pistons
and valves in a two-cylinder engine set for testing the L.H. side with
the L.H. erank on bottom quarter and the reversing lever in mid
gear. The R.H. erank, it should be noted, is on the back dead
centre. To carry out the test, close the eylinder cocks, apply the
steam brake, and open the regulator to about first valve position.
When the reversing gear is moved, if a blow occurs up the chimney
in full forward gear, ceases when in mid-gear, and starts again
in full back gear, leakage past the L.H. piston is indicated. If
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the blow oceurs in forward gear but not in mid or back gear, a
eracked front port bar on a slide valve engine, or a damaged front
valve liner in the case of a piston valve engine, is indicated.
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Similarly, a blow obtained in back gear only indieates a defeet
in the back port bar or valve liner respectively.

A continuous blow up the chimney obtained in all positions
of the lever generally indicates that the wvalve under test is
blowing through, but a similar indication will be obtained on
two-eylinder engines arising from a defective piston on the
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opposite side, where the back port will be open to lead and the
front to exhaust, as shown, for all settings of the lever with
the engine in this position. Consequently if this indication is
obtained, reset the engine to test the opposite side in order to
prove the other piston before deciding finally upon the cause of
the trouble. If the valve and piston under test are in good order,
no blow will be obtained from the chimney in any position of the
gear, but a single and well-defined beat will be heard as the lever

Fia. 146.—Doppie-McINsEs INDICATOR FOR LOCOMOTIVES,

is pulled over from forward to backward gear with the regulator
open, and viee versa.,

The bottom quarter crank setting can also be employed to
deteet and locate a broken valve lap. 1In this case, close the
cylinder eocks, open the regulator with the brake applied and the
lever in mid-gear position. If on releasing the brake the engine
moves forward, a front lap is broken, and if it moves backwards a
back lap will be defective.

The results of * notehing-up,” or increasing the lap, will
best be explained by the use of the indicator diagram.
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This diagram is a record of the actual distribution of the steam
at one end of the eylinder during one revolution, and is obtained
by connecting the indicator to suitable cocks, which are fitted
into holes specially drilled to communicate with the clearance
spaces at each end of the eylinders.,

The indicator shown in Fig. 146 is specially designed for use
on locomotives and other high-speed engines.

This instrument is supplied by the firm of Dobbie Melnnes
Ltd., Glasgow, and is known as the * Dobbie-Melnnes Cippolini ™
continuous double diagram indicator. The apparatus automatic-

B,

Fii. 147.—Crospy “ StaNparnp ™
INpicaTor wiTH INSIDE SeRriNa,

ally records, by means of diagrams, the true average pressure
in the evlinder, and consists of two indicator eylinders, with
pistons and parallel motions of the ** Dobbie-Melnnes ™ type,
with pressure springs exterior to the steam eylinders.

Both pencil arms L point to the same drum, which contains
a roll of metallic paper carried from a spindle, between rollers,
round the drum and re-entered to another spindle.

The cord D is attached to some suitable moving part of the
engine so that the drum reciprocates at each stroke, and the
pencils rise and fall when the indieator cocks are opened.

By means of an internal mechanism the spindle E is lifted
upward, and thus imparts a motion to the cam F, which
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thereby propels the ratchet wheel G one tooth forward for every
revolution. ’

The mechanism is so arranged that the length of the paper
oceupied by the diagram previously obtained is drawn forward

Fia. 48, —Crosey “New No. 2" Tyre INDICATOR
WITH OUTSIDE SPRING.

into the drum, thus automatically leaving another portion of the
same paper ready for the next set of diagrams. . ‘
) _J‘h(' cam H determines the diagram intervals, and each
indieator is supplied with interval wheels to give ('liu.gmms at
every 25, 50 and 100 revolutions. On the indicator shown, with
the engine running at 100 revolutions, double diagrams 'would
be taken automatically at every half-minute.
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Arrangements are also made whereby the time occupied during
the test is electrically registered by means of a simple timing
apparatus in conjunction with the clectrical contact conneetion
provided for the purpose.

It will be evident that, by the use of this type of indicator,
pressure diagrams may be taken simultaneously and automatically
from both ends of the engine eylinder, together with time and
revolution diagrams. Since these diagrams are automatically
repeated at exact intervals, any variation in the running con-
ditions is shown by comparison, and a true average is therefore
obtained.

The special feature of the Crosby indicator is the use of a
double-coil spiral spring very carefully calibrated. This form of
spring enables the strains to which it is subjected to be transmitted
from the centre of the piston through a ball-and-socket joint.
The spring is made of a single piece of wire wound from the
eentre into a double coil, the ends of which are securely held in
a suitable head-piece. The Crosby * Standard ™ indicator (Fig.
147) has the piston of eylindrical shape provided with grooves,
and the spring is fitted inside the housing. The instrument, as
manufactured for standard serviece, has a drum 1} in. diameter,
which is the correct size for high-speed work, and answers equally
well for low speeds.

The ** New No. 2 outside-spring type indicator (Fig. 148), as
its name implies, has the spring mounted outside the eylinder,
where it is detached and replaced casily, and where it is removed
from any effect of heat. This makes the instrument specially
suitable for use on superheated steam.  Another novel feature in
this indicator is the piston. It is spherical in shape, an arrange-
ment which practically eliminates eylinder friction. The piston
is connected to the pencil mechanism by a rod ending in a ball-
and-socket joint in the centre of the piston. With both types of
instrument, adjustment is provided for altering the position of
the pencil lever on the paper.

It is of interest to note that Crosby indicators of the ** New
No. 2 " outside-spring type have been used by both the LN.E.R.
and the LM.S.R. for tests with streamlined locomotives.

Fig. 149 is a diagram taken from an engine running at 50 revs,
per min.  The piston has travelled in the direction shown by the
arrow.

The line F, T is made by the pencil upon the paper held by
the rotating drum before the steam is admitted to the indicator
eylinder. and therefore represents the atmospheric  pressure.
The length of this line also denotes the length of the stroke, since
the motion of the drum is obtained from some reciprocating
parts of the engine-levers, or drums of different diameters are
used for reducing correctly the amount of movement, to give &
convenient length of diagram. It will thus be seen that two
independent movements are recorded upon the paper. One is
longitudinal and due to the stroke, and the other vertical at the
peneil point, due to the pressure in the eylinder. The line drawn
by the pencil upon the paper therefore denotes the pressure
exactly relative to the st roke, if a vertical line is drawn through
the diagram from the atmospheric line F, T.
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At the point of admission, or 1’ on the diagram, the slide
valve admits steam to the cylinder and instantly compresses
the spring, thus forcing the pencil point. upward until the full,
or initial, pressure is reached at 2. The valve is still opening
and closing until the point of eut-off occurs at 3’, when the valve
is closed to steam, so that from 2’ to 3%’ gives the period of
admission relative to the stroke. From 3’ to 4’ is the period of
expansion, with the pressure falling gradually as the steam,
in following up the piston, is expanding and filling the increasing
volume of the cylinder, until the exhaust opens at 4', which gives
the point of release.  The pressure immediately falls to near the
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atmospherie line, and remains there until the piston has returned
to 57, where the exhaust closes and gives the point of compression.,
From this point the pressure rises during compression until 1’
is reached with the valve again opening to steam.

In Fig. 149 the admission line rises until 100 b, pressure
per sq. in. is indieated, and the divisions in the diagram represent
a sulliciently accurate method of obtaining the average pressure.
The height of the diagram is measured with a proper seale ; and
the heights added together and divided by 10 (the number of the
divisions) give an average pressure of 58:6 lb. The point of
cut-off occurred at 25 per cent., or one quarter of the stroke. If
steam were admitted during the whole stroke at 100 b, the
average pressure would be 100 lb., which, instead of being four
times greater, is not even double the average pressure which was
obtained when only one-fourth the amount of steam was used.
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The application of the foregoing is obvious and demonstrates
that the higher initial pressures combined with an early cut-off
must tend to economical working. Many drivers, for instance,
do not believe that the best results are obtained with the regu-
lator full open. That engines differ is well known, and notching
up too near mid-gear with the regulator full open may cause
pounding in the rods, boxes, and journals. It should be remem-
bered, however, that the modern engine is designed specially to
withstand these high initial pressures, and the driver should adjust
the point of cut-off by means of the variable lap placed at his
disposal in the reversing gear.
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The comparative efficiencies of the various points of cut-off
are approximately as follow :

i of stroke . : : . 126 relative efficiency.
S ; : y 162 .. .
] 5 . : : . 218, "
L 2:51 .. N

Provided that the average pressure is sufficient to do the
work required, a cut-off at ] stroke is approximately twice as
efficient as a cut-off at §, so that the earlier cut-off should result
in a substantial saving in coal.

The dotted lines in Fig. 150 show the defects due to inefficient
admission of steam or faulty wvalve setting exposed by the
indicator. The sloping dotted admission line from 1’ to 2 would
oceur if the valve were too late, the piston having commenced
the stroke before the full initial pressure was reached : and a
valve that was too early would show a line rising from the



242 LOCOMOTIVE MANAGEMENT

compression at the point of admission sloping in the other
direction.

The inclined dotted line from 2° to 3° would be produced
by wire-drawing, and denotes a throttled admission. If the
point of release occurs too early, it will be denoted by the line
falling abruptly from the expansion line before the point 4 is
reached, and a late exhaust will be shown approximately by the
dotted line leaving 4 in such a manner that the normal back
pressure is not attained until the piston has accomplished a
porlion of the return stroke. When the exhaust closes too m].l'ly
an excessive compression oceurs, and causes a premature rise in
pressure, as shown by the dotted line before the point 5. In
many instances the excessive compression generated exceeds
the actual boiler pressure, as denoted by the peculiar loop at 27
on the admission line. When this takes place, pounding is likely
to occur in the rods, boxes, and journals. If the exhaust closes
too late, a comparatively sharp curve will be shown between 5
and 1, as the compression will be small, and imperfect cushioning
will result. The proper amount of compression is between the
two extremes, and has an important bearing upon the efficiency
of the engine. Take, for instance, the admission of steam from
the boiler at 150 lb. pressure with a temperature about 366° F.
into a space which contained steam at, say, 10 lb. pressure, the
temperature of which is only about 240° F. A certain proportion
of the live steam would be condensed in raising the temperature
of the lower pressure steam and eylinder walls, ete. This loss
due to condensation is avoided to a certain extent as the pressure
due to eompression approaches the pressure of the entering
steam, and so tends to equalise the temperatures. It should
be noted that not only is an efficient compression good for
cushioning, but that the compressed steam is again expanded,
and assists in the following stroke.
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('‘HAPTER 10
COMPOUND LOCOMOTIVES

AvraovcH compound locomotives are still used both in this
country and abroad, and more particularly on certain European
railways, the general tendency nowadays is to build locomotives
on the single-expansion system with from two to four eylinders
using steam at boiler pressure. Indeed, in modern practice, so
far as new construction is concerned, the compound to all intents
and purposes has disappeared from British railways.

A compound locomotive is one in which the steam at boiler
prossure is admitted first to one or more high-pressure (h.p.)
eylinders and exhausted into one or more larger diameter low-
pressure (Lp.) eylinders, from which it is exhausted finally into
the atmosphere, thus having done its work twice over. The
arrangement of the high and low pressure cylinders may be
varied to suit the ideas of the designer ; there may be two h.p.
eylinders exhausting into two Lp. eylinders, or one h.p. into two
L.p.. or two h.p. into one Lp., and so on, but the expansive
action of the steam is the same in every case, and the end in view
remains unaltered.  The exhaust from the h.p. eylinder may be
passed direetly into the Lp. eylinder, or into a receiver which
practically forms part of the Lp. steam chest. For the former
method it is essential that each crank shall be set at a proper angle
apart, as admission to the Lp. must be simultancous with
exhaust from the h.p. eylinder. When the h.p. exhaust is dis-
charged into a receiver, the eranks may be set at any convenient
angle apart, and the points of cut-off in both the h.p. and Lp.
eylinders, therefore, may be adjusted to obtain the most efficient

expansion.

This flexibility in the valve adjustment is of g
as the loss or fall of temperature and work performed may be
divided more equally between each eylinder ; hence the greater

eat importance,

popularity of the latter method.

Then, again, steam at boiler pressure, sometimes termed
“live " steam in this connection, may be admitted direct to the
l.p. eylinder or cylinders for increasing the tractive effort at
starting. A “ change 7 valve is used for this purpose, which in
the ordinary way does not operate, i.e., when working compound.
Such admission of live instead of exhaust steam from the h.p.
inders can be indulged in only temporarily, as the Lp. eylinders
are of greater capacity than the h.p. eylinders. It would be
uneconomical and a severe strain on the boiler if the Lp. eylinders
were supplied with h.p. steam for any length of time.

When h.p. steam is admitted to a single-expansion engine
an early cut-off is necessary to obtain the advantage derived by
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expansive working, and for exhaust to take place at a sufficiently
low pressure. A very large force of initial pressure is exerted,
therefore, at the beginning of every stroke, which is diminished
gradually with a corresponding fall of temperature as the point
of exhaust is approached. The great reduction of loss from
condensation is the most important saving in compound engines,
more especially with the high boiler pressures which obtain in
modern practice.

Practically the same number of expansions can be obtained
with simple as with compound expansion, provided the cut-off
be sufficiently early. On the other hand, this early cut-off,
besides setting up excessive mechanical stresses in the engine
parts, considerably increases the condensation losses,

The temperature of admission, for example, in a single
expansion engine would be about 379° F., with a working boiler
pressure of 180 lb. per sq. in. After cut-off takes place the
pressure, and therefore the temperature, must be reduced rapidly
to allow for expansion and to avoid a waste of energy at the
end of each stroke by exhausting at the lowest possible pressure.
The temperature at exhaust. therefore, must approach that of
steam at atmospherie pressure and for the purpose of illustration
may be taken at about 220° F., or 159° F. below the temperature
of admission.

These variations of temperature are transmitted to the
cylinder walls, and the entering steam, therefore, is brought into
contact with metal which has been subjected just previously
to the cooling influence of steam at exhaust temperature ; hence
the loss from condensation at the beginning of each stroke.
It will be seen that some of the h.p. steam must be condensed
in re-heating the ecylinder walls, and although some portion
of the econdensation will re-evaporate at the lower pressures
during expansion, a large amount will be discharged into the
atmosphere at each exhaust in the form of moisture or heavily
saturated steam.

In addition to the economy derived from dividing this fall of
temperature between two or more cylinders, a further saving is
effected when compounding by adopting the modern high steam
pressures.

The relatively greater economy of h.p. steam may be denoted
by comparing the units of heat required to raise the temperature
of water and steam.

To raise the temperature of 1 1h. of steam from water at
32° to 212° F. at atmospheric pressure, 1146-1 units of heat
are required, and further to raise the temperature to 327-9° F.
or 100 1b. pressure, 1181-4, or only 35-3 additional units of heat,
are necessary. By again adding 16-4 or a total of 1197-8 units
of heat per pound of steam, 381-7° F. or 200 Ib. pressure is
attained, thus doubling the power available for admission to
the eylinders by a very small additional expenditure of coal
per pound of steam. The relatively greater economy of h.p.
steam is, therefore, at once apparent, and is a fact so well
established that pressures up to 300 Ib. per sq. in. with triple
and even quadruple-expansion engines are  fairly common  in
marine engineering practice.
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The efficiency of the compound always is dependent greatly
on the design of the engine, more especially with regard to the
proper ratios of the h.p. and Lp. eylinders. The capacity of
the receiver or steam passages also should be designed properly
for the avoidance of * drop ™ or loss of pressure between that of
h.p. exhaust and the amount of energy exerted upon the Lp.
piston. The area or volume of the Lp. eylinder and receiver
15 designed, therefore, with a view to receiving the exhaust steam
from the h.p. eylinder at a given volume with a corresponding
amount of back pressure upon the h.p. piston ; hence the larger
diameter of the Lp. eylinder. 1If, for instance, the cylinders were
made equal in area, the steam of the second eylinder would exert
only a force equal to the back pressure of the h.p. piston, and
the second cylinder with the whole of its gear would be worse
than useless. The pressure of the h.p. exhaust, however, may
be considerably higher than with simple expansion engines,
as its energy is afterwards abstracted in the 1.p. eylinder before
being finally exhausted into the atmosphere.

It has been argued that a compound locomotive can never be
really satisfactory unless used in conjunction with a condenser,
by which the exhaust steam can be re-converted into feed water
and the condensate used for raising more steam in the boiler.
Many compound locomotives were constructed on this principle
in earlier times, but the weight of the condensing apparatus
and the general complication entailed were considered too great
a disadvantage, and therefore in ordinary practice compound
locomotives are built without condensers.

Compound locomotives have been built in a variety of forms,
some with two, and others with three or four eylinders, in what
may be termed * normal " practice. Similarly the location of
the cylinders has been varied and practically every combination
has been used ; that is to say, two-cylinder engines with both
h.p. and Lp. eylinders between the frames, and in other cases
outside the frames. The inside position, with the eylinders driving
on the crank axle, was not very convenient, because of the diffieulty
of providing space between the frames for a Lp. eylinder of large
diameter. The outside eylinder position, a lop-sided arrangement
with one eylinder much larger than the other, caused difficulties
in respect of platform clearance on the Lp. side.

The three-cylinder compound arrangement lends itself with
greater convenience to locomotive conditions. In some ecases
engines have been built with two h.p. and one Lp. eylinders, and
in others with one h.p. and two Lp. eylinders. In the former
case, with the steam exhausting direct from the Lp. eylinder to
the atmosphere, the somewhat curious effect of two beats for
cach revolution of the driving wheels instead of the usual four is
obtained, as in the case of two-cylinder compounds.

The L.M.S.R. has in service a number of 4-4-0 type express
engines of the three-cylinder compound type, and the Figs. 154
and 156 show the eylinder arrangement of these engines in each
case from the front end. They are capable of working fast trains
up to 350 tons loading behind the tender, and, generally speaking,
have given satisfactory results within their capacity. This
class of locomotive has one h.p. eylinder between the frames

COMPOUND LOCOMOTIVES 249

1. 154.—CROoSS-SECTION THROUGH CYLINDERS AND SMOKEBOX,
Turee-CyLixper Compovsp Locomorive, LAMS.R,
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19-in. dia.x 26-in. stroke, and two Lp. eylinders outside the
frames 21-in. dia. % 26-in. stroke, all three cylinders driving
the leading coupled wheels.  As in all compound locomotives,
some provision has to be made for working * simple ” when the
engine starts away from rest, a point referred to on p. 245, and
in this particular design it takes the simplest possible form. The
engine is provided with a specially designed regulator valve
(Fig. 155) which has additional ports incorporated in it, so that
in certain positions of the regulator handle steam is admitted
direct to the Lp. eylinders. When starting the locomotive,
therefore, the regulator handle is put into a position corresponding
to Nos. 3 and 4, shown on the diagram (Fig. 157), which allows

AuxiLiary
STEAM PIPE
TOL.P.
STEAM CHEST

Fra., 155 —REGULATOR AND AUXILIARY STEAM Prek,
Comprounnp Locomomive, LMS.R.

a full opening of the port through a pilot valve and into the upper
chamber of the regulator marked A, from which it passes to the
eylinder through a special auxiliary steam pipe of small diameter
(Figs. 154 and 155) leading to the steamchest supplying steam
to the outside Lp. eylinders.

At the same time and by the same movement of the regulator
handle a limited supply of steam passes through additional ports
in the pilot valve and thence through the main steam pipe to the
h.p. steamchest in the eylinder. When the regulator valve is
opened more fully the steam passage to the Lp. receiver through
the auxiliary steam pipe is closed and the steam is admitted only
through the main steam pipe to the h.p. receiver and thence by
the movement of the h.p. piston valve to the h.p. eylinder. Once
having done its work it is exhausted into the l.p. receiver, and
finally works in the Lp. eylinder before being exhausted through
the blast pipe into the atmosphere, thus establishing  full
compound working.

COMPOUND LOCOMOTIVES 251

When starting, excess pressure on the 1-thl§t .ﬁi{il‘- of the h.p.
piston may occur from certain positions, and this is ]Jl'(‘\'l'll“!(‘l by
the lifting of simple non-return valves, one fitted at the front
and one at the back end of the h.p. cylinder casting, so that
the engine starts working as a simple engine with steam direct
from the boiler acting on each lLp. piston, and steam at a

Fie,  166.—View or Fronxr Exp, LMS.R. THREE-CYLINDER
Comrousp Locomorive, smowise H.P. axp L.P. CYLINDERS
AND STEAMCHESTS,

pressure proportionate to the difference between that in the h.p.
and the Lp. receivers acting upon the h.p. piston. _Af'lvr starting
it is important that as soon as the engine and train have gained
sufficient speed the regulator handle should be put over to the
fully opened position, so that full advantage is taken of compound
working. .

Sngines built on the same system, but without the valve
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arrangement above referred to, were used formerly on the erstwhile
North Eastern and Great Central railways. Four-cylinder
compounds have been used in this country and more widely
abroad, and here again the relative positions of the Lp. and h.p.
eylinders have been varied.

Many times it has been demonstrated clearly under actual
working conditions that for certain classes of work the compound
is undoubtedly more economical in coal and water consumption
than the single-expansion locomotive engine. A gradual rise in

" oreNie ——

ST SRR RN B R Iy

L.H. DRIVE Al

REFERENCE” 4 paSSAGE 10 AUXILIARY PIPE TO L.P STEAM CHEST
B. PASSACE TO MAIN STEAM PIPE

Fra, 157.—Diacram suowise Merson oF ApMitTiNG LIve STEAM
o L.P. Cyvraxpers, Comrovsn Locomorve, LMS.R.

boiler pressures has heen coineident also with improvements in
the compound locomotive, until today working pressures of
over 350 Ib. per sq. in. may be found in a number of examples
abroad.

The advantages derived from compounding under suitable
conditions may be summarised briefly as follow :

1. Expansion in two or more cylinders, thereby reducing
condensation losses.

2. Increase of power from a given quantity of steam, which is
equivalent to increased boiler capacity.
3. Reduced valve leakage losses.

4. Greater uniformity of crank effort with a resultant reduction
of excessive stresses in the engine parts.

COMPOUND LOCOMOTIVES 253

5. Lighter or more steady blast : hence reduced loss of fuel
and danger from ejected sparks, and =o on.

6. Redueced amount of coal and water to be hauled in tender
for a given amount of work.

In addition to several minor ones, the following are the
important disadvantages of compounding :—

1. Inecreased cost of construction.

2. Inereased risks beeause of multiplicity of engine parts.

3. Increased cost of upkeep and repairs.

4. Inereased cost for lubricants.

5. Uneconomical eylinder ratios because of varying duties of
engine.

1t should be pointed out, however, that when rv\'i::wml strietly
in accordance with what may be termed * modern ™ locomotive
practice, covering three and four-cylinder single-expansion
locomotives the boilers of which carry high steam pressures
combined with advanced superheat, the above tabulated matter
for and against the compound must be read with some reserve.
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C'HAPTER 11
SUPERHEATED STEAM

Tare economy of superheated steam now has been proved con-
clusively, and today the practice of equipping locomotives with
superheating apparatus has become virtually standard. It is
evident that the size of the largest locomotive boilers has reached
the loading gauge limit, and any gain in power to meet the con-
stantly inereasing traffic demands for higher speeds and heavier
trains will be dependent greatly, therefore, on a more economical
use of the steam generated.

Steam is said to be superheated when its temperature has
been raised above that of the water from which it is formed.
The term ™ saturated ™ is applied to steam when in contact with
the water in the boiler, under which conditions its temperature
cannot be raised without a corresponding increase of pressure.
If additional heat be applied to the steam after it has left contact
with the water its temperature may be raised and a constant
pressure maintained by allowing for the increase of volume.
This larger volume is provided for by placing the superheater
between the regulator and engine eylinders, in which case further
heating of the steam occeurs without an inerease in pressure,

The advantages of superheating are briefly :—(1) Larger
production of steam, as a given volume of saturated steam in-
creases in volume when superheated.  (2) Reduction of losses
from eylinder condensation. (3) More efficient expansive behaviour
of the steam in the cylinder.

1. The larger production of steam is equivalent to an increase
in the size of the boiler. Experimental and practical trials have
demonstrated that the volume of saturated steam delivered by the
boiler may be increased by 33 per cent. with 2007 F. of superheat.

2. The great reduction of losses from condensation is the
most important saving effected by the use of superheated steam.
It has been caleulated that from 20 to 30 per cent. of the steam
entering the eylinder in a simple expansion engine may be con-
densed by contact with the low exhaust temperature of the
eylinder walls, The prevention of this large amount of condensa-
tion would be equal, therefore, to an inerease in the boiler
capacity according to the amount of saving effected. By super-
heating, the temperature of the steam above that of saturation
point is available for counteracting the cooling influence of
expansion, and condensation does not begin until the superheat
has been extracted. If, for instance, the temperature of the
steam at admission be 5007 F., instead of 3807 F. (the temperature
of saturated steam at 180 Ib. pressure), the 1207 F. above saturation
temperature represents the amount of heat that could be lost
before liquefaction began.  Modern superheating practice shows

9 257
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the advisability of making the initial steam temperature suffi-
ciently high to ensure that there is still some superheat when
released from the eylinder.

Because of the eclimination of initial condensation and the
increased volume of steam from the water evaporated, super-
heating is a great saver in coal and water consumption.

3. The vapour characteristic of the steam is changed to one
of & more gaseous nature, thus improving the expansive action
of the steam in the eylinder. It has been found that a given
weight of superheated steam will transmit a larger amount of
energy than a similar weight of steam at saturation temperature.
The frictional resistance of the steam as it traverses the pipe or
port passages also is much reduced when in this gaseous state,
with a corresponding decrease in condensation, as the flow may
be much more rapid. Its heat conductivity as compared with
saturated steam also is reduced considerably, hence a further
reduction in the amount of heat lost by transmission to the
cylinder metal.

These and other advantages may be briefly summarised as :
(1) reduction of risks and losses from priming, by the evaporation
of any moisture that may be carried along with the steam from
the boiler; (2) reduction in the size of the boiler for a given load,
or a 20 to 30 per cent. reduction in the pressure carried, with a
corresponding decrease in the cost of upkeep and prolongation of
the life of the boiler.

Various types of superheating equipment are in use on boilers
for stationary engine plant, ships, and locomotives, and probably
one of the best known and most widely used systems applied to
locomotive work is that manufactured by The Superheater Co.
Ltd., under the trade mark * MeLeSco.” This is a header carried
in the smokebox, above the level of the top row of tubes, and
joined by means of a flange on the front tubeplate to the main
steam pipe from the boiler. Flanges on the front of the header
conneet up to the main pipes leading to the steamchests. The
header is divided into a series of small compartments. Half of
these receive the steam as it enters the header from the main
steam pipe from the boiler, and give access to the superheater
olements which lead from the underside of the header into the
superheater flue tubes in the boiler. The superheater elements
usually are formed in such a way that the saturated steam to be
superheated is fed first towards the firebox end of the flue, is

returned by a bend to within a short distance of the front end of
the flue, and again returns to a second bend at the firebox end.
It passes back along the fourth portion of the element piping to
rejoin the underside of the header and enter the remaining half
of the compartments, which communicate by way of the main
steam pipes in the smokebox to the valves and eylinders. During
its passage from the first, or saturated steam compartments,
through the elements to the second, or superheated steam com-
partments, the steam has been freed entirely from moisture,
and the temperature has been raised or, in other words, it has
become superheated.  Superheating equipment arranged in the
manner deseribed is known as the smoketube type, and different
types of header are used to suit various classes of smokebox.

!
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The most widely used method of connecting the element ends to
the undersides of these headers is by the ball-joint attachment.
A typical example of this type of superheater is shown in Fig. 160
and in the frontispicee of this chapter.

The through bolt insulated header, type * AX." is shown
in Fig. 161. The casting is divided into transverse pockets or

Fie. 161.—Typrr “ A.X.” SurerHeEATER HEADER.

|_.

Fig. 162—Tne “ MeLeSco ” Murriene VALvE REGULATOR.

compartments communicating alternately with the superheated
and saturated longitudinal steam passages situated at the front
and rear of the header. The compartments in the header arve
isolated from one another by passages or slots, and thus unequal
expansion of the metal of the alternating Hﬂt.ll}‘l‘tll‘(l and super-
heated steam compartments can take place without danger of
the metal fracturing because of the varying temperatures.  These
passages or slots are used for housing the bolts which secure
the elements to the face of the header, the tee-heads of the bolts

SUPERHEATED STEAM 261

lying in a horizontal plane above the header and the nuts below,
or vice versa.

Fig. 162 shows a general arrangement of the ™ MeLeSco ™
Multiple Valve Regulator. It consists of three chambers in the
forward part of the superheater header, each extending transversely
across the front and arranged one above the other. The upper
chamber is part of the superheated steam compartment of the
header, and has a flanged connection at one end for supplying
superheated steam to the auxiliaries. The middle chamber is
in direet connection with the main eylinder steam pipes, and
the third or lowest chamber is used for balancing purposes and
has no outside connection other than that for draining the
chamber.

The valves, which are of comparatively small diameter, are
operated by a camshaft in a similar manner to those on a motor

ASBESTOS
PACKING

Fra. 163.—Ax7T1i-Vacvom Varve, LN.E.R.

car, but in this design springs have been eliminated and closing
is effected by positive mechanieal action of the cams. The valves
are balanced so nearly that only a minimum effort is needed
to move them. This balancing is accomplished by providing
a small pilot valve, which, on moving the regulator handle, lifts
first, admitting steam to the balancing chamber preliminary
to lifting the main valves. The main valves follow in succession ;
the first to lift is that adjacent to the pilot valve, the end valve
on the right-hand side is next, followed by the centre valve, so
that the passage of steam through the superheater and regulator
is uniform, providing a perfect graduation in the supply of steam
to the locomotive eylinders.

The anti-vacuum valve, seen in Fig. 163, is placed on the
saturated steam side of the superheater header. Its object is to
allow air to be drawn through the superheater elements and steam
pipe into the eylinder when the engine is running with a closed
regulator. The effect of the introduction of this air is twofold.
In the first place, it has a cooling effeet on the elements and
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prevents them burning at the firebox end, and in the second place,
it prevents such vacuum being formed within the eylinder as
would draw down the blastpipe ashes from the smokebox at the
instant when the exhaust valve is opening.  With the regulator
open the pressure of steam within the element acts on the under
side of the valve and keeps it closed. The valve, valve seating,
and guides are of bronze. The valve body is of cast iron.

The superheater element of the standard “ A ™ type (Fig. 164)
consists of a continuous pipe formed of four lengths of solid,
cold-drawn, weldless steel tubing connected by three return
bends.  The inlet and outlet ends of each element are bent up-
ward, to allow them to be clamped to the bottom face of the
header in such a manner that the inlet end eommunicates with a
saturated steam compartment and the outlet end with a super-
heated steam compartment. The element, illustrated by Fig. 165,
is the usual type provided with ball joints.

Another method of attaching the elements to the header
(FFig. 166) is to finish them off with plain ends and expand these
into the header direct. Front cover plates secured by studs and
nuts are provided on these header castings to allow of the intro-
duction of tools for expanding and extracting the elements.
Figs. 167 and 168 show the method of expanding and extracting
the superheater tubes.

The ends of the elements nearest the firebox, known as the
return bends, are the parts which require the most careful atten-
tion in manufacture, as they must withstand high temperatures,
and they are exposed also to erosion from the matter carried over
by the high temperature gases in their passage through the flue
fubes : deposits are formed and the return bends are liable to be
burned. The method of manufacture adopted for the * MeLeSeo ™
integral machine-forged return bend, shown in Fig. 169, is a
patented mechanieal die-forging process, in which two pieces of
tubing are bonded together without the use of additional material
or flux, and a true hammer weld is performed under ideal con-
ditions. In addition, the thickness of the metal is increased at
the bend so that it iz in faet stronger than the straight tube.
The method of securing the element ends to the header is shown
in Fig. 170,

To hold the component lengths of each element together
tightly, prevent leaky joints due to vibration, and keep the
element in its proper position in the flue tube, simple bands
and supports are secured to the elements, usually two for each,
near the extremities of the flues.

The * Swindon ' superheater (Fig. 171) has been fitted to
a number of engines on the G.W.R. system, and has given every
satisfaction. This superheater is simple in construction, thereby
rendering the different parts readily accessible. Tt consists of a
number of superheating tubes C, which are about 1 in. dia.
and arranged in groups of six. These tubes are expanded into
the junction headers B, which are attached to the main header A
extending across the inside of the smokebox. The two rows of
larger diameter fire tubes containing the superheater elements
are 4 in. inside dia. at the smokebox end and reduced to 3} in.
inside dia. at the firebox end,
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Fic. 166,—ELeMENTS EXPANDED DIRECT INTO HEADER.

(Arrows indicate course of steam.)

Fic. 167 —Mernop or Expaxpisce SurerHeaTer Tubges,
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The ends of the superheater tubes and the header are covered
by a spark plate which is hinged and worked by a suitable handle
to give access to the tubes. Fig, 171 also gives a front view of
the apparatus. The method of securing the elements to the
header permits the header to be made of east iron.

The saturated steam from the boiler passes through the

Fra. 168.—MerHoD 0oF EXTRACTING SUPERHEATER TUBES.

Fra. 169.—ExvArceD viEw oF Macming-Forcep
SurerneatTer Tuse Rervesy Besp,

regulator K and steam pipe L to the upper division of the main
header, and thence through the junction headers of the super-
heating tubes back again to the lower division of the main header,
before being finally delivered to the steamchests on the engine
cylinders.

The return bends on the superheater tubes are made of plain
bent tube electrically butt-welded to the straight tubes, as shown
in Fig. 172,

9 A
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To overcome the difficulty experienced in keeping super-
heater elements cool when steam is shut off while running,
vacuum relief valves, or snifting valves, are mounted sometimes
on the smokebox behind the chimney. They are carried in
small chambers communicating with the superheater header, and
are arranged so as to be kept closed by the pressure of the steam
while the regulator is open and steam is circulating through
the elements. When the steam is shut off, the valves open
and admit air to the elements, thereby reducing their temperature
and obviating the risk of burning. A vacuum relief valve is
shown applied to the header in Fig. 160.

Fig. 173 shows the type of header relief valve used by the
Southern Railway. Bach superheater header carries two such
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Fra, 170.— MeLESco " JOINT ATTACHMENT.

valves which are automatic in action, with the seats inverted
so that the valve falls off its face when the regulator is closed.
When the regulator is opened the steam pressure reseats the valve.

Often, considerable trouble is experienced with engines using
superheated steam, because of the development of * knock &2
in the connecting rod brasses, and so on. This * knock ™ has been
shown to be eaused by the high compression and suetion in the
cylinders when running with the regulator closed.

There is a steadily growing tendency in many countries at
the present time towards the adoption of the smokebox location
for the regulator, which is placed in a position between the super-
heater header and the steamchest, usually on the front of the header
itself. By this arrangement steam is kept constantly circulating
through the superheater, thereby entirely avoiding the risk of
burning the element ends through their becoming dry. Among
the advantages claimed for this arrangement are that the engine

SUPERHEATED STEAM
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responds more readily to the regulator, superheated steam may
be used for working the auxiliaries, including feed water and air
pumps, and the regulator, generally of the multiple valve poppet
type. remains steamtight for prolonged periods, and is readily
accessible.

The amount of superheat imparted to the steam is indicated
by a pyrometer or thermometer fitted in the superheater outlet
and connected by a flexible connection to a dial (graduated in
degrees of temperature) fixed inside the cab.

The continuous maintenance of a maximum temperature
of combustion is essential to the efficient operation of a super-
heater locomotive ;:  hence every facility should be provided
whereby the driver may readily ascertain for himself the actual
conditions of combustion on the firegrate. The superheat
thermometer is extremely useful for this purpose, as a fall in
the temperature readings almost invariably indicates a decline
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IF1ia. 172.—ELecrricanLy Burr-WeLpeEp ReErvrxy BeExp o
“SWINDON T SUPERHEATER.

in the efficiency of combustion. The thermometer generally will
indicate a lowering of temperature before the pressure begins to
decline.

Some firemen  persistently carry the fires too thick, and
consequently large quantities of carbon monoxide are given off at
a comparatively low temperature. These conditions are readily
indicated by a suitable thermometer, and, therefore, in addition
to being a guide to the fireman, the instrument often may bring
about a saving of coal by reason of the more efficient depth of the
firchbed and the more skilful regulation of the air supply when
endeavouring to obtain the proper degree of superheat.

The foregoing is applicable also to fires which are carried too
thin, as the excess air admitted through the firebed will dilute
and thus lower the temperature of the products of combustion.
This loss of temperature would be denoted by the thermometer,
and the fireman necessarily must maintain his firebed at the most
efficient thickness in order that the desired results may be
obtained.
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It is of importance, especially in the case of a new locomotive
or when a new design of superheater is fitted, that the actual
temperature of superheat should be measured, and for this purpose
the eleetrical method of measurement is the most flexible and the
most easily applied to a locomotive. A heat-sensitive stem is
inserted, for instance, in the superheater header, and connected
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Fia. 173.—SurERHEATER HEADER
ReLter VALVE, SouTHERN RarLway.

therefrom to a direct reading indicator in the cab. An example
of this is shown in Fig. 174, wherein will be seen a small circular
box below for easy connection and disconneetion of the connecting
cable.

Every locomotive engineer is aware of the short sharp vibra-
tions experienced on the road, and will appreciate, therefore,
the necessity for special resilient mounting of the moving parts
in the eleetrical indicator. The type of instrument shown in-
corporates the system known as * Resilia.” 1In addition to the
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black pointer moving in accordance with the actual temperature,
there is a red adjustable index which ean be set by hand to any
point on the scale, so that the engineman need not be troubled
to read a temperature figure on the scale but can see at a glance [ CAMBRIDGE INDICATOR |
whether the temperature is below, at, or above the desired figure. — e
The instrument referred to is designed and manufactured by the
Foster Instrument Co. Ltd.

Another type of thermo-electric pyrometer for locomotives
fitted with superheaters is that designed and made by the
Cambridge Instrument Co. Ltd. The illustration (Fig. 175)
shows the indicator adapted for panel mounting, but for loco-
motive work it is supplied usually with two lugs on each side
for wall-mounting. It has a scale 10 in. long, and incorporates
two special features, namely, the provision of automatic cold
junction temperature compens tion, by which variations in the
atmospheric temperature are compensated automatically, so
that they do not affect the accuracy of
the reading. The other is the makers’
patented magnetic cushioning device, Fie. 175.—Ixprcator oF CAMBRIDGE THERMO-ELECTRIC
whereby the moving system of the PYROMETER FOR SUPERHEATED LOCOMOTIVES.
indicator is held magnetically in the
field of the galvanometer magnet, and
thereby is cushioned effectively against,
any shocks or vibration. This latter
feature, as will be realised, is of special
advantage in connection with loco-
motive work.

Fig. 176 shows the arrangement of
the thermo-couple, which is enclosed
for protection within a steel sheath

and is inserted in the steam pipe as !
Fie. 174 illustrated. A screwed union at the
Tk FosTER ** RESILIA " head of the thermo-couple makes a
PYROMETER. steamtight joint, and the connecting

leads to the indicator are protected
by a flexible metallic sheathing, which, for a short distance from
the thermo-couple head, is protected further against the heat by
asbestos insulation.

Due attention should be paid to the following when using
superheated steam : (1) Lubrication; (2) Gland packings ;
(3) Unequal or excessive expansion of the metal in contact with
the steam.

1. In the earlier days of the superheater, lubrication and
gland-packing troubles undoubtedly were much more acute than
at present. The animal or vegetable oils or fats, which were
formerly the only lubricants used, were rendered totally unfit
for superheated steam by the comparatively low temperature
at which they vaporised. Considerable difficulty was experienced
in lubricating efficiently the slide valves and pistons, with a
resultant excessive wear, which almost proved fatal when the
superheater first was introduced. The older forms of lubricant
have now been superseded almost entively by heavy-bodied high
flashpoint mineral oils, which, when introduced into the steam
chests and eylinders by a foree pump, as commonly applied in
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stationary or marine engineering practice, considerably reduce
the difficulties of lubrication.

2. The deterioration of the older types of fibrous gland packing
also was very rapid when subjected to the temperature of super-
heated steam. Today, however, there are many types of metallic
packing which may be made of a special mixture for withstanding
the high superheat temperatures.

3. The high superheated temperatures undoubtedly tend to
distort the metals with which the steam is brought into contact.
For the higher degrees of superheat the cylinders, valves, and
so on, therefore are designed with a view to the elimination of
excessive or unequal expansion.

Steam temperatures up to 500° F. have been adopted success-
fully with the ordinary slide valve. Piston or poppet-type
valves, however, have proved most satisfactory for the highest
degrees of superheat when used in conjunction with specially
designed cylinders, suitable gland packings, and proper methods
of lubrication for locomotive purposes.

The measure of success attending the use of locomotive super-
heaters is dependent greatly on the individuality of the driver,
as it is only by the proper manipulation of the apparatus under
the different and varying working conditions that the most
efficient results can be obtained.

Some familiarity with the principle of superheating, with
some knowledge of the economies from the use of superheated
steam, is essential in the first instance. After this, by the applica-
tion of this knowledge and attention to detail, the sueccessful
driver and fireman soon will become conversant with the actual
working of the superheater, just as in past years with live and
exhaust steam injectors, brake gears, and special lubricators.

That the efficiency of superheated steam increases with its
temperature is now an accepted fact, hence the importance of a
full appreciation of the different conditions, which may lead to
a loss of temperature with consequent inefficient results.

To minimisze these heat losses, therefore, the driver should
see that his engine eylinders are warmed through thoroughly
before leaving the shed, by first placing the reversing lever in
full forward or full backward gear, with the eylinder drain cocks
opened, and admitting a small amount of steam through the
regulator.

In this manner the temperature of the eylinder metal may
be raised to approximately that of the steam with which it is
brought into contact, thereby greatly reducing initial condensation
losses and allowing the full economical effeet of the superheater
to be brought more readily into use. The cylinder drain cocks
also should remain open after starting until the pyrometer in
the cab denotes a steam temperature of 400° F., or not more
than 200° F. below the full working temperature, according to
the amount of superheat required. In addition to raising the
temperature of the cylinder metal, blowing through in this
manner when first starting up will ensure the removal of dirty
deposits in the steamchests or the carbonised remains of lubricant
adhering to the wearing surfaces of the slide or piston valve
faces and cylinder walls,
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As the lubricating quality of the steam decreases with the
amount of superheat attained, it will be obvious that proper
attention to the arrangements provided for lubrication before
beginning a journey is of vital importance.

When the engine is working heavily, the temperature of the
eylinder and valve face metals, by contact with highly super-
heated steam, may be well over 600° F. : hence the necessity for
efficient lubrication, otherwise the wearing surfaces may become
seriously scored or damaged, in addition to the possibility of
excessive frictional losses.  Special high flashpoint, heavily bodied.,
mineral oil therefore is used for lubricating the steamchests
and eylinders, and some form of mechanically operated lubricator
is adopted now almost invariably whereby the lubricant may be
delivered positively to the parts to be lubricated. The various
types of force-feed lubricators which have been found necessary
and effective for use with superheated locomotives are dealt with
in some detail in Chapter 14,

The amount of superheat obtainable dependent directly on
the temperature of the flue gases, so that any defect or leakage
whereby an excessive amount of air is permitted to enter the
smokebox or firebox will be detrimental to the ultimate efficiency
of the engine. It is essential that the fireman, after cleaning
out the smokebox, should grease the rim of the door and see
that it is home, securely tightened to give an airtight joint. For
similar reasons the firchole door should not be opened unless
absolutely necessary, otherwise the rush of cold air through the
tubes will result in a sudden and considerable reduction in the
amount of superheat obtained. This also applies to the firegrate,
as a fire that is too thin will allow too much air to be admitted,
more especially if the bars are bare in places. It is a well-known
fact that bare places are formed when coal is fired in large lumps,
as the smaller picces surrounding the lumps are burned away
rapidly, thus admitting an excessive amount of cold air. Hence
there is the necessity for breaking the coal into pieces not larger
than half bricks, and thereby maintaining an even thickness
of incandescent fuel, particularly at the corners of the firebox
and against the firechox plates.

This even form of fire, however, cannot be maintained if
the coal is fired in large quantities, as with heavy firing there
are periods at which the maximum incandescence and tempera-
ture is attained between the thickest and thinnest condition of
the fire. The necessity for firing often and in small quantities
is intensified also by reason of the amount of heat absorbed
when a heavy charge of coal is newly fired, with a consequent
heavy discharge of smoke. This, with the total amount of
heat required for the evaporation of the moisture in the coal,
will result in a considerable fall of the firebox temperature, in
addition to reducing further the efficiency of the engine by the
soot or unconsumed particles of carbon fouling the superheater
tubes.  With proper firebox conditions and a modern design of
superheater, a steam temperature of 700° F. should be maintained
easily, thus giving an available superheat of about 312° ¥. above
that of saturated steam at 215 1b. absolute pressure per sq. in.

The superheat will be affected detrimentally if the water be



274 LOCOMOTIVE MANAGEMENT

carried too high in the boiler, thus eausing wasteful priming and
consequent partial flooding of the superheater. When this occurs
a sudden drop of temperature will be denoted by the pyrometer,
necessitating the immediate closing of the regulator, which then
should be opened again gradually to prevent the water lifting
with the steam.

Past experience, both experimental and in practice, has
proved beyond doubt that the steam as delivered from a loco-
motive boiler under heavy working conditions almost invariably
contains an exeessive amount of moisture, hence the occasional
application of different forms of steam driers between the regulator
and cylinders.

If, however, this excessive wetness of the steam be reduced
to a minimum by carrying the water level in the boiler at the
most suitable height, the consequent smaller amount of moisture
delivered is evaporated completely in the superheater, with a
corresponding saving in the total amount of coal and water
consumed for any given duty. Experiments have shown that
every 1 per cent. of water passing into a superheater reduces
the final temperature of the superheated steam by approximately
10° F., a decrease in temperature which results in lower engine
efficiency and increase in fuel costs. A drier used in conjunction
with a superheater performs the double duty of eliminating water
from the saturated steam entering the superheater and cleaning
the steam by ejecting scale-forming impurities and other foreign
matter, thus keeping the superheater elements internally clean.

The illustration appearing on p. 256 shows interior of a
superheater boiler, which has fitted in the steam dome what is
known as the * MeLeSco " Tangential Drier, often used in con-
junction with the superheating apparatus of the same design and
manufacture. This type of drier provides a practical means of
separating water and sediment from the steam entering the
superheater and returning it back into the boiler against pressure
by kinetic energy. The necessary space for a drier of ample
capacity is provided in the dome by the placing of the regulator
valve in the smokebox. Tests recently made show that its fitting
resulted in a 60° F. increase in superheat.

From the foregoing, the importance of opening the regulator
gradually when starting up will be evident, otherwise there will
be a possibility of the water in the boiler lifting with the first
rugh of steam to the eylinders, with resultant priming and super-
heater losses.

Although the driver must be guided by the gradients and
load on his engine, it will be found usually that the most
ecconomical results will be obtained with the regulator fully
opened and the reversing lever notehed up to about 25 per cent.
cut-off. If, however, pounding in the rods, boxes, or journals
should oceur with this percentage of cut-off, a longer period of
cut-off may be used, with the regulator partially closed.

With heavy loads, or up a stiff bank, the best results would
be obtained with the regulator full open and the reversing lever
notched up to as near mid-gear as is consistent with running
the train to time. When it is necessary to stop at signals or
stations the reversing lever should be put slowly over to full
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forward gear immediately after closing the regulator, thereby
giving the slide or piston valves a maximum amount of travel
and thus ensuring that the highly heated metals of the valves
and faces will not seize up, and preventing ashes from being
sucked down the blast pipe from the smokebox.

The increased haulage capacity of a superheated steam loco-
motive is obtained by the use of large diameter cylinders, so
that, with the corresponding heavier pistons and motion-work,
pounding may be set up when running or drifting down a falling
gradient. In this case the reversing lever should be put over
to within one notch of the extreme end, thus forming a suitable
air cushion in the eylinders and valve chests.  Should the pounding
continue, however, it will be necessary to open the regulator
slightly, thus forming a cushion of steam for arresting the
momentum of the piston and motion-work at the end of each
stroke.

The temperature of the steam should be maintained as steady
as possible, and under no circumstances should the amount of
superheat allowable be exceeded. The efficiency of the engine
increases with the degree of superheat, but should the temperature
become excessive there will be the possibility of melting the
gland packings, as these are subjected also to the frictional
contact of the piston rods, and the lubricant used may lose
its lubricating qualities. If, therefore, the superheater or cylinder
metals are allowed to become overheated, it will be seen that
gland packing troubles are likely to occur, or the pistons or
valves will become seized or jammed because of the absence of
suitable lubrication.

Should any undue vibration, groaning, or jerking in the valve
gears or motion-work be observed, the reversing lever must
be placed immediately in mid-gear until the irregularity is over-
come. To prevent seizure between the highly heated valve and
face metals or eylinder walls the lubrication should be increased
by means of the handle on the oil pumps.

These irregularities, however, may be avoided when drifting
down a falling gradient by slightly opening the regulator at
such intervals as may be considered necessary, according to the
particular conditions under which the engine is working.

After the return to the shed the fireman, when cleaning out
the smokebox, should see that the superheater headers are properly
brushed down. and the shed staff should see also that the flues
containing the superheater elements are blown through frequently
with the tube-cleaning apparatus provided.

The driver, in making his inspeetion, should examine the
blast pipe top and base of chimney for traces of carbonised oil
deposits, which would indicate an excessive supply of lubricant
to the eylinders, and the stroke of the force pump or oil press
should be adjusted accordingly. Spring safety or pressure relief
valves often are fitted to the front and back cylinder covers
for relieving excessive and dangerous compression in cases of
priming or condensation troubles, and so on.

These relief valves are held in position by a spring and are
adjusted by a screw, set to exert a pressure against the valve
seat of several pounds above that of the initial working pressure
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in the eylinders. The inspection should include an examination
of the adjusting serews and springs, to see that they are intact
and in proper position.

If the eylinders are fitted with a by-pass arrangement, the
levers connecting the eylinder cocks with the footplate gear
should be overhauled to see that the rods and pins are in proper
working order. As the efficiency of the snifting valves is dependent
greatly on a free admission of air, it will be necessary to see also
that the lift of the valves is adjusted properly, in addition to
cleaning away any grit or foreign substance which may have
been drawn in with the air when the valves have been in use.

In shedding the engine, it is important that the test cocks
on the oil pipes should be closed, otherwise the condensation
which usually oceurs when the engine is cooling may fill the pipes
with water, thereby interfering with the proper working of the
oil pumps when starting out again.

i
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CHAPTER 12
THE TENDER

Tue tender is erected on its own framing, and is therefore a
separate vehicle attached to the engine by the drawbar. It is
designed with a water tank for the boiler-feed supply. and
bunkers to carry the required amount of coal ; proper receptacles
are provided also for the necessary tools, and lamps, and so on.
The drawbar, which couples the engine to the tender, is made
in the form of a long eyebolt : the end containing the eye is
connected to the engine by means of a strong pin 3 in. in dia.
The straight end of the bar is usually about 4 in. in dia., and
passes through the tender drag box : it is secured by a 4-in.
nut well tightened home, and kept in position by a split cotter.

The framing is made from steel plates about § in. thick,
which are straightened, slotted, and drilled as described for the
engine frame plates. Cast steel hornplates, usually in the form
of single angle plates, are riveted to the horns with § in. dia.
cold steel rivets, eare being taken that they are fixed parallel, in
order that the axleboxes, which are fitted afterwards, may work
smoothly without any sign of jar or knock.

The spring brackets, which eventually support the whole
weight of the tender when attached to the hearing springs, also
are riveted to the main frame plates. Angle irons about
6 in.x3 in.x} in. section are riveted to the top edge of the
framing, and extend the full length of the tender to form a base
for the water tank. The frame plates, placed on edge, then are set
square and parallel to each other to the required gauge, and are
held in position at the front end by the box front plate, which
is securely fastened to the frames by angle irons riveted to the
framing ends.

The back or trailing buffer plate is secured in a similar
manner ; the drawbar, which passes through the centre of the
plate, is held by suitable springs or strong rubber pads about
6 in. in thickness. The middle parts of the frame plates are
stayed by strong tee-irons, which are fitted from side to side
midway between each of the leading, middle, and trailing wheels.
An inside framing made from iron or mild steel plates about
12 in.x} in. sometimes is fitted the full length of the tender,
about 9 or 10 in. from the outer framing. The inside frame plates
are secured to the outer plates by box brackets and are finished
at the top with angle irons which give additional support to the
tank bottom. The back plate, which forms the drag box, is fixed
about 3 ft. or 3 ft. 6 in. behind the front drag box plate, and
is secured by angle irons to the outside framing. The automatic,
or the steam brake eylinder, whichever is adopted, is attached
to the underside of this plate, and the brake-shaft, which passes
transversely across the framing, is held by brackets secured to
the outer frames by § in. dia. cold steel rivets.
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The diameter of the wheels varies from 3 ft. to 4 ft. in the
different designs of tender. They are made usually with cast
steel centres and rolled steel tyres : the process of manufacture
is invariably as deseribed for the engine wheels.  The axle
boxes, generally in the form of an iron or steel casting, are so
designed that the brass bearing fitted therein may be withdrawn
for repairs or renewal, when relieved of the weight of the tender
The axle journals are about 6 in. dia. by 10 in. long, and are
lubricated in different ways, as by ordinary worsted trimmings,
or from an oil well contained in the bottom of the axleboxes.
The latter method is perhaps the most efficient ; a pad of cotton
waste or some such material is packed inside the oil wells, thus
retaining the oil, which is thereby continually lubricating the
journals. Special arrangements, such as leather or metal rings,
are fitted to prevent the escape of oil from the back of the boxos,
and for keeping out dirt or grit, when the engine is running.

The bearing springs are of the laminated type. consisting
of about ten to fourteen plates, which are held together by a
buckle. Slide flange friction is reduced as much as possible by
fitting a loose sliding shoe on top of the middle axleboxes, and
also by giving the boxes a small amount of side play.

The tank bottom, which also forms the tender footplate,
is made from mild steel plate § in. thick, and is secured to the
framing and to the angle irons, which are fixed the full length of
the tender. The tank sides, which are made from 1 in.or § in.
plate, have a large flat area, and therefore are strengthened
suitably with internal gusset or plate stays to withstand the
heavy rush of water that takes place when running over rough
portions of the road.

The tenders of what may be termed modern British loco-
motives are built with coal capacities of from 4 tons to as much
as 10 tons, and water eapaeities of from 3,500 gal. to 5,000 gal.
A cornice or coal guard is fitted along the top of the sides and
back of the tender to prevent the coal falling on to the road.

A tool box with sliding doors is formed often on the front
of the tank immediately over the coal bunker, and is fitted with
locking arrangements enabling the tools to be left secure when
the enginemen come off duty. When not provided in this manner
separate tool boxes are placed in convenient positions on the
top of the tank.

For filling the tank with water an aperture fitted with a
lid is formed in the top of the tank about 4 ft. from the trailing
end.  The dead load attached to the engine is considerably
increased by this large body of water. Seeing that 4 tons of
average coal will approximately evaporate over 30 tons of water,
it is obvious that a reduction in the weight of water earried is
of the greatest importance.

By the adoption of the water pick-up apparatus the dead
load may be lessened greatly by reducing the size of the tank,
and long runs may be made without the loss of time that oceurs
when having to stop at a column for water. The apparatus
consists of a hinged scoop, which may be lowered by the engine-
men when passing over the water trough. These troughs are
usually about 17 in. or 18 in. wide by 6 in. deep and are fixed
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between the rails. A pipe casting in the form of a bend is fixed
to face the leading end of the engine, and secured by a flange
about 15 in. diameter to the underside of the tank bottom. )
The scoop is fitted with a hinged joint to the lower end of this
pipe. and is conneeted by rods to a serew actuated by a hand
wheel which is fitted upon the front of the tank for lowering, and
to a steam cylinder or other device to give assistance when raising
the scoop from the water. A vertical pipe is fixed I-llﬂllll' the
tank having a flange similar to the pipe below, and is secured
by ecight $-in. bolts which pass through hut.hlllnngt-s and the
tank bottom. The internal pipe is made in different forms, and
may be curved at the top to throw the water downward, or may
be a plain vertical pipe tapering to a larger diameter at the top
than the bottom, with the discharge end about 7 in. above 1I|.c-
water level when the tank is full.  In the latter case a guard is
fixed above the pipe to check the velocity of the water, which
thus falls back into the tank : an overflow is provided also to
prevent the tender top becoming fl()l‘,]ill'(l.' ) )
The scoop is about 10 in. wide, and dips from 1} in. to 2} in.
into the water when in its lowest position, with sufficient clearance
thus provided between the scoop and trough bot tom to allow for
wear of tyres and springs. The normal water level in the trough
is maintained automatically by suitable valves or pumps, and the
length of the trough is determined by the amount of water
required or the available water supply 500 yds. is ulm'nl the
average, although troughs up to 600 yds. in length are in use.
The troughs are fixed at a level and straight length of the line,
and are loeated as far as cireumstances will permit to supply the
most suitable water for boiler-feed purposes at economical rates.
The above may be regarded as a general deseription of the
mechanism and methods of use, but the details vary in design
and operation on different locomotives and railways. Reference
to the drawing on p. 282 shows the arrangement of the water
pick-up apparatus on the latest streamlined engines of the
L.M.S.R., and these tenders are fitted also with the deviee known
as a ‘‘coal pusher.” This is steam-operated, and its action
ensures that a sufficiency of coal will be at hand always in the
front end of the tender and available immediately for the fireman
to shovel. In some ecases locomotive tenders are fitted with
roller-bearing axleboxes and in others with axleboxes designed
for improved methods of lubrication, such, for instance, as the
Isothermos, and the foregoing deseription of the tender as a whole
refers more specifically to the design and construction of what
may be termed ** ordinary 7' standards without reference to the
latest developments. .
The speed of the train imparts the force necessary for lifting
the water into the tank, and it will be found that from 15 to
20 m.p.h. must be attained before the water can be raised to
the required height. At a speed of from 22 to 25 m.p.h., with
a dip of 2 in., considerably over 2,000 gal. may be lifted into
the tank when passing over a trough of average length, the
quantity of water raised, however, remaining practically the same
for any higher speed. Considerable resistance is exerted against
the scoop as it moves through the inert body of water, and for
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this reason additional power is required to raise it ; hence the
necessity for steam or vacuum cylinders to assist when lifting
the seoop into its normal running position. Drawbar pull diagrams
show that the resistance of the water under certain conditions
may be sufficient to absorb all the pulling power of the engine
while it passes over the troughs with the scoop down.

The importance of accurately knowing the amount of water
in the tender tank for boiler-feed purposes already has been
mentioned, and various types of water-level indicators are in
use on locomotives, these incorporating a gauge from which the
fluctuations of the water in the tender readily can be seen.

The feed water is taken from the tender tank to the engine
through these flexible hose feed pipes, which allow of disconnection
when the tender is uncoupled from the engine for repair or other
purposes.  W. H. Willeox & Co. Ltd. is the maker of the * Jones.
Willeox ™ patent wire-bound hose which, by reason of containing
no rubber in its composition, will not perish, and is suitable for
service in countries having hot elimates, '

In many countries where oil is more abundant than coal, or
the latter is of very inferior quality, oil is used as fuel in place
of coal. Tt has among its advantages that of making the
fireman’s work much less arduous, and more rapid combustion
is possible.  The apparatus used for feeding the fuel to the firebox
varies in point of detail, but burners and atomisers are used
in all cases. British experience with oil-fired locomotives dates
from 1893 when James Holden, Locomotive Superintendent of
the former Great Eastern Railway, designed the first British oil-
burning locomotive. In the coal strikes of 1912, 1921, and 1926
the British railways introduced some oil-fired locomotives, mainly
on the Holden and Scarab systems. The acute coal shortage in
this country after the 1939-45 war, however, brought about the
conversion to oil-burning of more than a thousand British main-
line steam locomotives of all classes.

Admixtures of liquid and solid fuel also are used, and are known
in some cases as colloidal fuel, experiments with which were made
some years ago on the then Great Central Railway. * Briquettes
made up of fine powdered coal and liquid residues are used freely
in many countries. Large numbers of locomotives are fitted with
oil-fuel burning apparatus in the United States and elsewhero.

When trains are scheduled to run long distances without a
stop, thereby making it impossible to change the engine en route,
the difficulty has to be met of providing reliefs for the enginemen.
This has been overcome on the L.N.E.R. by adopting what are
known as “ corridor " tenders, the tender having a corridor
similar to that in a passenger coach, through which the relief
enginemen can pass to and from the footplate. This was intro-
duced when the L.N.E.R. adopted non-stop running between
London (Kings Cross) and Edinburgh (Waverley), and has
overcome what otherwise would have been an insuperable
difficulty. Tt is illustrated in Fig. 179.

The locomotive water crane is a traditional item of railway
equipment and is available in a range of standard designs to suit
a variety of eircumstances. The erane, as a rule, has a east-iron
pillar carrying a swivel arm and hose at a suitable height above
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Fic. 179.—Corrmvor Texper, L.N.E.R. INTRODUCED TO ALLOW OF
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the track. The swivel bend is provided with a roller which runs
on an inclined circular track formed at the top of the pillar and
so arranged that the arm will return automatically to a position
parallel with the track after each locomotive filling operation.

The water supply is controlled by a sluice valve or by a
balanced type hand-operated flow-regulating valve in the supply
pipe leading to the pillar. In the example illustrated both valves
are used: the sluice valve acts as a guard valve. The supply
pipe usually is laid with sufficient cover to avoid risk of freezing
in frosty weather. To supplement this precaution when frost
hazards exist, it is desirable that water cranes should be fitted
with an anti-freezing device which will drain the pillar down to
the level of the eontrol valve. This device takes the form of a
drain cock or valve either operated by hand or working auto-
matically. Several automatic types are available. The simplest
is a small drain cock fitted in the body easting of the main valve
and arranged to open as the valve approaches its seat, and to
close whenever the main valve opens. An alternative automatic
anti-freezing arrangement is to instal the pillar drain cock or
valve with suitable actuating mechanism so that it remains closed
whilst the swivel arm is over the track, but opens whenever the
arm swings back parallel with the track.

When effective automatic anti-freezing devices are fitted for
draining the pillars of water eranes, the necessity for open fires
during frosty weather is
avoided. Water eranes of
the type illustrated are
suitable  wherever  water
can be supplied at the fill-
ing rates.  Where a limited
rate of flow only is avail-
able, a storage tank can
be carried on the pillar,
arranged to  be  replen-
ished  between  locomotive
filling operations.  Units
arranged on these lines are
known as parachute water
tanks.

Chemical injection
pumps are a recent develop-
ment, and are widely used
where hard-water supplies
require softening. A type
of chemical proportioning
apparatus used in softening
plant is the hydrostat
chemical pump. This is
operated hydraulically and,
injects into the water one

. ‘\ ﬁ:;‘,:/

or more chemieal solutions Fic. 180.—GLENFIELD & KENNEDY
exactly in proportion to the Warer CRANE, wrTH ANTI- FREEZING
rate of flow. DEviCE.
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(C'HAPTER 13

BRAKES

Tue safe working of a passenger train admittedly is dependent
greatly on the reliability and efficiency of the brake power
placed at the disposal of the driver. The momentum of a moving
body increases with the weight and speed of that body. so that
as these factors grow greater improvements in the brales become
imperative. The earliest forms of brake were generally of the
hand-lever type, and therefore soon became obsolete.  They were
digplaced gradually by more improved methods, until the
increasing speed and length of trains brought about the intro-
duetion of brakes fitted to each of the separate vehicles. This
innovation vastly augmented the brake power as compared with
that limited to the engine and one or more vans,

Elaborate scientific experiments carried out by Sir Douglas
Galton, George Westinghouse, and others definitely established
the faet that the retarding power of a brake is greatly diminished
when the wheels begin to skid on the rails. The adhesion of
the wheels and the speed of the train therefore are the principal
factors determining the total retarding power which may be
exerted efficiently by the brakes. As the total retarding power
that could be applied with the early brakes was proportional
to the weight of the engine and brake vans only, it was con-
siderably less than that obtained by utilising the friction of
each vehicle, as with the continuous brake. Sanding the rails
improves the adhesive capabilities of the wheels, thus inereasing
the retarding effect of the brake by diminishing the tendency to
skid. At the higher speeds this liability to skid decreases, so that
the effeetive brake power applied may be greater than at the
lower speeds. When stopping a train quickly the maximum
brake power first therefore should be applied earefully, and then
gradually reduced as the speed diminishes. Various types of
non-automatic brakes were at one time in used and different
methods were adopted for obtaining the necessary brake power,
such as by chains actuated with friction pulleys on the axles,
steam pressure, air pressure, and vacuum, all of which in the
earlier stages were non-automatic, so that when a breakaway
oceurred, or the parts became disconnected, the brake was
rendered practically useless.

The air-pressure and vacuum brakes, as the most successful,
were gradually improved, so that, when certain conditions
appertaining to the public safety were demanded by Act of
Parliament in 1889, the brakes as patented by the Westinghouse
Brake Co. Ltd. and the automatic vacuum brake of Gresham
& Craven Ltd. already were so far perfected as to comply with all

287
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the required conditions.  These conditions were : (1) To provide
continuous brakes for use on all trains carrying passengers,
(2) The brake to be instantaneous in action und}-upnblc- of being
applied by engine driver and guard. (3) The brake must be self-
applying in the event of any failure in the continuity of its action.
(4) The brake must be eapable of being applied to every vehicle
of the train, whether earrying passengers or not. (5) The brake
must be in regular use in the daily working. (6) The materials
of the brake must be of a durable character and easily maintained
and kept in order. ’

It will be seen that after these enactments became law
non-automatic brakes for passenger traflic were a thing of the
past, and also it will be understood readily that a large amount
of ingenuity and persevering research must have been expended
on the part of our leading engineers before a brake could be
developed to comply with the stringent regulations as set down
by the Board of Trade. The automatic vacuum and the Westing-
house brakes are practical illustrations of the survival of the
fittest.

AUTOMATIC VACUUM BRAKE

In the automatic vacuum brake the power exerted by the
brake blocks upon the wheels is obtained from the ntmnuiylu-r-i:-
pressure on a piston, working with the least possible friction in
a eylinder, and transmitted by levers and brake rigging, The
manner in which the pressure of the atmosphere is utilised and
made to exercise the necessary foree for retarding and arresting
the momentum acquired by the train is best explained by a
reference to the diagrams (Figs. 181 and 182) showing the
pneumatic action of the vacuum brake in principle, whatever
type of eylinder is employed. The illustration is actually of the
S0 type, having an external combined ball and release valve.

The piston is an easy fit in the bore of the cylinder, and is
kept airtight by means of a round flexible rubber ring known as
the “ rolling ring,” which rolls between the piston and the
eylinder walls without frietion when the piston moves, lying
undistorted in the ** relieving groove " provided in the pi.slun
when in the * brake off 7 position. The piston rod attached to
the piston is made of brass.coated steel, stainless steel, or other
suitable material, and is maintained airtight by passing through
a packing housed in the cover, known as the gland packing ring.
This has the characteristic of being held firmly to the rod by
atmospheric pressure outside when there is a state of vacuum
insicle the eylinder ; this pressure is relieved when air is admitted
to the eylinder, thus reducing the friction when movement is
required.  Air is extracted from the whole of the vacuum brake
eylinder assembly through the train pipe wvia the hose pipe
connection and valve, when both the top and bottom sides of the
piston are in a state of partial vacuum. When air is admitted to
the train pipe it flows through the connecting hose to the underside
of the piston but is prevented, by means to be explained later,
according to the type of eylinder, from reaching the top or
chamber side of the cylinder.
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The dark shading shown in the diagram indicates the air in
the train pipe and eylinder, while the * top side ”* or chamber is
still in a state of vacuum, so that the resulting difference in
pressure forces the piston up. The actual power exerted is
-4913 1b. per sq. in., available on the under side of the piston.
As the piston in all size eylinders is { in. smaller in diameter
than the bore of the eylinder, the actual area available is
approximately that bounded by the ecross-sectional centre line
of the rolling ring; thus on a 21 in. cylinder the area available
is approximately 334 sq. in.  In ecalculating the ultimate foree
obtained from the cylinder the weight of the piston must be
deducted ; this varies from 50 to 100 1b. in different size cylinders.

Similarly with a carriage cylinder, where the top side is not
connected to the ejector, as will be explained, the power of an
application to 10 in. destruction in the train pipe, allowing that
the vacuum in the ehamber drops to 19 in. because of the piston
stroke, will be 19—10=9 in. effective vacuum, or 93 -4913,
which on the area of 334 sq. in. gives a pressure of 1,570 1b,
approximately.

Hand release of the brakes on carriages is effected by means
of the external ball or release valve which, when pulled manually,
has the effect of connecting the top and bottom sides of the
eylinder, so eausing equalisation of pressure by the air flowing
from the train pipe to the top side until the pressure is equal. It
will be noted particularly that the air comes from the train pipe
and not from the atmosphere outside, so that any failure of a
ball or release valve does not mean a leak into the general system
from the outer air, but only the particular eylinder concerned
out of action.

Rolling ring eylinders are made in standard sizes ranging
from 10 to 30 in.: the normal broad gauge sizes are 15, 18, 21,
and 24 in. In any type of eylinder the top side of the piston must
have sufficient volume above it to ensure that the stroke of the
piston does not reduce unduly the effective vacuum above the
piston. Tt will be realised that a state of vacuum for brake
conditions means a state of rarefaction of the air, and that starting
with a defined volume at 21 in. above the piston and then reducing
this volume or ** compressing © this rarefied air, will result in
reducing the ** vacuum.”

It is necessary, therefore, to use additional chamber volume
to give sufficient ** top side ” volume to compensate for the stroke
losses, and this is arranged either by a chamber casing embodied
with and all round the cylinder, known as the ** combined type,”
as shown in Figs. 181 and 182, or by a separate chamber connected
by a hose pipe to the top side of the piston. In separate type
eylinders the valve requires an additional branch to effect this
connection, and in the case of engine or tender eylinders which
have connection to the auxiliary pipe from the ejector, no manual
release valve is necessary. The connections to train pipe and
auxiliary pipe, therefore, are double branch hose, although ball
or release valves still may be used, and the driver’s releaso
valve on the ejector is available for independent release of the
eylinders.

Fig. 183 shows the general arrangement of connections on

10
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an engine and tender. The driver’s duplex vacuum gauge
connects to the train pipe and the auxiliary pipe to the chambers
respectively 3 the amount of destruction recorded in the train
pipe by the admission of air through the driver’s valve is a
direet indication of the degree of power applied. In the * Full
Brake On ' position, the porting of the driver’s valve gives a
direct connection from the small ejector to the auxiliary pipe

VACUUM
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4
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ENERAL ARRANGEMEST OF AUTOMATIC VACUUM BRAKE APPLIED TO ENGINE AND TENDER.
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and the chambers, so that the full working vacuum is created
and maintained on these eylinders, and any loss from piston
movement is eliminated.

Fig. 184 shows a ** C " type eylinder, the original rolling ring
vacuum eylinder used throughout the world. The function of
this type of eylinder is performed with an external ball valve,
through which the chamber or top side is exhausted. On admission
of air to the train pipe the ball seats and seals all connection to
the chamber side, so isolating it. Hand release, as already
described, displaces the ball from its seat, effecting equalisation

| ¢ cLass erumoen

= J EXHAUST ELBOW
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and allowing the eylinder to fall off. The ball valve is fitted
with a diaphragm, and re-creation of vacuum in the train pipe
automatically draws in the spindle, allowing the ball to return
to its seat and function in the ordinary manner.

The * E ™ type cylinder (Fig. 185) differs from and improves
on the *“ C " type eylinder in the following respeets :—

Air is extracted from the ** top side ” or chamber via three
holes (a) drilled in the piston head below the rolling ring when in

UL SIS SIS IS A SIS

HOSE PIPE CONNECTION

Fia. 185.—“ E " Tyre CyLixper (SEPARATE PATTERN).

its relieving groove and thence past the internal ball valve located
inside the piston head. The ball valve in the piston head only
serves the purpose of isolating the chamber side momentarily
until the piston has moved up sufficiently to get the rolling ring
out of the groove, after which isolation of the chamber side is
effected by the compressed rolling ring, which is a highly efficient
seal.  The power and endurance of the brake eylinder, accordingly,
is not dependent on the seal of a ball on its seat. Hand release
is effected by an external release valve, replacing the ball valve
of the *“C” type eylinder, which isolates the chamber side,

BRAKES 203

under normal ‘conditions, by a rubber-seated valve loaded by
the power of the diaphragm under atmospherie pressure.

SO and KT type eylinders are interchangeable as complete
units and a * C 7 type eylinder can be converted readily to an
CT type eylinder by drilling the piston head and fitting a
special small separate internal ball valve and substituting the
standard external ball valve with a standard release valve. By
this means eylinders and valves on any railway system can be
standardized throughout at a minimum cost, and the advantages
of the “ 1 " type eylinder are obtained. The * ' 7 type eylinder,
shown in Fig. 186, has been designed to facilitate the examination

Fig. 186.—“ " Typr CYLINDER.

and renewal of the roller ring and is fitted with a new type of
release valve or hose connector which is reversible.  Its pneumatic
action and funetion is exactly the same as that of the * I ™ type
eylinder, but instead of a top cover there is a bottom pan enabling
the piston to be removed from the eylinder without taking the
body of the eylinder down. In the case of engines or tenders
this is a great convenience, more particularly in all cases where
heavy large-diameter ceylinders are used.

Both eylinders and brake shafts move in their bearings, a
fact which is frequently ignored. A great deal of trouble and
brake defects can be avoided if these moving parts are given a
chance and oiled or greased oceasionally.

The Board of Trade requirements are complied with in a
simple but effective manner by the vacuum automatic brake,
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It is instantaneous and capable of being applied by either driver
or guard. The brake is also self-applying, because the severance
of the train pipe, as by a vehicle becoming detached, will admit
air and thus apply the brakes.

The brake train pipe is now the most approved means of
providing passenger communiecation, and by the alarm cord in
the earringes any passenger can admit sufficient air into the train
pipes to attract the attention of the driver or guard. When
communication is made in this manner the brake is not applied
fully, so that if the alarm is given in a tunnel or some such
inconvenient place, the driver, by opening the large ejector, is
able to bring the train to the end of the tunnel or other convenient
stopping place.

The manner in which the small ejector often can be made
to do the work required should appeal to all drivers who wish
to keep down the coal consumption.

Whenever possible, stops should be made not by a violent
application of the brake, but by a destruetion of vacuum from
5 to 10 in., which should be re-created by slowly returning the
handle to running position as the train comes to rest. The driver
will learn by experience that by having the vacuum nearly
restored at the end, when stopping, jerking is prevented and the
brake is released without the use of the large ejector, thereby
saving a definite quantity of steam every time the train is
brought to a stand. When a quick stop is necessary and the
brake is applied quickly the valve in the guard’s van also opens
automatically on trains of up to about five or six coaches. On
longer trains, however, the valve is not sufficiently sensitive to
operate, or if it is made too sensitive by reducing the choke
between the diaphragm chamber and the inside of the poppet
valve it is liable to become unstable and operate at very slight
vacuum reductions.,

The following table gives the average actual stopping distances
for pulling up a train with continuous brakes under reasonable
conditions of rail and weather, as found in British practice. These
do not constitute by any means the best that can be effected,
but are based on practical tests and represent the results obtained
with limited braking on the locomotive and with the losses in
time incurred with normal equipment in the propagation of the
brake power. Improvement in brake design, higher locomotive
braking. and improved rapidity of application can be arranged
in practice to give stopping distances of nearly half those shown
in the average figures given.

Speed at Time of Brake g y
I Application Distance to Stop

30 m.p.h. 175 yd.
| 40, 3107,
‘ a0 485 .,
60 ., 700,
80 1,250 ,,
20 1,676 ,,
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It must be realised that the better stops visualised represent
an approach to the maximum attainable, as any greater braking
forces would tend only to skid the wheels and decrease the
retarding force.

An example of the practical possibility of distance to pull
up from 60 m.p.h. (with correet braking and rapid pneumatic
generation of power) would be 350 yd.

As already mentioned with regard to stopping distances, it
will be appreciated that at very high speeds especially, some
measureable time elapses between the application of the brake
and the full generation of continuous brake power, particularly
on long trains.

Various types of * rapid acting valves " have been produced
and used from time to time, but these, although effecting very
rapid application of the brake, had the disadvantage of being
uncontrollable, that is to say, they were self-acting, and if the
first valve acted the other valves also opened and took the option
to limit the application out of the driver’s hands. Gresham &
Craven Ltd. has developed an advanced design of direct admission
valve for the Vacuum Brake Co., permitting great rapidity of
action in a full service or emergency application, but leaving the
degree of application and all full control still in the driver’s hands.

It will be realised that the application of continuous brakes
entails a change in pressure in the train pipe, which is dependent
on the flow of air (whether the system is vacuum or compressed
air) in and out of the pipe, so that operation at remote points
is dependent entirely on the rapidity with which the working
fluid can flow through the pipes. In the ordinary way, with a
vacuum system, all the air for application has to be supplied
from the driver's admission valve, plus additional air in emergency
applications from the guard’s van valve, and all such air has
to fill the train pipe and fittings and also the eylinders under
the pistons. It is this filling of the eylinders that sets the limit
to the rapidity of application of air supplied through a 2-in.
pipe from one point. On short or low speed trains this time is
negligible, but on long trains or on trains travelling at very
high speeds (100 m.p.h. or over) the time to admit the necessary
air has an influence on the best stop that can be effected, when
the use of direet admission valves ensures all the rapidity that
ean be safely given while retaining complete controllability.

The direct admission valve is arranged to operate by the
action of the admission air passing from the driver’s brake valve,
which opens the direct admission valve independently to admit
air to the vacuum cylinder direct from the atmosphere to a degree
directly proportional to the condition of the train pipe. By this
means the filling of the cylinders is effected by air taken all from
the atmosphere and none from the train pipe, so that the air for
brake application has only to fill the train pipe and is not required
for eylinder application. The train pipe is of very small volume
and is rapidly filled with air; in addition, therefore, to rapidity
of operation the application of the eylinders is rendered more
simultaneous instead of being progressive.

Fig. 187 shows the Gresham direct admission valve, the
working of which is generally as follows. Air is extracted from
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the brake eylinder through the usual hose connector pipe via the
non-return valve A direct from the train pipe.  The lower
extension spindle of the valve B is a eclearance fit, so air is
extracted also at the same time from the enclosed cavity above
the diaphragm D. The whole valve is then balanced and in a
state of working vacuum. On admission of air into the train
pipe from the driver’'s brake handle the cavity below the dia-
phragm D is filled with air to a degree of vacuum equal to that
of the train pipe, but air eannot get to the vacuum eylinder as
the valve A seats with the air pressure above it.

A state of vacuum exists above the diaphragm D so that the
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pressure of the air admitted under it causes it to rise and the
extension spindle on the diaphragm D marked € comes in
contact with and lifts the valve B. This allows air to flow direct
from the atmosphere (through an air filter surrounding the valve
chamber) to the eylinder. Meanwhile, the air also finds its way
slowly to the cavity above D wia the elearance round the spindles
of B and C until the pressure above and below the diaphragm is
the same when the diaphragm depresses and allows valve B to
close again. Tt will be seen from this action that the eylinder will
have air admitted to it directly up to a point where the pressure
in it is balanced by the pressure under the diaphragm, i.e., train
pipe pressure. Meanwhile the air for the eylinder operation has
been provided from the outer air and not from the train pipe, so
that the speed of operation, although graduated and controllable,
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is materially inereased as only the train pipe and the small
cavities below the diaphragm have to be filled.

For very long trains such as fitted freight trains, a further
type giving a double function is available. This is shown in
Fig. 188, and has the additional feature that extra air also is
fed to the train pipe itself by the action of the valves filling a
long train pipe with additional air * inshots,” ensuring that the
train pipe is filled in the minimam time and giving great uni-
formity of eylinder operation with the same benefits of speed
and controllability. The action of this valve as far as the
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eylinder is concerned is as described in the ordinary direet
admission wvalve, but, furthermore, the lifting of the direct
admission valve, after admitting air to the eylinder, continues
to rise and lifts valve I, giving a restricted admission of extra
air direct to the train pipe.

The Westinghouse Brake Co. has developed a quick-service
brake application valve, the operation of which depends on the
difference in pressure between the brake pipe and the lower
chamber of the cylinder. The valve is shown on a eylinder in
Fig. 189, and in section in Fig. 190, with explanatory lettering,
from which, together with the text, the construction and opera-
tion can be followed. When making a brake application, a
reduction of the vacuum in the brake pipe made in the usual

10 A
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way causes the quick-service valve on each vehicle to effect a
further local reduction in the brake pipe, thus increasing the
speed of propagation throughout the brake pipe to an extent
not otherwise possible. As each quick-service valve opens and
lets air locally into the brake pipe, a separate stream of air is
admitted at the same time to the brake eylinder. This stream
of air bears a definite proportion to the volume admitted to the
brake pipe through the ejector or driver’s brake valve, and to
the volume let into the brake pipe by the quick-service valve.
Therefore, at all times the amount of air admitted into the brake

Fig, 189.—EXTERNAL VIEW oF WESTINGHOUSE
QUICK-SERVICE VALVE.

pipe and the eylinder is under the direet control of the driver,
and does not depend on the uncertain factor of volume reservoirs
with leakage chokes, as embodied on the various forms of vacuum
rapid acting valves, heretofore used.

The port conneetions of the valve are shown in Fig. 190,
During a brake application air enters the valve from the brake
pipe through the valve nozzle B, and passes through port H
into chamber G beneath the diaphragm L, causing the diaphragm
to rise and unseat the ball K. Atmospherie air from the strainer
and connection I then enters chamber Y, where it is divided
into two streams, one stream of air passing direct to the brake
pipe through port M and past valve V, and the other passing
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to the brake cylinder through port Z, chamber A and port C.
The chamber Y, from which this air is distributed to the brake
pipe and the lower chamber of the cylinder, falls to atmospheric
pressure immediately the atmospherie valve K opens, so that
air at atmospherie pressure is delivered into both brake pipe and
lower chamber of eylinder, irrespective of whether the valve is
at the head or rear of the train.

To guard against the possibility of loss of brake force because
of the strainer at atmospheric port E being choked by mud or
dust, a special device is introduced into the valve whereby a
by-pass valve D is unseated and air can flow from the brake pipe
through B, past valve D, port N, chamber A, and port C, direct;
to the lower chamber of the brake eylinder, should the brake
pipe vacuum drop more than a predetermined amount without
atmospheric air entering chamber Y through ball valve K. The
diameter of valve D is a little larger than the outside diameter
of its seat, thus leaving an annular area subject to the degrees
of vacuum in the brake pipe B.

When a reduction in brake pipe vacuum is made by the driver,
the pressure on the annular area of valve D tends to lift valve
D against the lower chamber vacuum in port M, but the stability
of diaphragm L is arranged so that it lifts ball valve K and lets
atmospherie air into M before the vacuum in B is sufficiently
reduced to lift valve D. If, however, the strainer is choked,
port. M remains at lower chamber vacuum, and the decrease in
vacuum in B acting on the annular area of valve D causes valve
D to lift and brake pipe air flows through port N into the brake
cylinder.  Valve D lifts during each brake release and permits
air to flow from the lower chamber to the brake pipe. This valve
is arranged to provide a certain leak between the brake pipe
and port M, and so to the brake eylinder.

The positive action of the valve permits of its operating
satisfactorily should some vehicles be fitted with the existing type
of ball or release valve, and some fitted with the quick-service
brake valve. The quick-service propagation is effective if vehicles
fitted with the quick-service valves are separated by vehicles
fitted with ** through pipe ™ only.

With the Westinghouse quick-service valve, a service brake
application is obtainable at the rear of the train in about one-third
of the time required with the standard vacuum brake.

The use of a brake application valve that lets air into the
brake system underneath the coach makes it necessary to provide
a suitable air strainer, and for this purpose a special design has
been developed by the Westinghouse Company, as shown in
Fig. 189. The strainer is coupled to the valve by a standard
hose connection and clips, and for installation purposes a special
fixing device is provided whereby the strainer can be suspended
by a clip to the adjacent branch pipe connecting the eylinder
with the brake pipe. This provision obviates the need for
drilling holes for fixing bolts. The complete installation of the
quick-service valve and the strainer requires only the use of a
spanner.

It should be noted that the valve provides adequate safeguards
against any conditions which may arise in service,
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The valve, as already stated, is operated by the difference
in vacuum between the brake pipe and the lower chamber of the
brake eylinder : it has no operative connection to the upper
chamber of the brake eylinder, and consequently does not
endanger normal automatic action in the event of a breakaway.

Should the strainer become choked and atmospheric air
thus be prevented from entering the eylinder through passage I,
valve D (Fig. 190) will permit brake-pipe air to flow direct into
the eylinder and apply the brake as with standard vacuum brake.

Valve D operates during application should the strainer
become choked.  As it operates also during each release of the
brake, it is safeguarded thus against becoming inoperative.

Fira. 190.—WESTINGHOUSE QUICK-SERVICE BRAKE
ArpLICATION VALVE SHOWN IN SECTION.

In the event of diaphragm L becoming punctured, this will
allow free communication between the brake pipe and the lower
chamber of the brake eylinder. Under this condition, when
a brake application is made, it would be as with the standard
vacuum brake ; furthermore, in such a ecase, the defective valve
will operate in application and release with other eylinders on
the same train fitted with quick-service valves.

Although the valve is protected by an efficient strainer,
should balls V and K in any particular valve not be tight, because
of the pressure of dirt, the worst conditions which would arise
would be that in the eylinder concerned the brake would be
applied as with standard vacuum brake.

With the brake-van valve the operation of the valve depends
on a difference in pressure between the brake pipe and a small
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capacity chamber on the top of the brake-van wvalve: this
chamber is evacuated through a port way which runs through
the spindle of the peppet valve in the van valve,

During a brake application this capacity chamber gradually
becomes equalised with the brake pipe, and, as will readily be
understood, if the brake pipe is gradually reduced, the chamber
above the brake-van valve reduces at the same rate and the
valve does not open. If the brake pipe is rapidly reduced,
however, the reduction of the chamber above the valve, as it is
at a slower rate, enables the poppet valve of this valve to open
momentarily and allow a certain volume of air into the brake pipe.

The efficiency of braking apparatus on both locomotive and
train is dependent largely on limiting the stroke of the piston
to a minimum travel sufficient to give the required brake block
clearance when the brake eylinder piston is in the release position.
If, because of brake block wear, travel of the piston becomes
excessive, it results in a considerable drop in the top chamber
vacuum so that the brake force available to stop the train is
reduced considerably. This is specially the case with the combined
type eylinder, where a full stroke of the piston will reduce the
top chamber vacuum from 20 to about 14 in., equal to a reduction
of 30 per cent. in the theoretic brake force available. With
separate type eylinders where a larger reservoir.capaeity is usually
provided for the top chamber of the eylinder, the reduction is
not so great. However, even in this case it is of the greatest im-
portance to keep the piston stroke to a minimum, as in addition
to the loss of brake foree the brake release time is greatly inereased
when the piston stroke is too long. Further details concerning
slack adjusters will be found on p. 335.

Continuity of the brake throughout a train is obtained by
fitting one or more suitable brake cylinders on each separate
vehicle and connecting up a continuous train pipe interconnected
between vehicles with flexible hose pipes and quick couplings.
The couplings are arranged to pull apart without tearing or break
should the vehicles part from each other inadvertently. The
vacuum in the train pipe operates every eylinder and is under
direct control of the driver. A steam ejector connected to the
train pipe is fitted on the engine and by means of the driver's
application handle the air can be drawn out or admitted throughout
the whole train.

The ejector, either a combination instrument with the jet
cones and operating valves and mechanism all embodied in the
one fitting, or alternatively, with the application valve as one
fitting under the driver’s control with the jets located at another
place, is arranged to be supplied with dry steam from the boiler,
preferably from the dome. It is provided with a steam stop valve
controlling the steam supply so that the ejector cones or fittings
are accessible for examination or renewal while the boiler is in
steam.

Pumps of the double-acting plunger type are used also on
steam locomotives as maintaining exhausters, enabling the small
ejectors to be shut off when sufficient speed has been attained for
the pump to operate as a maintaining ejector. These pumps
require power to drive them, but it is considered that the steam
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used in the locomotive engine from which this extra power is
obtained is used more economically than when used in an ejector
for the same purpose, though the pump requires more attention
and maintenance.

The first combination ejectors, produects of Gresham & Craven
Ltd. for the Vacuum Brake Co., have evolved successively through
a range of types, of which the latest types, known as the
* Dreadnought 7' and * Super-Dreadnought,” are in extensive
use and have largely replaced the former “ B ™ and *“ C ™ class
ejectors, although many of the latter are still giving useful service.

The drawing (Fig. 191) illustrates a * Dreadnought ™
combination ejector. The principle on which air ejectors work
is by a jet of steam being discharged through nozzles to give
a very high wvelocity, which, combined with the reduction of
pressure of the steam by expansion to a pressure below atmos-
pherie pressure, induces air in contact with the jet from the
surrounding chamber, which is connected in turn with the train
pipe, g0 extracting the air from the brake system.

The * Dreadnought ™ type of jet is an annular jet or * ring "
jet, as distinet from a solid jet, and is formed by leading the steam
between two concentrie cones fitting one inside the other. Such
an “annular 7 jet presents a large superficial area to the sur-
rounding air to effect entrainment, as not only its outer surface
but also its inner surface are open to eavities connected to the
train pipe.

The outer cone or steam guide of the small ejector is 14, and
15 the inner cone, the steam passing through the narrow space
between these two cones. The same action occurs in the large
ejector, where the relative outer and inner cones are 13 and 17.

The small, or maintaining, ejector is continuously in operation
and serves the purpose of maintaining against natural leakage
into the train system. It uses from 4 to 6 Ib. of steam per min.
according to circumstances, which is so small a proportion of the
steam used by the engine when working as to be negligible.  Steam
for the small ejector is regulated by the steam-valve handle 43
and should be open or closed to get the ** best setting.” The
working of a steam jet is such that its best efficieney is at one
steam pressure, and in effect is the act of regulating the steam
valve throttling the steam supply to a constant pressure. If
the pressure is very high and the valve were opened wide, too
much steam would pass and the efficiency be impaired, because
of choking.

The large, or creative, ejector gives additional extractive
power for rapid initial ereation of vacuum in the system or re-
creation after an admission of air. Placing the driver's brake
handle in the * brake off 7 position automatically opens the
main large ejector steam valve 47 to supply steam to the large
cones. Placing it in the * running " position ecloses the main
steam valve and cuts off the large ejector. The small ejector is
capable of effecting release but takes longer.

The dise valve is arranged so that in both the * brake off ”
and ** running » positions direct communication is effected between
the ejector jets and the train pipe while the ports to atmosphere
are closed, In the “ brake on ™ position the cavities leading to
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the train pipe are opened direct to atmosphere, so air flows to
the train pipe in greater or lesser degree at the option of the driver.
In the full ** on ™ position the small ejector, which is still running,
is cut off from the train pipe and atmosphere, but is still in
communication with the cavity leading to the auxiliary pipe
connected to the engine and tender chambers or the top side of
the eylinders. The maintenance of full vacuum in engine and
tender cylinders by this means has been detailed previously in
the remarks on eylinders. An independent release valve is fitted
between the ejector and auxilinry so that release of engine and
tender eylinders can be effected separately by the direct admission
of air to the chambers.

Non-return valves are fitted as shown ; 40 is the main valve
protecting the train pipe, and the valve under cap 42 is between
the large ejector and the cavity leading to the main valve 40.
This eavity is the special air lock, serving the dual purpose of
preventing moisture from leaky steam valves gotting down the
train pipe to the brake fittings and also preventing smokebox
gases and fumes or dust being drawn back down into the train
pipe should both ejectors be shut off at once without the train
pipe vacuum having been destroyed. It will be appreciated that
if the train is left in a state of vacuum under these conditions,
air will tend to flow to fill the vacuum under 40, and if this valve
were not absolutely tight it could draw back on the smokebox,
which is in direct communication at this point wia the small
ejector discharge throat.

This air lock, as soon as the ejectors are both off, will become
at atmospheric pressure so that the ball or pea valve 38 is no
longer held on its seat and the air lock cavity is placed thus in
direct communication with the outer air, permitting steam vapour
to escape and allowing any draw from under valve 40 to be
supplied with free cold air from the atmosphere. The valve
under cap 42 primarily serves the purpose of isolating the large
ejector when shut off from the small ejector when working.
It will be seen that if this valve were not fitted, the small ejector
could pull on the exhaust throat of the large ejector instead of
on the train pipe, so rendering its action ineffective on the train
pipe. Similarly, if the small ejector isolating valve 45 were not
fitted the large ejector could pull back on the exhaust of the
small whenever the small ejector were not on.

A j-in. application valve worked by a finger trigger is fitted
to the brake handle allowing small admissions of air to be made
for light brake applications without moving the main handle.

An improved type of vacuum relief valve is fitted over the
main air back valve to limit the degree of vacuum created and
make the working vacuum uniform ; 2I1-in. vacuum is a usual
working condition, and this valve is adjustable by increasing the
tension on the spring 33 with the nut and lock nut 32 and 31.
When 21 in. of vacuum is attained under this valve, the pressure
of the atmosphere above it is sufficient to overcome the spring
and allow the valve to open, so admitting air to destroy any excess
vacuum created over 21 in. There is set up a state of equilibrium
which just feeds the necessary amount of air to effect balance.

This valve has the special feature of being of the pop type,
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allowing full valve open and admission capacity immediately
21 in. is created. This is achieved by having two areas on the
seating, the first opening to admit air pressure to the second,
thus rapidly subjecting an increased area to pressure and fully
overcoming the power of the spring. Bl 3 ]

The * Super-Dreadnought 7 ejector is identical in all essentials
with the * Dreadnought ** ; the large ejectors are in every respect
the same. Whereas the ** Dreadnought ”* has one small ejector,
the * Super-Dreadnought ” is provided with two which can be
used optionally with one or both on for maintaining purposes.
By this means, while using only one ejector, a saving of steam
can be effected with a short or well-maintained train, and when
a longer or more leaky train is being worked, the additional
maintaining ejector can be used, giving increased extractive
capacity at the expense of slightly more steam.

The steam admission to these small ejectors is by the usual
handle, the initial movement opening steam to one ejector and
further movement opening both. Another feature is that instead
of being opened to atmosphere by the ball valve falling from
its seat, the air-lock arrangement is opened positively and
mechanically by a cam extension on the small ejector handle
which engages a seating valve. In shutting'-()ff the small (‘_]t'c-tol‘
on the “ Super-Dreadnought ** ejector it is important to confirm
that the handle is right over to ensure that the air-lock \:n!\{u has
been opened by the cam, otherwise there will be a possibility of
moisture getting into the brake fittings. !

A new ejector of the solid jet type, termed the * S.J.,"" has been
patented and produced by Gresham & Craven Ltd. for the
Vacuum Brake Co., for those having a preference for this type of
instrument, which is specially suitable also for very high pressure
locomotives. This ejector is illustrated diagrammatically in
Fig. 192. . ' ) .

In operation and function from the driver’s point of view, it
is identical with previous Gresham ejectors ; it includes a small
ejector handle which supplies steam from valve N at best setting
to the small or maintaining ejector P. This draws air »ia back
valve A and main valve C from the train pipe. The large or
creative ejector Q is supplied with steam from the main valve F
when the driver’s handle is put in the * brake off 7" position
by the cam G lifting the spindle of the valve F. Air is drawn by
the large ejector via valve B and main valve C from the train
pipe. The valves A and B isolate the large and small ejectors
from each other respectively in the manner explained in the
** Dreadnought ™ types.

The dise air admission valve, however, has been replaced by
a lift type of valve. This valve, marked I, gives more t;h_am a
full 2-in. bore admission, and is provided with an additional
auxiliary admission valve D embodied in the main valve, all
worked from the driver’s main brake handle. Movement of the
handle to the “ brake on ™ position operates finger lift H and
raises the spindle of the air valve, first opening the auxiliary
valve D to give small admissions of air. This has the further n‘ﬁ'ect
of admitting some air under the main admission valve E, so
partially putting it in balance. When, therefore, this also begins
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to lift. by the wings of the spindle projections contacting with E,
very little effort is required to open the main valve, which has not
to be opened against full vacuum, enabling small openings of
the main valve to be made with the minimum of effort and the
maximum of controllability. It will be realised that cams G and
H are on the one common spindle operated by the driver’s handle,
but are separated in the diagrammatic projection.

In the absence of the porting arrangement on the dise type of
valves, the isolation of the small ejector from the train [;ilx- in
the full * brake on ™ position is effected by the bell erank K
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Fia. 192,—Diacrammaric View or * 8.J." EJECTOR.

engaging with the back of the eam H. This pulls down the
sleeve V oagainst the spring M and shuts the main air valve C,
thus effectively and positively cutting off the train pipe from
the small ejector which remains on and pulls direct via valve A
on the auxiliary pipe through the back valve R. The usual
standard engine brake release valve, not shown on the diagram,
is fitted below the valve R.

No relief valve is fitted on the ejector itself, but a standard
relief valve is fitted at a suitable point on the train pipe at a slight
distance from the ejector, so that the powerful local influence of
the jets will not open the valve prematurely. To provide, however,
for the limitation of the vacuum created on the top side of the
engine and tender eylinders by the small ejector when the driver’s

BRAKES 307

handle is in the full © brake on " position, the spring-loaded back
valve C constitutes an internal relief valve.

The underside of the valve C is necessarily at atmospheric
pressure when the valve is closed, as in this position the main
air valve 12 must be open. When the small cjector has ereated
91.in. vacuum (or whatever the working vacuum may be) above
the valve C. the atmospherie pressure under it is sufficient to
overcome the spring M and allow the valve to lift and admit air
to destroy the excess ereation. The tension on this spring is
adjustable readily by the tension nut U which is adjusted for
the correct working vacuum. The usual ejector drain ball valves
are provided, and a ball air-lock relief valve similar to the
“ Dreadnought ™ also is fitted on the side of the instrument.

The working positions are exactly the same as with previous
ejectors, namely, ** brake off,” ** running,” and * brake on,” the
first and last coming to positive stops and the running position
readily felt by the arm of crank K falling into the depression of
the cam H. The particular features of interest in this ejector
are that all seatings except valves A are readily renewable, and
that the seatings and spindle guides for valves F and I also are
removable as complete units, and renewed readily without any
wear on the main body.

The operation of the air valve and the main steam valve is
also unique, as these are worked by “ lifters ”* and not mere cams,
with the result that they are practically frictionless, have no side
thrust on the spindles and no wear on the guides. The ejectors
can be arranged for combined steam brake valves in the ordinary
way and all parts are readily accessible. ,

The Metealfe vacuum brake ejector (Figs. 193 and 194) is a
new design of improved efficiency incorporating a compound
arrangement of ejector nozzles which enables the instrument to
create the necessary working vacuum in less time than any
type of locomotive ejector hitherto available, without any corres-
ponding increase in the steam consumption. The nozzles, which
are of the solid jet type, and therefore free from excessive wear
and furring up which takes place with the annular type nozzles,
are arranged in the form of two separate ejectors (large and
small) each delivering through an independent exhaust tube
into the common exhaust pipe.

The small ejector is used continuously and maintains the
vacuum in the brake pipe system, and the large ejector is used
for obtaining a quick release after brake applications. Each
ejector consists of a combination of steam nozzle, vacuum tube,
and discharge tube, and these are so arranged that air is
entrained at two points, the primary supply between the steam
nozzle and the vacuum tube and the secondary supply at the
opening between the vacuum tube and the discharge tube. This
arrangement is found greatly to increase the efficiency of the
ejector.

As this type of ejector is designed to work over a very wide
range (a vacuum of 21 in. can be maintained with steam pressures
of 50 lb. upwards), a steam-pressure regulator is fitted so that at
the higher steam pressures the large ejector can be regulated.
This ensures that the minimum quantity of steam necessary to

&
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create the desired vacuum at any given steam pressure is used,

resulting in a greatly reduced steam consumption. The driver's

control handle has the usual three prineipal positions, * brake off,”

-

Fra. 193.—Top : Secrion taroven Nozzues, Steam, Exuavsr,
AND TraiN Prees.  Botlom : SECTION THROUGH STEAM AND
AR ApMissioNn VALVES.

“ running,” and * brake on.”  When the driver's control handle
is moved to the ** brake off * position, a cam acts on the lower
stem of the steam valve, opens it, and allows steam to pass from
the upper into the lower valve chamber and so direetly into the
large ejector nozzle. i
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When the control handle is in the ** running ” and ** brake on
positions the steam valve remains closed. When in the latter
position, a cam acting on the lower stem of the air admission
valve lifts this valve, so allowing air to pass freely from the
atmosphere directly into the train pipe to apply the brake. This
air valve is of the ordinary drop type and has been adopted in
place of the usual rotating or dise valve in other ejectors with
which air leakage is experienced frequently, and the cost of
upkeep of which is heavy. With the drop type of valve, air leakage

e, 194, —Mercanre Vacuvum Brake EJECTOR FITTED WITH
Steam BrRARE VALve.

is practically eliminated and under normal conditions no upkeep
will be required.

As a steady and constant degree of vacuum must be main-
tained in the brake system. a relief valve is fitted to avoid any
variation. This valve is so set that with any increase of the
standard train vacuum, air is admitted to the train pipe system
to prevent the vacuum rising above the predetermined figure.
Driver’s release valve and steam brake valves also are fitted to
the ejector when required. The Metealfe vacuum brake ejector
is interchangeable with the existing standards.
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STEAM BRAKE

Many engines and tenders are fitted with steam brakes,
which ean be worked in conjunction with the automatic brake
upon the train, or used separately when the engine is running
light or working goods trains. This type of brake is very simple ;
the power is obtained by admitting steam at boiler pressure
behind a piston contained in a eylinder about 10 in. dia. placed
below the footplate. The piston rod is connected to the brake
levers so that the whole energy of the steam may be exerted
through the brake blocks. As the adhesion of the wheels to the
rails is proportionate to the weight of the locomotive, it is
possible to use a very powerful brake on the engine, so that with

steam at 180 lb. per sq. in. pressure an approximate load of

6 tons is available for transmission by the piston rod to the
brake levers.

By Gresham & Craven'’s automatic steam brake valve, shown in
Fig. 195, the steam brake is applied on the engine and tender
automatically with the vacuum brake as follows :—

When the ejector creates a vacuum in the train pipe, the
chamber A on the inner side of the vacuum or controlling piston I3
also is exhausted through the port €, and the pressure of the
atmosphere which is exerted against the outer side thus moves
the piston inwards. This movement is transmitted by the lever D
to the steam piston £, which is fixed upon its seat, and thus shuts
off the steam supply to the brake cylinder at F, when the valve
is then in the off or running position, as shown in the drawing.
When the vacuum brake is applied, the air in the train pipe is
admitted also to the chamber A through the small feed hole H,
and the ball valve (7 is closed by the rush of air, thus preventing
a sudden application of the brakes on the engine and tender,
The pressures on either side of the controlling piston B therchy
are equalised gradually until the steam pressure forces the piston
from its seat, thus admitting steam at O through the passage J
to the cylinder and applying the brakes. The release takes place
automatically by the recreation of the vacuum in the train pipe
again exhausting the chamber A4 as at first deseribed, and the
steam supply is shut off. After the steam supply is closed a
certain amount will be retained in the eylinder and connection J ;
this is passed through the exhaust port K and on through the
port L, which is in communication with the exhaust barrel of the
combination ejector through the hole M, when the valve is again
in its running position.

The piston K is so formed that when open for steam at O
the exhaust port at K is closed and the steam in passing to the
brake eylinder is in contact with the top side of the piston at N,
the effective area of which is equal to that of the end O, thus
putting the piston in equilibrium so that its movement is easily
controlled by the varying amount of vacuum in the train pipe
and chamber 4. The application of the steam is thereby pro-
portionate to that made by the vacuum brake. The diagonal
passage P prevents the accumulation of pressure on the side of
the piston @ because of leakage, which would disturb the
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equilibrium. When the ejector is closed the steam valve is main-
tained shut by the trigger R being hooked over the pin. It is
so arranged that it is impossible for the trigger to hold the lever D
when a vacuum is ereated in the ehamber A.

1

5 : FACE OF FLANGE

GRrRESHAM & CRAVEN AUuTOMATIO
STEAM Brake VaLve.

Fia. 195,

1t will be observed that the action of hooking the lever pulls
out the piston B by means of the catch S ; when the vacuum is
created the piston is forced back and, pressing on the catch,
unhooks the trigger, and the lever is then free.
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From the foregoing will be evident the important duty of
the vacuum piston, sometimes called the air piston, in controlling
the admission or exhaustion of steam to and from the brake
eylinder, and every eare therefore should be taken to maintain
it in the best possible working condition. Seeing that the piston
is casy of access, it should be taken out for examination from
time to time, and cleaned with a cloth and lubricated before
replacing. It is also important that the steam piston and seat
in the brake valve should be maintained steamtight, otherwise
a constant blow, because of steam leakage, will take place through
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its seat.

When a new piston or seating is fitted, care should be taken
to ensure that the piston is a proper length, to give a full
opening at the exhaust passage with the piston upon its seat. If
the exhaust passage is allowed to become throttled some resistance
may be offered to the release of steam, thus causing the brake
blocks to rub on the wheels. The ball G placed between the
two ejector faces should be examined occasionally, as any ob-
struction would affect the creating or the destroying of the vacuum.

The automatic steam-brake wvalve illustrated and deseribed,
although still largely used, has the limitation that absolutely
synchronous graduation of the pressure of the steam brake with

Fia.
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the pressure of the vacuum brake is not effected under all
conditions, particularly after wear and usage have occurred.

Gresham & Craven's graduable automatic steam brake valve,
manufactured for and supplied by the Vacuum Brake Co. Ltd.,
now has been patented and is in extensive use. It has the
exclusive feature of ensuring synchronous action of the two brakes
(steam and vacuum), whether in application or release.

It can be arranged for direct attachment to the ejector or
as a separate piped fitting, and Fig. 196 shows the graduable
steam brake valve in section. For clarity of description this
arrangement has been reproduced in diagrammatic form, as
shown in Fig. 197 ; the operation and function are as follows :—

Condition |.—Full working vacuum in train pipe : the vacuum
piston A and steam piston F in lowest position, as shown. Steam
brake eylinder connection is open to atmosphere. Valves D and
I are shut to steam from boiler. The vacuum cylinder B is
actually a miniature standard vacuum brake eylinder and operates
in exactly the same manner as the brake cylinders along the
train, with air drawn from the top side past the non-return
valve (.

Condition 2.—Air admitted to train pipe through driver’s
brake valve. The vacuum piston A moves upward under the
influence of air pressure proportional to the quantity of air
admitted. Lever G pushes up steam piston F, shutting off
connection from the steam brake eylinder to the atmosphere.
Top extension guide of piston F opens pilot valve D, allowing
steam to enter cavity S, thus balancing pressure of steam on top
of main valve K. Further upward movement causes pilot D to
lift main valve E, which requires very little effort because of
the balance effected as described, which lifts main steam valve I
thus admitting steam from boiler direct to steam brake cylinder
and also on top side of steam piston F.

When the steam pressure above piston F builds up and pro-
duces a downward force sufficient to overcome the upward force
from the vacuum piston A, the steam piston F moves downwards,
shutting valves D and E until a balance with vacuum piston A
has been struck. Thus the pressure of the steam in the brake
cylinder is regulated by the degree of admission of air to the
train pipe, so the steam brake goes on and comes off with a force
truly proportional to the train pipe vacuum at any moment.
It will be seen particularly that the action begins as soon as any
air is admitted and not after a certain degree of vacuum has been
destroyed in the train pipe.

The initial admission of air to piston A of the miniature
vacuum cylinder B is damped out by the provision of a separate
ball in the connection to the train pipe, which allows air to be
drawn out full bore, but the ball seats on the admission of air
and the air has to reach the piston through a small restricting
hole.  This is effected so that the local admission of air may have
time to put on the wvehicle eylinders synchronously with the
movement of the piston F.

Hand Operation.—The movement of handle N to first notch
of sector plate P compresses spring L, and by means of spindle K
and bell erank H acts on lever G as before, Steam pistnn Fis
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now balanced against spring L instead of against vacuum piston A.
Further movement to second or other notches increases the load
in the spring L and consequently alters the pressure in the steam
brake eylinder in direet proportion.

The hand lever accordingly can be put in a noteh and left
there, when the steam brakes will be held on with a corresponding
force. For instance, in the first noteh, if going down a long bank,
the brakes will remain on with one quarter of the maximum
available power and so on pro rata.

THE WESTINGHOUSE AUTOMATIC BRAKE

The Westinghouse automatic brake is eontinuous throughout
the train and is operated by compressed air from a pump and
stored in the main reservoir on the engine. This compressed
air is fed by a driver’s brake valve into the train pipe and past
triple valves to an auxiliary reservoir on each vehicle.

The brake is applied by reducing the pressure in the train
pipe, which causes the pistons of the triple valve to move and
permit some of the compressed air stored in the auxiliary reservoirs
to pass to the brake eylinders, the pistons of which are forced
outwards, applying the brake blocks to the wheels.

The brake is released by restoring the pressure in the train
pipe. which causes the triple valves to close the communication
between auxiliary reservoirs and brake cylinders and open a
port from the brake eylinder to the atmosphere, through which
the compressed air escapes from the eylinder. The spring in the
eylinder then can push back the piston and withdraw the blocks
from the wheels.

The brakes usually are applied by the driver, or in cases of
emergency by the guard, but a breakaway, rupture of a hose
coupling, or other sident. causing an escape of air from the
train pipe, also immediately apply the brakes, hence the term
“automatie,”

As shown in Figs. 198 and 199 the complete apparatus consists
primarily of a steam cock which supplies steam through the
pump governor, which is adjusted automatically to cut off the
supply of steam when the desired pressure of air has been forced
by the pump into the main reservoir. This reservoir is connected
directly through an isolating cock to the driver’s brake valve.
The compressed air passes from the driver’s brake valve through a
feed valve which is adjusted to maintain the desired pressure
in the train pipe automatically. The compressed air flows from
the train pipe through the feed grooves of the triple valve into
the auxiliary reservoir, whence it passes to the brake eylinders,
to apply the brakes as already described. Hose couplings connect
the train pipe throughout the train, and the communication
between vehicles is controlled by coupling cocks.

The pump for supplying the compressed air (Fig. 200) is
arranged vertically, and consists of a steam eylinder 61 and
air eylinder 63, joined by the centre-picce 62, The main steam
piston 77 and air piston 78 are fastened both to the same rod,
and move together as one piece. The pump is driven by steam,
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Frc. 198.—GENERAL ARRANGEMENT OF WESTINGHOUSE AIR BRAKE EQuiPMENT 0N LOCOMOTIVES.

which is admitted to the upper eylinder 61. The supply and
exhaust steam to and from this cylinder is controlled by a
distribution slide valve in conjunction with the main valve, by
which it is operated. The movements of the main valve are
governed by the reversing valve 65, which is actuated by the main
piston 77,
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The air piston 78 moves in exaectly the same manner as the
steam piston 77. At ecach upward stroke the former draws air
from the outside atmosphere through the strainer 92 and the
lower receiving valve 91 into the bottom part of the eylinder
63, and delivers at the same time the air from the top part of this
eylinder through the upper discharge valve 91 into the main
reservoir. At each downward stroke of the piston 78 this action
simply is reversed, and air is drawn in through the upper receiving
valve 91, and simultaneously discharged from the opposite end
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Fia. 199 —GENERAL ARRANGEMENT OF WESTINGHOUSE
Ak Braxke EquirmesxT ON TRAIN.

of the eylinder through the lower discharge valve 91 into the
main reservoir.

The air valves are of the ordinary description, and all of the
same size. They are arranged so that they ean be removed easily
and examined. A small oil cup, with tap, is placed on the top
of the air eylinder, and should be used exclusively for the purpose
of lubricating this eylinder. For lubricating the steam eylinder
and valve motion, a lubricator 110 is supplied with each pump.
The condensation water, which may colleet in the lower part
of the steam eylinder when the pump is not working, should be
drained off by opening the cock provided for the purpose.

A considerable saving in steam is effected by the use of the
air pump governor (Fig. 201) as the air pressure automatically
is kept within certain limits and the pump, therefore, never
works unnecessarily. The governor is attached to the steam pipe
leading from the locomotive boiler to the air pump. Steam from
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the boiler enters the governor at F, flows through the valve 14,
and passes by D to the pump, which thus is put into operation,

and will continue to work until the
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Fie. 200.—ComprEessED A Pump
oF WESTINGHOUSE SYSTEM.

air pressure in the main

reservoir, acting upon the
underside  of  the dia-
phragm 9, exceeds the
tension to which the reg-
ulating spring 7 is set.
Any excess of pressure
will force the diaphragm
upwards,  lifting  the
valve 11 and allowing
compressed air from the
main reservoir to  flow
into the ehamber G. The
air pressure forces the
piston 12 downwards and
closes the steam  valve
14, thus cutting off the
supply of steam to the
pump.

As soon as the air
pressure in the main res-
ervoir is reduced, the reg-
ulating  spring 7 will
return the diaphragm 9
to the position shown,
and so  close the pin
valve 11.  The com-
pressed  air  previously
admitted to the chamber
(i escapes  through the
small port a into the
atmosphere.  The steam,
acting upon the lower
side of the wvalve 14,
lifts this valve with the
piston 12 to the position
shown, and again flows
from the boiler to the air
pump, keeping the latter
working until the required
air pressure is obtained
again in the main reser-
voir. The regulating
spring 7 may be adjusted
by means of the screw 6
to suit the pressure of air

intended to be carried in the main reservoir.
As previously mentioned, the compressed air is fed by the
driver’s brake valve into the train pipe and past the triple valves

into the auxiliary reservoir on each vehicle. The prineiple of

this brake valve (see Fig. 202) is not to allow the driver in
ordinary applications of the brakes to discharge air directly from
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the main pipe, but from a small reservoir connected with chamber
T of the valve. Then the reduction of air pressure thus effected
in the reservoir is repeated automatically and properly at once in
the train pipe by means of a small equalising piston 11 placed
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between the air in the chamber T and that in the train pipe E.
The piston moves in accordance with the variations in pressure
above and below it, and governs an exhaust valve U in such a
manner that the air pressure in the train pipe always must
equalise with that in the small reservoir connected with the valve
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chamber T. Even if the exhaust of air from the brake valve
reservoir is stopped abruptly by the driver, the discharge valve U
always is closed gradually by the piston when equilibrium of
pressure is established throughout the train. The equalising
device, therefore, will provide under all circumstances for a
uniform reduction of pressure in the train pipe, thus ensuring

e

e

Fia. 202.—SEcTIONAL AND Praxy Views or
Driver's Brake VALVE.

a uniform application of the brakes to all the vehicles in the
train.

There are five principal positions of the brake valve handle,
and the operation of the wvalve for working the brake is as
follows :—

1. Position for Charging the Train and Releasing the Brakes.—
When the valve handle 6 is placed in the position as shown in
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Fig. 202 (top view), compressed air from the main reservoir,
entering the brake valve at F, flows through the ports @ and b
and eavity i (in the rotary valve 4), through the ports e and
K (in the valve body I) to the passage L, whenee it passes to the
chamber T, seating the equalising piston 11 and also feeds into
the small reservoir attached to the brake valve.

At the same time compressed air from the main reservoir also
flows through the port a of the rotary main valve 4 into the blank
eavity H in the body I. This, in the present position of the
valve, communieates with the cavity 8 in the valve face, and
allows the air to pass through S into the port V and the train
pipe K. Thus a direct and free communication is established
from the main reservoir to the train pipe, as well as to the
chamber T and the small reservoir attached to it. The exhaust
valve U closes the port O, and equal pressure exists on both sides
of the piston 11.

2. Position Whilst Running.—When the valve handle is
turned into the second position the air flowing through the
passage a of the rotary valve feeds into the cavity H in the valve
seat, but no longer can pass to the train pipe I, as the communica-
tion between the cavities H and 8 now is cut off.  In this position,
however, the port b in the rotary main valve 4 corresponds with
port ¢ in the body I, leading to the attached feed valve (sco
Fig. 202 (lower view)).

3. Lap Position.—When the valve handle is placed in this
position, all ports in the rotary valve 4, as well as in its seat,
are closed, and all communication to and from the train pipe E,
the chamber T, and the brake valve reservoir is eut off.

4. Position for Moderate Applications of the Brake.—To
apply the brakes with moderate force the valve handle is turned
to the position 4, when air from the chamber T and its reservoir
is allowed to escape into the atmosphere through the passage L
and port ¢ in the body I, the recess f in the rotary valve, and the
exhaust opening W in the valve seat. This causes a reduction of
pressure on the top of the piston 11, the excess of pressure, now
acting on the underside of this piston, forces it upwards,
unseating the discharge valve U, and allowing air to escape
from the train pipe I through the exhaust pipe O, until the
pressure in the pipe throughout the train is equal to that yet
remaining  in  the chamber T.  When equilibrium  thus is
established the piston is moved back and the valve U returned
to its seat, closing the exhaust port O, and preventing further
escape of air.

5. Position for Emergency Applications of the Brake.—
When the valve handle is turned beyond the position 4 towards
the right, a wide and direet communicittion between the train
pipe and the atmosphere is established through the port V, the
cavity 8 in the rotary valve 4, and the exhaust opening W in
the seat of that valve ; the air therefore escapes from the train
pipe I with great rapidity, causing instantaneous application of
all the brakes with full power.

The feed valve (Fig. 203) is adjusted automatically to maintain
the required pressure of air in the train pipe.  When the driver’s
brake valve handle is in the ** running position,” air is allowed to
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pass from the main reservoir through port ¢ in the brake valve
to port (' and chamber A in the feed valve. This forces the
piston 4 toward the right into the position shown, and with it the
slide valve 5, which uncovers port B through which the air flows
to the train pipe E, thus charging the latter to the desired
maximum pressure for which the regulator is set. Compressed
air at the same time feeds through port D, cheek valve 10 and
passage I into chamber G,
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Fia, 208, —Recurarise FEep VALVE or
WESTINGHOUSE BRAKE SysTEM,

The regulating device consists of a diaphragm 13 loaded with
a spring 16, and in the operation of feeding the diaphragm
gradually becomes depressed as the maximum pressure in the
train pipe is reached. So long as the regulating valve 10 remains
open, greater pressure exists on the left side of piston 4, keeping
open the feed, but when valve 10 is closed, leakage past the piston
from the main reservoir equalises the pressure on either side of
piston 4. This allows spring 7 to force over the piston and slide
valve to the left, thus closing the feed.

When the train-pipe pressure decreases, the spring 16, acting
upon the diaphragm 13, opens the valve 10, thus allowing the air
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in chamber G to communicate with the brake pipe 1. The main
reservoir pressure, overcoming the tension of the spring 7, again
forces the piston 4 with slide valve 5 to uncover port B, charging
the train pipe until the pressure therein again overcomes the
tension of the regulating spring 16.

The spring 16 can be adjusted by means of nut 17 so that
any pressure, within certain limits, can be carried in the train
pipe.  If there is any leakage from the train pipe, this valve will
maintain automatically the working pressure. The capacity for
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Fri. 204, —WESTINGHOUSE ** OrpINARY
TrirLE VALVE.

feeding is such that on ordinary trains the brakes may be released
through this feed valve without placing the driver's brake valve
handle in full release position, so that it is impossible to admit any
higher pressure to the train pipe than that to which the regulating
spring is set,

The Westinghouse ** Ordinary ” Triple Valve (Fig. 204) controls
the admission and exhaustion of air to and from the brake
eylinders. 1t is operated by the variations of pressure in the
train pipe in such a manner that it automatically admits com-
pressed air from the corresponding reservoir to the brake eylinder
whenever the pressure in the train pipe is reduced, and discharges
the compressed air from the brake eylinder when the original
pressure in the train pipe is restored.
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The construction and the method of operation of this valve
are as follows :—

Enclosed in a case 1 is a piston 5, carrying with it a slide valve 6,
which covers the port a to the brake eylinder, and in the position
shown establishes a communication between port e and the
atmosphere by the cavity b and exhaust passage c. Compressed
air from the train pipe enters at 1, and, forcing up the piston 5,
feeds past it through the groove d and passage C into the auxiliary
reservoir, which thus is charged with an air pressure cqual to
that in the train pipe. The reservoir, triple valve, and train pipe
then contain equal air pressure, and so long as this is maintained
the brake remains out of operation

On a reduction of pressure being made in the train pipe the

piston 5 will be moved downwards because of the excess of

pressure now aecting on its upper surface. The piston—having a
limited movement without affecting the slide valve 6—closes the
feed groove d, at the same time unseating the graduating valve 7,
which thus opens the port e. The piston then also moves down-
wards the slide valve 6, which cuts off the communication from
the cylinder to the exhaust port ¢, and opens the port ¢ to the
passage a, leading to the brake eylinder, into which compressed
air from the auxiliary reservoir immediately flows and applies the
brake. The further downward movement of the piston 5 and
slide valve 6 is arrested by the decrease of pressure above the
piston caused by the air flowing into the brake eylinder.  As soon
as the pressure in the reservoir thus is reduced a little below that
in the train pipe, the piston 5 is moved up so far that it closes
the graduating valve 7, while the slide valve 6 retains its position.
Simply by producing further reductions of pressure in the train
pipe, the motion of the piston 5 and graduating valve 7 may be
repeated, and the driver can introduce gradually any desired
pressure into the brake eylinder from zero to the full power.

When a considerable reduction of pressure in the train pipe is
made suddenly, the piston 5 is forced down at once to the limit of
its stroke, and seated on the leather gasket 10, The slide valve 6
then entirely uncovers the port a, so that the compressed air from
the auxiliary reservoir flows into the brake cylinder with great
rapidity, applying the brakes with full force.

To release the brake, air again is admitted from the main
reservoir to the train pipe. The air pressure, acting against the
reduced pressure in the auxiliary reservoir, forces the piston 5
and slide valve 6 into the positions shown, thus permitting the
air in the brake cylinder to exhaust through the port e, and at
the same time the auxiliary reservoir is recharged through the
feed groove d.

The Westinghouse Quick-acting Triple Valve (Fig. 205) forms
the essential part of the quick-acting brake apparatus. Its
operations are controlled by the variations of pressure in the
train pipe as deseribed for the “ordinary 7 triple valve.  The
device consists of two piston valves, one working horizontally and
the other vertically. The horizontal main piston valve is in its
construction and operation similar to that in the * ordinary
triple valve.

In ordinary applications of the bhrake only the horizontal
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main piston valve operates, admitting air from the auxiliary
reservoir into the brake eylinder, and the secondary piston 13
and the valve 18 remain at rest.  When, however, on a sudden
recluetion of the pressure in the train pipe the piston 5 and its
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slide valve 6 are brought to their extreme positions towards the
right, compressed air is admitted to the upper side of the secondary
piston 13. This, driven down, opens the valve 18, thus admitting
compressed air from the train pipe through the check valve 19
to the brake cylinder, which at the same time is charged also
with compressed air, admitted by the slide valve 6, from the
auxiliary reservoir, The discharge of air from the train pipe into
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the brake eylinders has the effect of reducing the pressure in the

train pipe rapidly which causes a practically simultancous action
of the brakes even on the longest goods trains.
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Fra. 206, —WesTiNcHoUSE IMPROVED TRIPLE VALVE.

To release the brakes, compressed air from the main reservoir
is admitted by means of the driver’s valve into the train pipe,
whenee it enters the triple valve by the passages K and [, and
forces piston 5 and slide valve 6 to their original position. In
the course of this movement the exhaust cavity b of the slide
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valve first connects the passage & to the exhaust port ¢, relieving
the pressure from the top side of the piston 13, which is returned
to the position shown by the air pressure in the brake eylinder,
whilst the spring 20 closes the valve 18. As the slide valve 6
completes its leftward movement the cavity b also opens the
passage a to the exhaust pipe ¢, which discharges the air from the
brake cylinder and releases the brakes. The auxiliary reservoir is
again charged, as already deseribed, through the grooves d and f.

To secure the simultaneous release of the brakes a nipple,
having an aperture corresponding to the size of the brake

8
B

-

(0000

Fra. 207.—Brake Cynisner, VErTICAL TypPE.

eylinder with which it is used, is inserted in the mouth of the
exhaust port of the triple valve. By means of the cock in the
lower part of the triple valve the whole brake apparatus on a
vehiele, or simply the quick-acting feature thercof, may be put
out of use without in any way affecting the action of the brakes
on other vehicles of the same train. In the vertical position M
of the cock handle the quick-action is in use ; by turning it to
N the brake is entirely put out of operation, and by turning
still further to the position O the quick-action only is taken away,
and the apparatus works in precisely the same manner as the
“ ordinary " triple valve,
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The Tmproved Triple Valve (Fig. 206) has been designed to
give a closer approach than heretofore to simultancous action of
all the triple valves in a train. As illustrated, the valve is in
the release position, and the bulb is open to the atmosphere.
When the slide valve 6 is moved by applying the brakes, the
bulb 3 is closed to the atmosphere and opened to the train pipe
by the cavity p and port s shown in dotted lines. The local
reduction of train-pipe pressure thereby produced by the forward
triples in a train causes an earlier action of the rearward triple
valves, which results in a more nearly simultaneous braking effect
throughout the train in every case of first setting the brakes,
with a smoother and more efficient brake service generally.

The bulb at the bottom of the triple valve is made in different
sizes, proportioned in content to the volume of the train pipe
of the vehicle on which the valve is used.

To release the brakes, air from the main reservoir is admitted
by means of the driver’s valve into the train pipe, whenee it
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enters the triple valve at E, flows through passages K and 7,
and forees piston 5 and slide valve 6 to their original position.
In the course of the movement the exhaust cavities b and p in
the slide valve connect port g with port a', and port s with port »,
respectively. The air from the brake cylinder and from the bulb 3
is then discharged to the atmosphere, and the brakes are released.
The auxiliary reservoir is then recharged again through grooves
d and f.

A brake eylinder (Figs. 207 and 208) is fitted to the loco-
motive, tender, and to each braked vehicle. FEach brake eylinder
contains a piston, having its rod attached to the brake gear
in such a manner that the brake blocks are pressed against the
wheels when the piston is forced out by air pressure.

As long as the brake is not applied the eylinder is free from
air pressure.  When, however, the brake is put into operation,
compressed air is admitted to the eylinder by the corresponding
triple valve, and the air pressure, acting upon the piston, forces
the latter forward, thus applying the brake blocks to the wheels.
When the air is allowed to escape from the eylinder, the spring
(which has been compressed in applying the brake) extends and

BRAKES 329

returns the piston and brake gear to their original positions,
thereby releasing the blocks from the wheels.

To prevent the application of the brake from slight leakage
in the train pipe, each brake eylinder is provided with a small
groove, which establishes a communication between both sides
of the piston when the brake is not applied. If, because of
such leakage, a slight flow of air to the brake eylinder should
oceur, the air would pass through the groove to the atmosphere
without moving the piston. When, however, a considerable
quantity of air is admitted to the eylinder, as in ordinary applica-
tion of the brake, the piston is immediately foreed past the groove
and an escape of air from the eylinder is thus prevented.

To ensure that the pistons of all the brake cylinders in the
train completely clear the corresponding leakages groove, the
driver always should reduce the pressure in the train pipe by
not less than 5 1b. whenever he puts the brake into operation,
and eare must be taken also that on every vehiele the brake gear
is 50 adjusted that it allows the piston to travel sufficiently far.

The brake cylinder should be lubricated at least every three
months, and it is recommended that ** Paragon Grease " be used
for this purpose. The grease should be warmed, so that it may
be readily injected with a syringe, and the brake gear should
then be detached from the crossheads and the pistons turned
round a few times.

In the ease of the Quick-Acting and Improved Brake
Apparatus, the auxiliary reservoir, triple valve and brake eylinder
frequently are bolted together to form one piece.

In addition to the foregoing parts, the engine is fitted also
with the following adjuncts: (a) A gauge, having a red and
black hand. The red hand indicates the pressure of the air in
the main reservoir, and the black hand the pressure of air in the
train pipe. (b) A drip cup, inserted in the train pipe on tank
engines and tenders to intercept any oil or moisture which other-
wise might pass through the train pipe to the brake apparatus
on the vehicles, (¢) A release valve, to enable the air to be
discharged direct to the atmosphere from the brake eylinder or
auxiliary reservoir, if occasion requires. (Nore.—This release
valve is included also in the carriage equipment.) (d) A release
spring, to withdraw the brake blocks from the wheels when they
have been applied by means of the hand brake only. (Nore.—
Carriages and wagons fitted with hand brakes also require this
release spring.)

Guards’ vans are fitted with a single hand-gauge to indicate
the pressure of air in the train pipe, and a cock for applying
the brakes in cases of emergeney.

As the complete apparatus now has been deseribed, some
particulars of the operation of the brake will be of interest.

To apply the brake with moderate force, the handle of the
brake valve must be removed beyond the * Lap Position ™ (I11)
towards that for * Ordinary Applications " (IV), and a reduction
of pressure made of not less than 5 Ib., after which the handle
must be placed in the © Lap Position 7 (I1T).  When the brakes
have been putin operation, very small reductions of the pressure
in the train pipe will serve gradually to inerease the brake power,

ITA
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ag circumstances may require. The brakes are applied fully
when a reduction of 25 Ib. has been effected in the train-pipe
pressure, and it would be useless to discharge any further quantity
of air, except as directed for emergeney applications. The handle
of the brake wvalve should never be placed in the * Release
Position ™ (I) just before applying the brake.

For quick stops in emergency, the brake valve handle must
be turned to the right as far as possible to the * Emergency
Position ™ (V) and left there. If the brake should be applied from
the train, either by the guard opening the cock in his van or
automatically (because of a separation of the train, rupture of
hose couplings, ete.), the driver at once must aid in stopping the
train by turning the brake handle toward the right, as in ordinary
applications, which also will prevent the escape of air from the
main reservoir. It is to be remembered that less brake force is
required for stopping from a low speed than from a high speed,
and the brakes should not be applied so foreibly as to skid the
wheels, which is less effective in stopping.

After the train has been brought under control and before
it comes to rest. to prevent the jerk which often is experienced
at this moment, the brake valve handle may be put in the ** Release
Position " (1) until the train comes to a stand, and then be brought
back immediately to the * Running Position ™ (11).

In releasing the brakes, the brake valve handle should be put
momentarily into the ** Release Position ™ (I) to reverse the triple
valves, but brought back at once to the ** Running Position
(I1), in which position the pressure in the train pipe and auxiliary
reservoirs will be restored to the authorised maximum through
the feed valve without any danger of creating a pressure higher
than that authorised.

The air brake on any vehicle may be released by hand if
necessary,  For this purpose, the wire attached to the release
valve handle and fixed to the carriage frame must be pulled, and
the valve held open until the brake is released. When the release
valve is connected with the auxiliary reservoir, the valve should
be held open only until the triple valve piston is reversed and air
begins to escape from its exhaust port.

When trains are worked by two engines, the brakes should be
entirely under the control of the driver of the leading engine. On
the second engine the isolating cock in the main reservoir pipe
under the driver’s brake valve must be closed, and the brake valve
handle placed in the * Release Position ™ (1) as soon as the
leading engine is coupled on to the train. The air pump of the
second engine should be kept going and the maximum air pressure
be maintained in the main reservoir, so that the driver of the
second engine may be ready at any time to take charge of the
brakes in case of necessity or emergency, when he ean apply all
the brakes in the train by throwing open the brake valve in the
usual way. After the leading engine has been uncoupled from
the train, the driver of the second engine at once should open the
cock under the brake valve. If he omits to do this, he will not
be able to release the train brakes from the engine.

The following points apply more particularly to the working
of the brake.
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Before the pump is started, the drain cock must be opened
g0 that any water which has collected in the steam cylinder is
drained off. Preferably, this cock should be left open after the
engine has finished work, to avoid any accumulation of water,
which may freeze in winter and split the steam cylinder. The
lubricator in the top head must be emptied of water by opening
the plug valve, and then should be filled with the lubricant
provided for the purpose. The small oil cup on the top of the air
evlinder also must be filled onee a day with good mineral oil.
Tallow or other animal or vegetable oils must not be used in the
air eylinder. The piston rod glands must be kept well packed to
prevent condensed steam from the steam eylinder from running
down into the air cylinder.

After the pump has been attended to in accordance with
these directions, it should be started slowly, to allow the water
of condensation to escape from the steam eylinder and to prevent
knocking, which may occur when the air pressure in the main
reservoir is low. If the pump is not fitted with an automatic
governor, it should be kept working continually at moderate
speed, and be so regulated that the preseribed pressure is main-
tained in the main reservoir.

The air pressure in the main reservoir should be 90 Ib. per
8. in., and the pump governor should be set to maintain this
pressure. It is important that the main reservoir and drip cup
should be drained regularly.  For this purpose the plug in the
main reservoir, as well as the bottom cap of the drip eup, should
be unserewed at least once a week.

When the main reservoir has been charged to the preseribed
pressure for working the brakes, the driver’s brake valve must
he tested to see that it works properly in all positions of the handle.
When the train is running the handle of the brake valve must
always be kept in * Running Position ™ (L1).

The driving wheel brake should never be cut out.

The pressure in the train pipe should be 70 Ib. per sq. in.,
and the feed valve by which the pressure of air is maintained
automatically in the train pipe when the brake valve handle is
in the * Running Position ” should be set to that pressure.

The couplings between two vehicles are united by placing
their heads face to face at right angles, and then turning the pro-
jeeting rib of one into the corresponding groove of the other.
When couplings are disconnected, they should be attached always
to the dummy couplings to prevent dust and sand getting into
them. Before the couplings are separated the corresponding
coupling cocks must be closed.

Before coupling on to a train, the driver must sce that his
main reservoir is charged to the preseribed pressure.  In attaching
to a train, the brakes of which are not already charged, the brake
valve handle should be placed in ©* Running Position ™ (I1) before
the coupling cocks are opened.  When these are opened between
the tender and the front vehicle, the pressure in the train pipe
on the engine will be reduced and the brakes on the engine and
tender will be applied antomatically.  After the cocks between
the tender and train have been opened, the brake valve handle
should be placed in the * Release Position ™ (1), and the train
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pipe and auxiliary reservoirs charged until the black hand of the
gauge shows that the pressure which is authorised, and to which
the feed valve is set, has been reached at the front of the train.
As soon as this pressure is shown on the gauge, the brake valve
handle should be placed in the ** Running Position ™ (II), and
when this has been done the black hand on the gauge will be seen
to fall below the desired pressure. This is because the pressure
in the train pipe is greater at the front than at the rear of the train,
and the flow of air from the main reservoir, now restricted to the
passage through the feed valve, allows a momentary equalisation
of the pressure throughout the train. The fall in pressure thus
indicated will, however, be restored quickly and automatically
to the desired pressure through the feed valve.

The brake handle must never be left long enough in the
* Release Position ™ (I) to charge the train pipe and auxiliary
reservoirs beyond the authorised pressure, as this may retard
the release of the brakes after an application has been made.

When several attachments are being made, the driver should
have full pressure in his main reservoir, and while the vehicles
are being coupled up should have his brake valve handle in the
* Lap Position ™ (I1) until the train is made up completely,
when he must place the handle in ** Release Position ™ (I). It
must remain there until the black hand of the gauge shows that
the pressure which is authorised. and to which the feed valve
is set, has been reached at the front of the train. As soon as
this pressure is shown on the gauge the brake valve handle must
be placed in the * Running Position * (II), in which position the
whole train pipe will be charged automatically to the authorised
pressure through the feed valve.

Before closing the train pipe cock and uncoupling the hose
in order to detach the engine or any vehicle from a train, the
brakes on the whole train, if possible, should have been released
fully to facilitate the shunting. If vehicles carrying different
air pressures be coupled together the brakes will apply themselves
automatically on those which have the highest pressure.

When the train has been made up and the driver believes
that all the brakes are charged with air to the authorised pressure,
he should place his brake valve handle in the ** Lap Position ™
(I'1T) and signal for the brakes to be applied from the rear vehicle
of the train. To do this the rear cock should be opened on the
last vehicle, and the person making the test then should walk
up the train and ensure that brakes on every vehicle, ineluding
the engine and tender, are all applied.  He must inform the driver
if any of the brakes are not in operation and how many vehicles
in the train are unbraked. When the driver has received this
information, he should put the handle of the brake valve to the
* Release Position ™ (I) to reverse the triples, and then bring it
back to the * Running Position ™ (II). In this position the
pressure in the train pipe and auxiliary reservoirs will be restored
through the feed valve to the authorised pressure to which that
valve is set.

The object of this test is to show that the brake is in working
order throughout the train. If there should be air in the train
pipe and a cock closed, or the brake pipe uncoupled in any part
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of the train, the brakes would be applied on the vehicles in rear
of the obstruction by the opening of the cock on the last vehicle,
but the driver would not be able from the engine to release the
brakes which have been applied in rear of such obstruction.
On the other hand, if there is no air in the rear part of the train
pipe behind the obstruction, although the driver may believe he
has charged the whole train from the engine, the opening of the
cock in the rear of an obstruction would not apply any of
the brakes, and the driver must be told by the person making
the test that the brakes are not in working order,

Whenever the locomotive is changed or temporarily detached
from the train, and in all cases where the hose couplings between
any of the vehicles have been separated and recoupled, the
brakes on the entire train invariably must be tested in the manner
described.

On locomotives fitted with air brakes, and vacuum ejectors
and piping in addition, for handling vacuum-braked trains,
it is necessary to provide means for synchronising the air-brake
application with that of the vacuum brake. The proportional
valve deseribed and illustrated in Fig., 209 has been designed
by the Westinghouse Company for this purpose. It is operated
by the degree of vacuum obtaining in the vacuum brake system.
The air brake application, it will be noted, is a * straight air
application,” that is, compressed air is admitted direet from the
main air reservoir to the brake eylinder.  If the locomotive is
fitted with automatic air brakes, the compressed air is admitted
to the brake eylinder through the exhaust port of the triple valve,
or through a double check valve.

The proportional valve consists essentially of two elements,
a diaphragm operated on by the vacuum obtaining in the vacuum
brake pipe, and a mechanism for admitting air to, or exhausting
air from, the air brake eylinder. The echamber A on one side
of the diaphragm 2 is piped to a small volume reservoir to increase
the effective eapacity of the chamber, and communication with
the chamber B on the other side of the diaphragm 2, which is
itself in communication with the vacuum brake pipe, is maintained
through a small ball check valve 8, which retains the normal
degree of vacuum obtaining in the brake pipe.

One arm of a bell erank 10 is connected to the diaphragm 2,
the other engaging with a hollow stem 13 joining two balancing
pistons 14 and 15. The upper piston 14 carries a poppet valve 25,
which eontrols the exhaust of air from the air brake eylinder, with
which the chamber C above this piston is in communieation.
The upper part of this chamber is closed by a valve 26 attached
by a loose pin joint to the exhanst valve 25, the valve 26 con-
trolling the admission of air from the air reservoir (which is in
communication with chamber D) to the brake eylinder.

When a vacuum brake application is made, the vacuum is
destroyed partially or wholly in the brake pipe and in the
chamber B. The diaphragm is then forced to one side by the
differential of the pressures acting on it, moving the bell erank 10
and eausing the balancing pistons 14 and 15 to move upwards,
first seating the exhaust valve 25, and then, in a further movement,
opening the inlet valve 26 and allowing compressed air to flow
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to ‘tlm brake cylinder and build up a pressure in the chamber C.
This pressure reacts downwards on the piston 14 and tends to
balance the force exerted through the diaphragm. As soon as a
pressure has been reached in the brake eylinder proportional to
the dv'gmu to which the vacuum brake has been applied, the
balancing piston 14 will be forced downwards and the inlet valve

26 \\‘nll seat. This will take place recurrently as a graduated
application is being made,
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If the vacuum brake is released wholly or partially, the load
due to the vacuum differential acting on the diaphragm 2 will be
reduced and the pressure of the air in the brake eylinder, acting
on the piston 14, will move this downwards away from the exhaust
valve 25, allowing air to eseape to atmosphere from the brake
eylinder until its pressure has been reduced to an amount pro-
portional to the vacuum brake condition then obtaining. When
this point has been reached, the piston 14 will move upwards
and close the exhaust valve 25.
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Trregularities in the working of the brakes may be dealt with
as follows :—

If on any of the vehieles the air brake apparatus does not
work properly, and there is no time to remedy the defect, the
particular apparatus may be shut off without affecting the brakes
on the rest of the train. For this purpose a stopcock is placed
in the branch pipe leading from the train pipe to the triple valve.
This cock is closed when the handle stands across the branch pipe
and open when the handle lies along the pipe.

If the vehicle is fitted with a quick-acting triple valve, the
handle of the cock in the bottom part may be placed first in
the horizontal position O (sce Fig. 205) and the brake again
tested. If its action is still defective, the apparatus must be
put out of action by turning the cock handle to the position N
between the horizontal and vertical positions. The release valve
must then be opened and all the air pressure discharged from
the brake apparatus. The brake must never be put out of action
on any vehicle unless the apparatus is defective. When it is
necessary to put the brake out of action, the driver must be
advised and the fact reported at the end of the journey, so that
the defect may be remedied before the vehicle is again put into
service.

In the event of the bursting of a coupling hose, the brakes
on the entire train will be applied and the train brought to a
standstill. The cock in the train pipe immediately in front of
the burst hose must then be closed and the driver signalled to
release.  All the brakes in the rear of the burst hose must be
released, which will be done by opening the release valves and
discharging all the air pressure from this portion of the train,
on the vehicles of which, consequently, the air brakes then will
be inoperative. The driver should then be told how many brakes
thus have been put out of action, and how many still remain in
working order.

If the train should part, the brakes will be applied automati-
cally to hoth portions of the train, which will thus be stopped.
The cock in the train pipe at the rear end of the first section should
be closed and the driver signalled to release. The two parts of
the train then must be recoupled, the hose couplings united, and
the brakes on the second section also released by the driver.
When it has been ascertained by inspecting each vehiele that the
brakes all are properly released, the train can proceed.

To provide a means of automatically taking up brake-block
wear, the Westinghouse Brake Co. provides a special light-weight
steel automatic slack adjuster, known as the * Weslak™ slack
adjuster. This is inserted usually in the main pull rod of the brake
rigging ; the head end of the adjuster is attached by pivot to
the brake shaft lever, and the opposite end to the pull rod. As
this adjuster is constructed entirely of steel, and because of its
special design, there is only a small increase in the total weight of
the equipment after deducting the weight of that section of the
pull rod which it replaces.

The construction and operation of the slack adjuster are as
follows :—

The apparatus consists of a screwed shaft on which a ratchet
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F1c. 210.—*“ WESLAK " SLACK ADJUSTER SHOWN
AFTER RESETTING,

Fra, 211L—** WESLAR  SLACK ApivsTeR
BEFORE RESETTING,
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wheel is keyed : the shaft and ratechet, which rotate in bushes,
are housed in the head of the adjuster. At the opposite end of
the shaft there is a tubular trunnion nut, machined from solid
steel, which is linked at its outer end to the brake rigging, and
the head of the adjuster is linked to the pull rod lever of the
brake shaft. The pull link is connected at its lower end to a lever
on the brake shaft, and at its upper end to the operating pawl
bracket of the slack adjuster.

During a brake application the pull link and pawl bracket
move upwards, causing the pawl to slide over the tooth on the
ratchet wheel, which is prevented from rotating in an anti-
clockwise direction by a safety lateh. If the brake clearance is
within the limits maintained by the adjuster, the upward move-
ment of the brake shaft lever will stop before the pawl passes
over the top of the ratchet tooth into the next tooth, but if the
clearance exceeds the limits the continued upward movement will
permit the pawl to pass into the next tooth of the ratehet wheel,

During brake release, the downward movement of the pawl
eauses the ratehet wheel and shaft to rotate in a clockwise direction
and reduce the break block clearance by drawing the tubular
trunnion nut towards the head of the adjuster. As the ratchet
wheel rotates, the safety lateh slides over the safety ratehet wheel
tooth and registers in the next tooth, thus preventing the shaft and
ratehet wheel from rotating in an anti-clockwise direction during
the next brake application.

When new brake blocks have been fitted, the slack adjuster
is extended fully to its maximum length and the resetting indicator
is then in a horizontal position. When, on the other hand, the
brake blocks are worn and the adjuster has nearly completed its
working range, the resetting indicator falls to a vertical position.
Fig. 210 shows the * Weslak " slack adjuster after resetting, and
Fig. 211 when resetting is required.
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CHAPTER 14

LUBRICATION

Weight of engine in

Total engine wheelbase,
Tractive effort (at 85 per cent. b.p.),

In passing through the different grades from cleaning to driving,
sufficient. time will have elapsed for the driver to have picked
up many useful hints on the proper application of the lubricants
to the wearing surfaces. In this there is ample scope for the
display of that diseretion which should guide him in adapting
his methods to suit the various circumstances and conditions
under which he is expected to run his engine.  The oil consumption
in the working of a railway is so large and costly that the depart-
mental heads insist on the strictest supervision : thus much
eredit is derived from the economical use of oil, just as of coal.
That the wearing surfaces may be damaged by an insufficient
supply of oil is incontrovertible, so the driver may feel some-
times that he is between the hammer and the anvil in attempting
on the one hand to economige and on the other risk having to
take the blame for failures from heated axles or bearings.

The matter, however, is not quite so arbitrary as would appear
at first sight, for, by the proper attention to trimmings, the
viscosity of the oil, the atmospheric conditions, and the removal of
trimmings when standing for any length of time, many drops of
oil may be saved which tell their own tale at the end of the
month.

Again, by strict attention to the cleanliness of lubricators,
syphons, trimmings, and oil pipes, and so on, a steady supply of
oil ean be ensured, thus keeping the wearing surfaces in far better
condition by the steady application of a few drops of oil at the
proper time and place than by flushing the surfaces with a larger
quantity of the lubricant in an intermittent manner.

The movement, or lack of movement, in the part to be lubri-
cated determines to a certain extent the method of lubrication.
Conneeting-rod ends, eccentric straps, and coupiing rods, for
instance, where the movement is sufliciently pronounced, are

. ft.

i

2 tons 12 cwt.

Coupled whee

Chief Mechanical E
L7316

o
Yoy

Total heating surface, 1

-0 TyrPE ENGINE USED ON THE HEAVILY-GRADED WEST HicHrasp Lixg, L.N.I
ht of engine and tender in working order, 11

i
Coupled wheels, 5 ft. 2 in. diameter.

er 8. in.

2.¢

The late Sir Nigel Gresley, C.B.I

= & =t
=} -
2 A 3z r: lubricated by the agitation of the oil in the cups when the engine
| =i, is working ; plug trimmings usually are fixed inside the central
O 26k oil tube to regulate the flow to the bearings.
= 8B Those portions of the engine having no throw generally are
& - lubricated by tail trimmings, which syphon the oil from boxes
= s or wells, as in the case of the piston rods, valve spindles, and
; =8 o axleboxes, or from cup lubricators as usually fitted to the top
= ST slide bars.
< ’;"__; By taking off the syphon tops, where plug trimmings are used,
] TEB at the end of each journey to see exactly how much oil is in the
- '_T‘:_'n = cups, a driver soon can learn to regulate his trimmings to feed
CEES just the quantity of oil required. \
1o Saf Much depends upon the manner in which the trimmings are
e made, for by carvefully adjusting the number of the worsted

strands to suit elimatic conditions or thickness of oil, and so on, a
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known quantity can be fed constantly to give a steady supply
to the bearings.

In making a big-end trimming, for example, first measure
with a picce of wire the distance from the top of the syphon
pipe to the bearing, and ascertain at the same time the thickness
of the brasses. Assuming that this distance is 6 in., the wire
should be twisted for about 4 in. in the middle part, leaving the
doubled end for the bottom, and the two ends sufficiently long
for bending at the top. Wrap the worsted singly lengthwise over
the twisted part of the wire to the required thickness, counting
the number of strands to know exaetly how many will be required
when replacing, or for any alteration that may be made necessary
by a change in the thickness of the oil supplied from the stores.

After wrapping the worsted, twist the ends left for the top
to leave } in. of bare twisted wire, which will make the trimmings
about 5} in. from the top of the wire to the bottom of the worsted.
Bend the ends for the top outward and upward so that the wire
will rest on the top of the tube to prevent the trimming from
slipping downwards, and the upright ends will come into contact
with the syphon cover, thus preventing the trimming from being
thrown upward by the throw of the cranlk.

Give two neat short turns to the wire below the worsted so
that they will just enter the brasses, to conduct the oil to the
bearing, and the i-in. piece of bare wire inside the tube at the
top will act as a reservoir, allowing the oil steadily to feed its way
downward through the worsted to the journal. A small hole is
bored through the eap of the syphon and tapped. It is usually
plugged with cork, cane, or other porous material, thus allowing
the admission of a certain amount of air necessary to permit
the feeding of the oil and at the same time preventing the oil
being thrown out of the cups by the motion of the rods.

The stringing of these corks, although a simple matter,

should be done as meatly as possible, thus giving evidenee of

careful attention on the part of the driver and fireman. The
corks are dispensed with in some types of lubricators, in which
the holes in the caps are closed with a button, held in position
by a spiral spring. In this type of syphon the trimming also is
replaced sometimes by a bent wire, which projects a short distance

down the tube, so that the oil which it retains at every throw of

the rod drops from its end down to the journal. This is known as
a **needle " lubricator.

The foregoing lubricators are not really syphons, but have
been so designated because generally they are referred to as
such by drivers and firemen. Lubricators with tail trimmings,
however, may be classed as syphons, seeing that the oil is syphoned
from the oil-box or well, first upward and then downward from
the higher to the lower level by the action of eapillary attraction
in the trimming. In supplying the oil to the part to be lubricated
each worsted strand may be looked upon as a small capillary tube
which has a continuous action as long as the oil supply lasts ;
hence the necessity for removal of trimmings where possible at
times when the supply of oil is not required.  The amount of oil
that a trimming will convey is varied, therefore, by the thickness
of the oil, the number of strands, or the eleanliness of the trimming.
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The mops which are used in tonjunction with tail trimmings
for lubricating the valve spindles and piston rods are apt soon to
look filthy, so that fairly frequent renewals should be made if
only to denote that they are receiving the required attention.

Fra, 214.—WakerieLd No. 2 PATTERN
MECHANICAL LUBRICATOR.

1. 215.—WakeriELD No. 7 PATTERN
Mecuanicarn LuBricaToR,

Tail trimmings also will be found on different parts of the
motion-work. They are so simple that little need be said about
their construction, beyond mentioning that for axleboxes, and
s0 on, the twisted wire should be of sufficient length to allow the
trimming just to enter the brasses.

Before leaving the shed the driver should examine the engine
and tender axleboxes, to make sure that the oil is in contact with
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Firi, 216 —MECHANICAL LUBRICATOR DRIVEN FROM KEXPANSION
Link oF Warsonaerts VALve Gear.  (See also Fig. 231.)

Fie. 217.—Mecuanicat, LUBRICATOR DRIVEN
FROM CROSSHEAD.

the journals. If water has found its way into the boxes during
the washing-out, it should be syphoned out.  Otherwise the oil
will float, and only water will be in contact with the journal,
which would be liable to heat up because of the oil supply being
cut off. This also applies in a lesser degree to the other lubricators,
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as by the displacement of a cork or a cover water might be retained
and interfere with the proper lubrication of the parts affected.

For greater convenience in working, particularly in view of
the prevalence of long non-stop runs, the oil-boxes for all the
coupled axleboxes and horn blocks now are located frequently
side by side on the footplate in a position above the fire-hole
door, where the driver easily can adjust the trimmings and supply
of oil while the engine is running, without having to leave the
cab. Long pipes convey the lubricant down to the coupled axlebox
bearings and horns.

The steady increase in the weights of locomotives and rolling
stock generally and the modern practice of long-distance non-stop
runs have rendered the question of axle lubrication of the greatest
importance. These modern conditions of high-speed transit
and heavier loads, therefore, have brought about the introduction
of various devieces, designed with a view to the prevention of delay
caused by hot axleboxes and frictional losses in other wearing-parts.

The mechanical system of lubricating axleboxes has been
used for several years past by most of the important railways
in Creat Britain and abroad. with results which demonstrate a
perfection of lubrication that is quite unattainable with the
ordinary method of oiling by worsted trimmings. The Wakefield
system consists of a mechanical lubricator, usually one of the
types shown in Figs. 214 and 215, which, when actuated by
means of some convenient moving part of the engine giving
constant stroke, as shown in Figs. 216 and 217, forees oil through
copper feed pipes to the axleboxes in constant regulated quantities
which automatically eease when the engine comes to rest. The
oil feed pipes from the lubricator are taken first to a test valve,
which is conneeted by flexible tubing, usually armoured rubber
hose of a special oil-resisting quality, to a check valve fitted into
the top of the axlebox, for locomotives with underhung springs,
and at the side for locomotives with overhung springs (see Figs.
218 and 219). The check valve ensures that the oil pipe remains
full, enabling the oil to be delivered to the journal directly the
locomotive beginsg to move, and also prevents the oil pipes from
emptying when the locomotive is at rest.  The test valve—which
should be inserted at the highest point of the oil feed pipe—
is for the engineman to ascertain by sight whether any individual
pump is working or the oil pipe is full, by unserewing the test valve
and allowing the oil to flow through the small hole. as shown in
Figs. 218 and 219.

Fig. 220 shows a general arrangement of a locomotive fitted
for lubrication on the Wakefield mechanical system for valves,
eylinders, regulator, piston rods, steam brake eylinder, slide bars,
and axleboxes.

This system of mechanical lubrication applied to slide bars on
locomotives is an arrangement whereby the oil is fed through
the feed pipes to a reversible cock, which distributes the oil to
the check valves fitted in the top and bottom bars. The rever-
sible cock is conneected to the reversing lever of the locomotive
by a rod which, when in the forward position, actuates the
reversible cock in such a manner that the oil is allowed to pass
to the top bar or, if the reversing lever is in the backward position,
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to the bottom bar. This ensures that the oil is fed, under pressure,
from the lubricator to the slide bar that is taking the thrust.
This arrangement, perhaps, is appreciated better on works loco-
motives and shunting engines, where the continuous forward
and reverse running of the locomotive necessitates eareful lubrica-
tion of the top and bottom bars.

For locomotives fitted with single slide bars, a simple check
valve is fitted into the bar, and oil fed through from the lubricator.
The following deseriptions of the Furness & Roscoe lubricators
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Frc. 218.—Mernop or AprrLyiNg Forcep Feep LusricaTion to
Locomorive AXLEBOXES WITH UNDERHUNG SPRINGS.

have been retained in the present edition, as doubtless a large
number of locomotives of the older types, fitted with them, are
still in service. The more modern types, virtually in all cases,
have superheater boilers, and are equipped with mechanical or
sight-feed lubricators as standard fittings. Detailed references
are made to both patterns on succeeding pages.

For the lubrication of the piston rings or the valve faces the
presence of steam and the temperature of the parts to be lubricated
must be taken into consideration, so that the methods adopted
are very different from those already quoted for the motion-work.
Ordinary oils which might be suitable under atmospheric condi-
tions in most cases would be totally unsuited to the high moist
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temperatures, and would vaporise or lose entirely their lubricating
qualities immediately they were introduced into the steamchests
or eylinders.  The oil mostly adopted is a thick black mineral oil
which has withstood satisfactorily severe tests under high steam
pressures and temperatures.  As the piston-ring friction always is
present when running, the lubrication of the eylinders must be
continuous either with the steam pressure in the eylinders or with
steam shut off, as when drifting or running down a bank. The
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Fic. 219.—MeTHOD 0F APPLYING ForceED FEED LUBRICATION TO
LocoMoTive AXLEBOXES WITH OVERHUNG SPRINGS.

Furness lubricator, which sometimes is fitted to either the back
or front covers, and sometimes to the crown of the cylinders, is
used extensively for supplying oil under the latter conditions.
The presence of a vacuum when drifting has been mentioned
already in describing the principle of the air valve, and this
principle is applied to the Furness lubricator ; the suetion caused
by the pistons is made to lift a small valve which admits a few
drops of oil from the body of the lubricator to the cylinders.
The lift of this valve should be as little as possible so that it is
returned quickly upon its seat, or the oil will be driven back by
the returning piston before the valve has closed. Tt is maintained
upon its seat by the pressure when steam is admitted to the
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cylinders, so that a little grinding is necessary from time to time,
otherwise the steam will leak past, and the resulting condensation
eventually will fill the lubricator with water.

Many types of lubricators are made for introducing oil against
pressure, as when steam is present in the eylinders. A common
method, at one time almost universal for locomotive purposes,
was to admit steam into the body of the lubrieator, and by the
gravity of the resultant water of condensation foree the oil into
the steam pipe or steamchests. This type is called a displacement
lubricator, and that known as the * Roscoe,” fitted to the sides
of the smokebox, was perhaps the most extensively used. A small
pipe from the main steam pipe in the smokebox is conneeted to
the upper part of the lubricator, and the water formed by con-
densation of the steam supply falls by its specific gravity to the
bottom of the oil cup, thus displacing the oil, which is foreed
outward through the tube to the main steam pipe. It will be
evident therefore that a small amount of space should be left
above the oil in the eup when refilling, so that room will be pro-
vided for the initial condensation to take place before displacement
can begin. A drain cock is fitted to the bottom of the lubricator
for draining the water. It should be tightened only by hand,
and not with a spanner, as is often the case. If the seating is not,
damaged already it may be injured by screwing up too tight,
and if faulty should be attended to by the shed staff. A small
valve regulates the oil supply to the main steam pipe by controlling
the steam inlet to the lubricator,

Modern improvements have rendered these external condensers
or slender coil connections unnecessary, and consequently the
lubricators have been much simplified, with a correspondingly
greater adaptability for locomotive purposes. '

The Wakefield Patent Double Sight-feed Locomotive Lubri-
cator, with Auxiliary Feed (Fig. 221), is a very popular type and
is used extensively.

The manner in which oil may be displaced by the gravitation
of water has been described already, and the same principle is
applied to ** sight-feed * lubricators ; the necessary steam is
taken from the combination stand or some such fitting to obtain
the mearest possible approach to the absolute pressure in the
hoiler.  The steam enters the lubricator by the connection (i,
and is controlled by the valve A, which also regulates the flow of
the oil as it passes to the outlet pipe H, and thence through the
oil pipes leading to the steamchests. The steam inlet tube «
terminates in the lower part of the oil vessel J, so that the oil is
forced upward by the condensation, and through a delivery tube e,
which stands vertical with its open end inside the upper portion
of the vessel J. This delivery tube, which is connected to the
passage leading into the nipple in the bottom of the * sight-feed
glass D, stands full of oil when the lubricator is working, ready
to be delivered at any desired rate as regulated by the small wheel
valve K, which controls the oil passage e leading to the nipple.
The water in the sight glass, subjected to pressure at both the
inlet and delivery side, is practically in equilibrium, so that the
oil when discharged from the nipple rises by its levity through
the water past the valve M to the pipes H leading to the parts
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to be lubricated. A small automatic check valve M is fitted into
the passage leading from the sight glass to the outlet H, so that
when the equilibrium is disturbed by the bursting or breaking
of a glass the valve is held tight on its seat by the pressure behind,
thus protecting the driver and fireman from scalding by preventing
the escape of steam. When a break occurs the valve I must be
closed, and the auxiliary feed valve N, which is closed when the
lubricator is working normally, should be put into operation by
opening it the same proportion of turn that obtained with the
valve E. By-pass passages controlled by the valve N lead from
the upper portion of the oil vessel to the outlet H, so that when
opened the auxiliary valve continues to feed the oil as before
until the broken glass has been replaced. Normal working is
resumed by elosing N and opening the valve 1.

The method of filling and starting is practically the same
in all types of ** sight-feed ™ lubricators.  With all valves closed,
remove the plug B and fill the vessel full. It is good practice to
fit a small gauze strainer or sieve into the mouth of the vessel,
so that it will retain any grit or foreign substance in the oil,
which would tend to choke up the passage in the lubrieator.
After replacing the plug, release the valve A slowly from its seat,
to allow condensation gradually to fill the * sight-feed ™ glass.
When the glass is filled with water regulate the oil supply with
the valve K ; six drops per min. are usually ample for ordinary
conditions. The starting of the lubricator should not be performed
hurriedly, as the oil is liable to become agitated and mix to a
certain extent with the water, thus obscuring the sight glasses
before steady working has begun. To refill the vessel, close the
valves A and E, loosen drain cock F to draw off the water, and
remove plug for filling as before. The seat of the drain cock should
be maintained in good order, so that sufficient pressure can be
applied with the hand for closing the drain and preventing any
drip. The remarks previously applied to a lubricator drain cock
are equally applicable here. As the oil is fed by the condensation
of the steam, care should be taken that the oil vessel is not emptied
entirely before refilling, or the lubricator may get too hot for
condensation to take place efficiently, and it would have to be
cooled before displacement could begin.  On the other hand,
in frosty weather the water should be drained from the oil vessel
and the drain cock left open before putting the engine away, to
guard against the liability of bursting the oil vessel by the freezing
of the water.

Fig. 222 shows sectional views of a more modern type of
lubricator, of the hydrostatic principle previously deseribed.
This lubricator, which is manufactured by C. C. Wakefield & Co.
Litd., is compact and well designed, and over the ordinary model
has several advantages such as bull-eye glasses D, which with
ordinary everyday use are unbreakable and, therefore, protect
the driver from the danger of burst glasses which is present with
lubricators fitted with tubular sight-feed glasses. These bull-eye
glasses are about 1§ in. thick, and so designed that the greater the
pressure on the glass, the tighter the joint. Blow-through plugs K
are provided for the cleaning of the sight-feed glasses D ; steam is
allowed to flow down the sight-feed chambers to the atmosphere.
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The luoricator is fitted also with a main oil shut-off valve I,
which is used for shutting off or starting the feeds without inter-
fering with the set regulation of the individual feeds. This
valve is very useful when standing in a station or siding, as it
is necessary only to give the valve hand wheel half a turn, to
shut off (umplvtvl_\' or immediately to start the feeds. A filling
plug B and patent oil-expansion valve C are fitted, as it is necessary
to provide means of exit for the oil, should it become heated
to such a degree that the expansion becomes too great for the
oil reservoir, which is liable to erack unless such provision is
made,  The steam jets L, which meet the oil at the outlets .
and carry it forward, through the steamchest connections, to
the points of application, are arranged above the oil reservoir A,
which has the effect of keeping the oil reservoir A cool, and so
prevents accidental burns to the enginemen. The condensing
chamber P is fitted above the oil reservoir A, and is made in the
one casting so that the usual condensing coil is not u-t[uiu-:l

A steamchest and eylinder connection (Fig. 223) is fitted as
near to the part to be lubricated as possible. It is fitted with
a choke, the objeet of which is to enable the lubricator to work
against a constant boiler pressure in the feed pipes, and also to
ensure that the oil is delivered to the steamchest or eylinder in
an emulsified state.

The lubrication of locomotives using superheated steam is o
most important matter, and the Wakefield mechanical lubricators
(Figs. 214 and 215) have been designed specially to meet the
severe conditions as to steam pressures, temperatures, tractive
effort, and speed which obtain in modern locomotive practice.

Fig. 224 shows sectional views of the same firm'’s improved
modern type of lubricator, operating on the hydrostatic dis-
placement prineiple. This is known as the Eurcka Type “ 157
locomotive lubricator, designed for the specific purpose of casy
manipulation of the controls. To this end the main oil shut-off
valve and main steam valve are coupled together by an arm
fitted with a suitable operating handle, thus providing simul-
taneous action in starting and shutting off of the lubricator.
The operating lever has three positions, fe.. (1) steam and oil
“off,” (2) steam only *‘ on,” and (3) steam and oil * on.”  This
lubricator thus provides quick manipulation of the controls, an
advantage which will be appreciated greatly by enginemen.

A lubricator of the single acting type iz shown in Fig. 225,
This lubricator is used extensively for axlebox lubrieation and,
in conjunction with the anti-carboniser (Fig. 226), for valve and
eylinder lubrication.

A reciprocating motion is given to the pump plunger by
the eccentric shaft L rotating in its bearings. When the pump
plunger D and sleeve valve 15 are at the outer end of the stroke,
oil flows into the pump barrel €' through the ports F.  As soon as
the ports F are covered by the plunger and sleeve valve on the
return stroke, the oil in the pump barrel is forced away under
pressure to the outlets K. If the oil-regulating plug G is screwed
right down, the pumps are working at their full capacity. One
full turn outwards of the oil-regulating plug G decreases by one-
fifth the amount of oil pumped.
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With regard to the quantity of oil required, it may be mentioned
that different parts require different amounts of lubricant. The
rubbing surfaces of the engine eylinders, for example, will be about
four times the area of the rubbing surface on the slide valves, and
the piston rods and tail rods again will have correspondingly
smaller frictional contact. So that the oil may be supplied in
suitable quantities the regulating plugs G are provided. These
plugs should be adjusted to give the required amount as, for
instance, 1} drops of oil to the engine pistons to 1 drop for the
slide valves and } drop to the tail rods, and so on. This method
of regulation ensures the economical use of the lubricant.

The anti-carboniser (Fig. 226) is fitted in the pipe line as near
as possible to the steamechest and eylinder oil inlet.

Oil from the mechanical lubricator enters the anti-carboniser
at A and is forced past the ball check valves B and through the
passage C, when it comes in contact with the steam jet.

Steam enters the anti-carboniser at D and branches along
the passage K, which communicates with each of the outlets F,

////d \ TO STEAM CHEST & CYLINDER ‘/// %
e

;/7/—/4 b

OIL DELIVERY FROM LUBRICATOR

¥
e
"

N

Fig. 223.—SreaMeHEST AND CYLINDER CONNECTION.

A check ball valve is provided at G, which prevents the oil and
steam from traversing in a reverse direction.

It will be seen that the point of contact of the oil and steam
is in the small space or eavity H. The oil and steam together
then pass through the baffle J and so to the outlet F. '

The objeet of the baffle is more thoroughly to mix the oil and
steam, which, of course, would not mix so well were they merely
to pass out through a plain hole.

An oil test plug is fitted in the position shown, to enable the
engineman to test the flow of oil in the pipes.

A combined check and test valve, as shown in Fig. 227, is
usually fitted when the lubricator is used for bearing lubrication.,

An ingeniously designed lubricator, known as the Wakefield
patent fountain type locomotive axlebox lubricator (Fig. 228),
provides a method of lubricating locomotive axleboxes which is
simple, safe, and efficient. Tt is mounted in the cab, under the
driver’s direct control, and is operated by one movement of a
lever which opens or shuts all feeds simultancously. The easy
manipulation of this lever encourages the driver to shut off the
lubricator when running into and standing at stations, which
ensures oil economy. When the lubricator is shut off, a small
quantity of oil accumulates in an auxiliary chamber, where it
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remains ready to flow quickly down to the journals immediately
the operating lever is moved into the * on ™ position.

The lubricator is designed to maintain a constant oil level in
the pipe line, assuring a regular rate of feed. The oil feed is
controlled by wire feed needles.

The Silvertown Mechanical Lubricator illustrated in Figs.
229 and 230 is fitted with double-acting continuous delivery pumps
so that oil is delivered at an equal rate on both the up and down
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Fia. 225, —WAKEFIELD MECHANICATL LUBRICATOR
(SiNGLE-ACTING PATTERN).

strokes.  The drive is through ratchet-gear mechanism which,
although robust in construction and certain in action, is capable
of very fine adjustment. The ratchet wheel A is provided with
120 teeth with which engage six driving pawls. These are of
two lengths which differ by half the pitch of the teeth but, by
an ingenious uneven spacing of the pins on which the pawls
work, it is equivalent to having six different lengths of pawl
differing in length by one-sixth of the pitch of the teeth. Six
retaining pawls, acting on the same principle, prevent any return
motion of the wheel. Thus it will be seen that the drive will
operate with an angular movement of the clutechbox as small as
half a degree.  The design by this means secures an infinitely
fine variation in the feed of the lubricator yet retains the simplicity
and reliability of the ordinary ratchet and pawl.
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The double-acting pumps comprise a plunger E of two
diameters ; the large end fits the pump eylinder, and the top
end passes through a sleeve F, seated loosely in the gland nut G,
against which it is held by a leather washer.  This arrangement
affords absolute tightness combined with flexibility.

STEAM FROM BOILER
TO ANTI-CARBONISER

OIL AND STEAM © OIL SUPPLY
TO VALVES AND FROM
CYLINDERS LUBRICATOR

Fra. 226.—AxTi-CarBoNiSER (WAKEFIELD PATTERN).

A, oil inlet from lubricator;
I3, 0il delivery to valves and
cylinders ; O, oil test plug;
1, oil release hole: E, non-
return valve (mushroom
type); F, non-return valve
(hall type).

Fra. 227.—CompiNnep Coeck axp Test VALVE FoR
WAKEFIELD MECHANICAL LUBRIOATORS.

One suction and two delivery ball valves are used, and so
arranged that on the up stroke the oil above the enlarged portion
of the plunger is delivered past the valve H. On the return
stroke the charge passes valve J, half of it following the descending
plunger and the remainder being delivered past the valve H,
thus maintaining a constant flow of lubricant through the outlet.
The driving frame K operating the pumps is reciprocated by
eccentries on shaft L.
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A cylindrical strainer M enclosing the suction valve is fitted A typical driving arrangement is shown in Fig. 231, It is
to each pump, in addition to the main strainer N. A warming so arranged that the drive is constant for all positions of the
pipe O for use in cold weather and a drain plug P are provided reversing gear.  Motion is derived from the die block of the
in the bottom of the main ecasing. The handle Q allows the expansion link in the Walschaerts valve gear, the mechanism
pump to be operated by hand for initial charging of the pipes. consisting of a small crank attached to the die with suitable rods

In view of the small quantity of oil delivered by the pumps and linkage, by means of which the lever attached to the shaft
it will be realised that it is important to ensure that the oil pipes of the lubricator is actuated. The feed of the lubricator can be
leading from the lubricator to the point of delivery do not drain regulated as required by increasing or decreasing the angular

themselves empty while the engine is standing; otherwise oil
will not reach the point of delivery until the engine has run

sufticiently far for the pump to fill the oil pipe. This can be INSTRUCTIONS FOR OPERATING THE LUBRICATOR
provided for by fitting a spring-loaded back-pressure valve as
close as possible to the point of delivery. To Fiu—Set handle ' in * off ™ position. Remove filling plug B and

fill reservoir with clean oil.  Replace filling plug B, making sure that it is
serewed down and airtight.

¥ ""g’ Ebf‘:,: 2?3 To oreraTe—Examine needles.J to see that they are elean, and that no

5 2 SBS S foreign matter is accumulated around or in the nipples V. Then replace
g < 8 8 WS needles J and move handle P to *on ™ position. ) -

e =z 2= 4 g’-—e Eog’ SPECIAL NO'I’E.-'—Hnndlv !" has two positions, *“on ™ and ** off. L 1 does
g :.:% g2 8 E not regulate the oil feed.  Feed regulation is obtained by varying the size
3 P o3 ge =l of needle J. No o1 MusT BE POURED 18NTo ciamMBER F. Lid of chamber F

g A 8 ! @t E is for inspection purposes onl!_\:'. . -

2 8 o 2598 Move handle P into ** off ™ position when running into terminal stations,
zx g% égg—é 2 or during any lengthy stoppage. Do not move handle P into the *“on "
52 =] ol P position until the steam regulator is again opened. The small quantity of
b 5.8 ECEm- oil accumulating in each chamber G from feed chamber F flows quickly

" £%8 EET -8 down the oil pipes to the journals immediately the lubricator is set to work

" uE  SpEEE again.  When shunting, operate lubricator at intervals sufficient to maintain
N zE TTESE an oil film on the journals.
g e 'E:‘/ i Should an axlebox heat, remove needle JJ of the axlebox feed concerned
-E—3 R 2 E g to increase t(-m|mn‘\rlly the oil delivery until conditions improve, then
3 a~— o833™ replace needle J or fit a smaller size needle.
5 g =88 . To peTECT STOPPAGE IN PIPE LINE.—Should oil flood sight glass, it
" ES5 = -::3: w indicates that the feed pipe is choked between the lubrieator and the air
25 k= f §—5 inlet in the pipe line. If oil appears at the air inlet in the pipe line it denotes
=g PO T | an obstruction in the pipe between the air inlet and axlebox.  Air inlets
== _‘é—_%.';:’ CE should be examined periodically and kept free from dirt.
|_ = L ;;’-‘_ = How rr runerions.—When handle P is set in the “on ™ position, oil
- =224 from the reservoir A passes through main shut-off valve € and along
ey Hog™ = ] passage D into feed chamber I, where it rises to a level just above top of
g e : outlet passage D and is fed through the nozzle L in drops regulated by the
= "_E N5 needle J fitted in the nipple V. As soon as the oil level in chamber F drops
Btg o= & below top of passage D, air enters the reservoir A through the air tube T,
(mr— - =] destroys the partial vacuum, permits the oil to flow through until it again
ZETES . rises to a level above the top of passage D, and cuts off the air. This eyele
Eg :—"_E ":E'_E‘, of operations is repeated the whole time the handle P is in the “on ™
o ce—= 2 F pogition.
28 E:g e E When handle I is in the ** off 7 position the main shut-off valve C and
OF = 2E shut-off valves K are closed, and oil in the chamber F continues to feed to
s g—=a each anxiliary chamber G until the oil level in chamber F falls to the level
= :u"-;é: | . of the top of the nipple V. . o A
5E ol Ty _ Immediately handle I is set in the * on " position the oil accumulated
{.-’ig: L8 in each :-Immhf-r G quickly flows clnwn_ih(-. pipes to the jo'urnnls, while the
o g;,; % HwE cyele of operations between the reservoir A and chamber F has allowed the
Zx = 2 E— 2 level in chamber F to rise and feed oil past the needle JJ. m
g8 g .- § - I :Fll‘l' air tube T rcgll!uws tlw_vxpnnuinn or contraction arising from
g ‘;‘E‘E =2 2 variation of temperature in reservoir A.
f,’g_ ‘3 g ci“: - By strictly observing the above instructions an appreciable economy in
B G- oil consumption will be effected.
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movement of the clutchbox for each revolution. During the
period of breaking in, after an engine has first been put to work,
the oil delivery can be increased temporarily by placing the
pin in the alternative holes provided in the lever on the cluteh
hox or in the lever of the intermediate rocking shaft. Where it
is desired to vary the quantity of oil supplied by different pumps
the drive should be arranged so that a full stroke of the pump
delivers the maximum quantity required. Pumps which are
required to give less than the maximum quantity can have their
delivery reduced by increasing the distance between the flanges
on the driving thimbles R (Figs. 229 and 230) =0 as to reduce the
effective stroke of the pump.

At full stroke each pump delivers -0276 cub. in. of oil per
revolution of the lubricator shaft.

P M

T 229 —SmverTrowNy MECHANICAL LuBricaTor
IN SECTIONAL ELEVATION,

Fig. 232 shows the footplate fittings used on G.W.R.
locomotives. .

It will be seen from the drawing of the backplate in the
Appendix that the driver has the regulator and reversing handles,
brake, ejector, and lubricator cocks all elose together on his side
of the footplate. '

The fittings are simple but strong, and all have been designed
especially for working pressures up to 250 Ib. per sq. in.; they
are made in the company’s works at Swindon, '

It will be noticed that all the steam supplies are taken from
one fountain, which is fixed on the top of the firebox. TFigs.
232 and 233 are detail drawings of the regulator handle, stuffing-
box and rod. The regulator handle, because of the height of the
firebox, points downwards, and is provided with a tail-piece or
indicator which works over the usual quadrant-face with * open ™
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and ** shut  stops. The indicator A is prolonged upwards and
fitted with a pin which works in a curved slotted link pivoted
at one end and connected at the other to the lubricator con-
trolling valve W. This valve is fixed (Fig. 232) immediately
below the regulator shaft centre by a light bracket on to the
flange of the stuffing-box.

By this means the supply of oil to the eylinders is controlled
by the movements of the regulator handle, and the first steam to
reach the eylinders on starting the engine comes through the
auxiliary steam pipe and brings with it a supply of oil.  The
shape of the slot in the link is such that the lubricator controlling
valve W is not opened until the indicator has moved away § in.
from the * shut ™ stop, and this position is marked by a groove
in the guide, into which fits a spring button fitted on the indicator
(see Fig. 232).

Fic, 230.—SILVERTOWN MECHANIOAL LUBRICATOR
IN CROSS-SECTION.

The regulator jockey does not admit steam to the eylinders
until the pointer on the regulator handle has been moved about
# in. from its stop, but the valve W is arranged to open just before
this occurs.

Fig. 234 gives details of the five sight-feed lubricator, which
is of large size (10 pints eapacity). It is strengthened with two
ribs, which also act as radiators from the steam passage through
the centre of which the warming steam passes. The lubricator
pipe connections are shown on Fig. 235.

The lubricator works by simple displacement. The steam
for this is taken from a small tee-cock T on the * fountain,”
from which two #-in. pipes C (both seen in Fig. 232) are made
into a spiral coil which acts as a condenser on the inside of the
eab roof ; the pipes then lead to a two-way cock on the top of
the lubricator. The oil rises and flows to the sight-feed control
valves, through the aperture from the top of the inside of the

I2A
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lubricator ; the oil to the regulator then flows through a small
pipe 8 to the connection for the valve in the smokebox.

The oil supply for the eylinders flows through small pipes D
(Fig. 232) to the lubricator controlling valve W, and is picked up
by the steam coming from the eock J on the ** fountain ** through
the }-in. auxiliary steam pipes E to the controlling valve W,
and thence by two pipes F, one on each side of the boiler, to the
oil distributor nipples in the main steam pipes on the eylinder
side of the superheater.

When coasting or drifting, a little steam and oil must be fed
to the eylinders without moving the regulator handle far enough
to open the ** jockey " or regulator. When the regulator handle
is fully elosed on its stop the lubricator will feed a few drops and
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Fie. 231.—Mernop or OreramiNGg Mecnasioan Lusricator rrom Dig
Brock or Warscuaerrs VarLve Gear.  (See also Figs. 216 and 217.)

then stop altogether.  This small quantity of oil will remain in
the pipes ready to be distributed to the eylinders when the engine
is started again,

The steam supply for warming the oil, when necessary, is taken
from a fitting M on the backplate just above the lubricator, and
passes through it ; the condensation is led to the waste pipe Q
below.

It will be seen from the foregoing descriptions and drawings
that force feed methods of lubrication for locomotives have
reached a highly efficient stage, and that the apparatus used,
although differing in form, aims in all cases at ensuring adequate
lubrication of the parts concerned. Other aspects of the same
subject may now be referred to.

The thick oil which is used for cylinder lubrication is apt to
cling to the passages or pipes contained in a lubricator, thereby
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impeding the free movement of the oil, and causing the lubricator
to show signs of sluggishness, when cleaning out becomes necessary.
This can be done by passing petroleum through the various
passages and afterwards blowing steam through, to remove the
dirty substances which have been loosened by the petroleum.
Little more need be said about lubrication, providing the driver
adapts himself to the various conditions and circumstances
affecting the efficiency of his methods.

The earbonising of the lubricating oil by high-temperature
superheated steam interferes with the proper working of piston

REGULATOR HANDLE

SIGHT FEED &

LUBRICATOR

Fie. 232.—Lusricatine Frrrines 1n Cas, G.W.R.

rings, piston valves, and so on, causing hardened deposits to
adhere to these parts as in a motor-car engine, this action taking
place mostly while the engine is drifting. To overcome this
carbonisation, what are termed * atomisers " are employed, the
action of which causes a jet of steam to be impinged on the pistons
and valve when the main regulator is closed.

It is with the object of combining the best points of the two
methods of lubrication—the mechanical and the displacement
lubricators—that the atomiser valve, as illustrated in Figs. 236
and 237, has been developed for use in connection with the
mechanical lubricator on locomotives of the L.M.S.R. These two
drawings, if studied in conjunction with each other, clearly show
the method of operation. Briefly, the atomiser valve C is intro-
duced in the pipe line between the mechanical lubricator and the
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steamchest oil inlets. In this valve the oil meets steam coming
from a boiler stop-valve A, through the control cock B. Here
the oil is broken up into extremely small globules in the manner
described below, and then is earried forward by the steam as
a kind of spray or oil mist, and delivered in this form through
small holes in the periphery of the steamchest liner, so disposed

that the incoming steam blows it on to the working surfaces of
the valve and piston.

Fra. 233.—DgraiLs or SturrFiNg-Box AND
oruer Frrrives, G.W.R.

Fig. 237 is a detailed drawing of each of the parts used. The
boiler stop valve A is placed usually on the side of the smokebox,
and represents the master valve controlling the inlet of steam
into the system. Its normal position is fully open while the
engine is under steam, and a tell-tale hole is incorporated in the
valve, so that if the latter inadvertently has been left closed,
the driver has immediate evidence of the fact and there is, there-
fore, no possibility of the engine running for any length of time
without the necessary steam supply to the atomiser. The steam,
on its way to the atomiser, passes through the control valve B,
which is coupled up to the cylinder drain cock gear in such a
way that it is in a closed position when the cylinder drain cocks
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are open. A notice exhibited in the cab of the locomotive instructs
the driver that these cocks must be open every time the engine
is brought to a stand, but if for some reason this notice shou!d
be ignored, it is possible still to prevent pressure building up in
the steamchest by fitting a small ball-type pressure release valve

) Qg
sl == 3
i —om o S
Ll o ———— Y S 3
HKRs ST 0N\ 83

e Y
PRI N'

.S Y
N N

S
\g\'\l.\\\\\\\\\\\\\ l%

S

ST ==

- )”j\}_\_\\\\\\\“m\\\\\\\\-«a\\\\\\\\\\\\\\'&\i\\\’)_ﬂ? b
—

""“’fl“' & wef\ﬁe\m\\\a\\\\\\\\\\\\\\\“\\\\\“\Wﬂ}"- z
; &
~]
14 E q
~
%ﬁgm\m%m\%m&\g&n&\gb

=0 | =
= .
-
S P =
z
i o
o =2
— _— T > d =
= - o
i
N g
k)

Fic. 234.—Dgrars of SicHT-FEED LuBricATOR FOR REGULATOR AND CYLINDERS, G

on to the eylinder air valves, which are conncctec! directly to the
steamchest. These release valves open automatically when the
engine regulator is closed. ' -

1t will be seen from the (lrawuglg that the control valve is of
very simple and sturdy construction ; a small mushroom valve
is lifted from its seat by a rocking cam f'ormwl on the spm('llu of
the valve. A short lever on the spindle end is coupled by suitable
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rodding to the eylinder cock gear, and a return spring bears on
the top of the steam valve to ensure that it will remain firmly
seated even in the absence of any steam pressure upon its upper
face. Consequently, it must bear always upon the face of the cam.

i The atomiser C itself takes the form of a casting which may
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§§ embody four or more individual atomiser valves, according to
== the number of eylinders on the engine. This valve usually is
IE': bolted to a suitable bracket on the footplate, so placed as to keep
‘ the respective pipe lines as short as possible.  Oil is delivered

| into the top union of any one of the valves, from the mechanical
lubricator, and this inlet normally is closed by a ball foreed
upwards on to its seating by a spring. Pressure generated by
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towards the piston-valve heads, and down into the steam ports

into the eylinder, when these are opened by the movement of

the piston valve.

The arrangement described ensures that a consistent volume
of oil is deposited on the working surfaces of the valves and
pistons, so that the wear of these important details is reduced to
a minimum. It is found at the same time that less carbonisation
is formed on the valves and pistons than with mechanical
lubrication working without atomisers. It will be noted from
the general-arrangement drawing that only the oil delivered to
the steamchest is subjected to atomising. Experience has shown
that no advantage is derived from dealing in this way with the
oil delivered to the stuffing-boxes and to the eylinder barrels,
and consequently these parts are fed directly from a mechanical
lubricator through a normal type of back-pressure valve marked
D, and shown in section in Fig. 237.

Referring again to the subject of lubrication generally, it
may be said that attention to detail and system is absolutely
necessary. A bearing or journal, for instance, maintained in
good order will give little trouble under ordinary conditions,
but if subjected to the slightest negleet is apt to get out of hand.
Having onece become heated, the rubbing surfaces may be
damaged by the seizing or scoring that may take place, and
sufficient, heat also may be generated seriously to damage the
parts affected by the expansion of the metals, so that considerable
time, trouble, and patience will have to be sacrificed before the
refractory bearing assumes its normal working condition.

Dust or grit picked up whilst running often may damage so
seriously the surface of a bearing or journal that considerable
attention is absolutely essential to prevent permanent abrasion
or scoring of the wearing surfaces. Under these circumstances
special methods of lubrication should be adopted, such as the
introduction of graphite or some such material, otherwise over-
heating or seizure is likely to oceur.

At the same time it should be pointed out that, however careful
a driver may be, if the various journals or bearings are not properly
fitted together in the shops no amount of lubrication will make
them run cool. If, therefore, any doubt exists as to the proper
adjustment of the different parts beeause of any particular bearing
persistently running warm, a driver should not hesitate to report
the matter.

Fig. 238 illustrates the oiling arrangement for driving and
trailing axleboxes on the LM.S.R. (Midland Section). This is
retained on a number of the older engines, although all the
modern types are equipped with mechanical lubricators.
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Fic, 239.—4-6-0 LocomoTive No. 800, Maeve, Coras ToMPATR EIREANN.

Mr. E. C. Bredin, Chief Mechanical Engineer (retired).

Boiler pressure,

Coupled wheelbase, 15 ft. 9 in,
Weight of engine in working order, 135 tons,

o Tt

Coupled wheels, 6 ft. 7 in. diameter.

3), 184 in. by 26 in.

225 lb. per sq. in

(:

Cylinders

D 8q

3

Grate area, 3

38 sq. ft.

Total heating surface, 2,3

Tractive effort (at 85 per cent. b.p.), 33,000 Ib,



Boiler pressure, 180 1b.
engine in working order, 57 tons

Tractive effort (at 85 per cent. h.p.),

ers, 20 in.
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CHAPTER 15
CLEARING HOUSE RULESN

Tue importance of a thorough knowledge of the rules cannot
be over-estimated, and the following extracts have been made
from the Clearing House rule book to form a ready means of
reference to all the more important rules covering the duties of
drivers and firemen. These are extremely comprehensive, and
are designed to cover as far as possible every difficulty that may
arise. For his own guidance and protection in cases of emergency,
as well as everyday working, the driver or fireman will recognise
that an intimate knowledge of the rules is essential.

Rule No.

PusLic sarery of first importance : . 2
MiscONDUCT PUNISHABLE . 4
REGULATIONS : notices and “m'l\mg t um--tuhlv
ete., to whom supplied 7
NoO PERSON TO RIDE ON ENGINE \uthnui s]nm ml
9

authority s 5 5 . ;
SERVANTS NOT TO EXPOSE THEMSELVES TO
DANGER . : 2 i ¢ 11, 126 (vii)
(BSERVANCE OF DISTANT SIGNALS i ‘ 36
HoME siGNALS . . . . 37
SieNaLs and verbal llhllll(l_lf)l!'-i = 5 . 37 (b), 38, and 39
DRIVERS TO UNDERSTAND COLEARLY VERBAL
INSTRUCTIONS Or communications . o 40, 41
CALLING-ON SIGNALS . . y 44
STARTING SIGNALS not to |:u- ]uhsml excepl . 44, 45, b5 (g),
and 197
TRAINS BROUGHT TO A STAND al starting or

advanced starting signals . 8 - v 39 (a), 39 (c),
and 41 (b)
SHUNTING SIGNALS s S 3 3 46 and 47
SIDING SIGNALS . o 48
TRAIN STANDING OR ON WRONG LINE, DRIVER
o WHISTLE and signalman to be reminded
by guard, shunter, or fireman of position of
train ; : . . : . - 5o
(AUARD, SHUNTER, OR FIREMAN TO GO TO
SIGNAL BOX . : 56 (a) and (f)
WHEN TWO TRAINS APPROACH A JUNCTION ut
the same time, reversing of signals . . 70
SIGNALS NOT IN USE . . . = 80
DEFECTIVE HOME, STARTING, ADVANCED-START-
ING, OR SIDING SIGNAL, and duties of hand
gignalman : . . - . 78, 81
82

SIGNALS IMPERFECTLY SHOWN .
373
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SUPPLY OF DETONATORS ; . .

HOW DRIVER TO ACT ON EXPLOSION OF DETONA-
Tor. Immediately reduce speed and bring
the train under such complete control as to
be able to stop at once if required .

FoG-s1GNALLING . s : . 5

FOG-SIGNALLING IN ABSENCE OF FOGMEN .

STATION YARD WORKING . : :

WHEN SECOND TRAIN IS FOLLOWING .

PASSENGER TRAIN NOT T0 sTOP where not tunml
except . : :

PASSENGER TRAIN BOOKED TO CALL un[v when
required to take up passengers. Station-
master or person in charge must exhibit a
red flag or red light from the platform .

ENGINES OF PRIVATE OWNERS . .

DousLE sHuNTING, loose shunting, pl'up]lm;_..
tow roping, and chaining . . . .

AT TERMINAL STATIONS red light to be placed

on buffer stops E ; :
AccIipENTS to be reported nmm-dm.tvlv X "
HAND steNaLs from gatekeepers . .
TAIL, SIDE, AND HEAD LIGHTS after Surl.al.t and

in foggy weather or falling snow z .
ENGINE TAIL-LAMPS . : . ; 5
SHUNTING ENGINES . : - . -
SPECIALS FOLLOWING . .
TIME OF ATTENDANCE, engine to be in pl‘()pl r

order : . .

ARTICLES TO BE TAl\hi\. \Inl» less than I2 de-
tonators and 2 red flags . . .

ENGINE NOT TO BE IN MOTION On running lulu
without driver and fireman on it 5 .

DRIVER AND FIREMAN NOT TO LEAVE ENGINE

NoTiceEs TO BE EXAMINED before commencing
duty . 2 ‘

('0AL, ETC., TO BE SAFELY PLACED on tumlvrﬁ

and bunkers . 2 : 5 5
WHEN ENGINE DRIVER IS NOT \CQUAIN"I‘I'.D WITH
LINE . . . . . . .

ENGINE DRIVER TO KEEP A GOOD LOOK OUT

Nor TO MOVE TRAIN towards smrling signal
until lowered . 4 4

IINGINE NOT TO FOUL RUNNING LINE without
permission and proper signals .

IENGINE DESTINATION BOARDS, dises, and Illllli)h
to be in good order . . .

IN rocGy WEATHER or during febllm;: SNnow
speed to be reduced if fixed signals are not
visible . q . g . v :

Rule No.

iyl

59, 60

91 (b) to (f)
and 92

94

68 (ii) and 96
97

31

110 (a), (b), and
(c)
32
117, 219
104
119, 120 (a)
122
123
124
126 (i)

127 (i)

132
126 (iv)

126 (ii)
126 (iii)

127 (iii)
127 (v), 128

127 (ix)
127 (xi)
127 (ii)

127 (iv)

CLEARING HOUSE RULES

DRIVER TO TRAVEL CAUTIOUSLY and to stop if

fixed or hand signals cannot be seen . .
To REGULATE SPEED . s s : s
ToO OBSERVE AND OBEY SIGNALS . . .
JunerioNn WHISTLES, fireman to look out s
SPEED 0¥ TRAINS when passing through junction

points and erossings A . :

ASSISTANT ENGINE NOT TO LEAVE TRAIN l'x('l'pl
at signal box. Goods train assisted by
engine in rear.  Starting of trains with one
engine in front and one in rear of train, ete.

TRAIN DRAWN BY TWO ENGINES. Leading driver
responsible  for  observation  of  signals.
Driver of second engine not relieved of

responsibility . : 5 v . .
To sTART AND 8TOP WITH CARE. Run on proper
line.  Stopping of train . : s i
WHEN A PASSENGER TRAIN OVER-RUNS or stops
short of platform . : B . .

SOUND WHISTLE TO WARN MEN ON LINE and
in tunnels. Not to throw out hot water or

cinders in tunnels g P " :
TRAIN OR ENGINE OBSCURED BY STEAM OR
SMOKE to be approached eautiously . .
PLATELAYERS® SIGNALS, to reduce speed ;
|':N(:INFE NOT TO STAND FOUL OF POINTS oOr
crossings : 2 5 : . "
CATCH POINTS . 0 . . . :
HoSE OF WATER TANKS AND COLUMNS to be
properly secured . . . . .
SMOKE FROM ENGINES . : 5 s .

ENGINE DRIVER TO AssIsST in forming train .
HAND siaNaLs for starting passenger or goods
trains . . . . . . .
DRIVER TO SATISFY HIMSELF THAT PROPER
SIGNALS ARE LOWERED, engine driver and
fireman must look back to see that the whole
of the train is following in proper manner .
(GOODS TRAINS TIMED TO sTOP when required
MEANS ADOPTED BY DRIVER TO ATTRACT
GUARD'S ATTENTION where continuous brakes
are not in use. When driver requires assis-
tance of guard’s brake, he must give three
or more sharp whistles . : : “
GUARDS TO APPLY HAND BRAKE when necessary

Cases AUTHORISED in which an engine may
push its train upon a running line . .
RED HEADLIGHT TO BE sSHOWN when crossed to
running line and tail light removed . .

375
Rule No.
127 (xxii)
127 (xiii)
127 (iv), (xvii)
127 (viii)

127 (xiv)

133 (a) to (d)

127 (xviii), (xix)

136

126 (vi), 127 (vii)

127 (vi)
127 (xxi)

127 (xii)
137 (a), (b)
127 (x)
126 (v)
138

141, 142 (d)

126 (viii), 143
144

148 (¢)
129 (vii), 131 (ii),
and 148 (e), (d)

149

152 (b)
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DETACHING ENGINE from train standing on
wrong line. Driver responsible for seeing
that guard places red light on front vehicle
before moving his engine . L i .

SHUNTING OPERATIONS. Driver not to move
his engine during shunting until he has
received hand signal from person in charge,
although the fixed signal may be lowered .

IN CASE OF A LIGHT ENGINE unaccompanied by
guard or shunter, driver to satisfy himself

that points are in proper position . 5
IRREGULARITY IN WORKING OF SIGNALS. Cattle
on line, ete. . . . . . .

IENGINE RUNNING ROUND A GOODS TRAIN, fc
remove it from running line . : .
Prorection oF TrAIN. Place one detonator
at } mile, one at § mile, and three 10 yd.
apart § mile from obstruction and exhibit
the hand danger signals while going along .
PLACE THREE DETONATORS opposite signal box,
explain  circumstances to  signalman, and
return to train unless necessary to take an

assisting engine . - . " .
WHEN BOTH LINES ARE OBSTRUCTED . «
IINGINE DISABLED g - . ’ .
Bore LiNgs oBsTRUCTED and driver not aware

of accident . 5 . . 2 5
TRAIN DIVIDED . & . v : .
TRAIN OR PORTION OF TRAIN left on running

line from accident or failure of engine :
DIVIDING GOODS TRAIN . ] . .
TAIL LAMPS . . . . « .
TWO GUARDS WITH TRAIN . : . s
ONE GUARD WITH TRAIN . . X .
ENGINE RETURNING ON WRONG LINE to rear

portion . A . ¢ ¢ . .
TRAIN STANDING ON RUNNING LINE because of

failure of engine or other causes . :
FIREMAN GOING FOR ASSISTANCE . . .
DRIVER NOT TO PASS SIGNAL BOX without per-

mission . . . . . . o d

TRAIN OR PORTION OF TRAIN PASSING ON
wRrONG LINE for a short distance in case

of accidents . 4 . -’ - A
WHEN MOVING IN WRONG DIRECTION . 5
CATCH POINTS . . . . - .
FAILURE OF, OR ACCIDENT TO some part of a

train . . . : . . .
I¥ ENGINE DEFECTIVE . . . .
IF¥ REAR GUARD DOES NOT APPLY BRAKES

PROMPTLY . . ; . - .
IF CONTINUOUS BRAKE NOT IN OPERATION
VEHICLE ON FIRE . . 3 s N

Rule No.

152 (b)

108, 109

111 (e)
155 (a), (b)

154

179 (a)

181 (a)
179, 180
180 (a)

180 (d)
182

183 (a) to (k)

184
185
186, 195, 196

187
187 (b)

187 (c)
L87 (d), (¢)

188

CLEARING HOUSE RULES

SINGLE-LINE WORKING BY PILOTMAN. The sig-
nalman at each end of the single line must
advise the signalman at the box in the rear,
and the latter must stop each train proceed-
ing in that direction and inform the driver
of the circumstances. When worked as
single line a hand lamp should be placed
outside the distance signal applicable to
that line and three detonators placed on the
rail for each approaching train. The pilot-
man, wearing a distinetive badge or red
flag tied round his left arm, must be present
and ride upon the engine unless two or more
traing are going in the same direction, when
he must order the trains to proceed and ride
on the last engine going in that dircetion .

LIMIT OF SINGLE-LINE WORKING . : .

NO TRAIN MUST BE ALLOWED TO ENTER On
the gingle line unless the engine driver and
guard have been first informed by the pilot-
man that the single line is being worked and
the points between which it is in operation .

Two OR MORE TRAINS FOLLOWING. Driver of
each train following must be told by the
pilotman how long the preceding train has

heen gone s : : A 5 .
DRIVERS MAY PASS SIGNALS ON SINGLE LINE
when so instructed by the pilotman . %

WHEN BLOCK WORKING IS MAINTAINED the
fixed signals at intermediate boxes must be
worked for trains passing over the single
line in both directions. When block working
is suspended the fixed signals must be kept
at danger and the signalman must hand-
signal the driver past the signals when the
line is clear for the train to proceed . "

TRANSFER OF PASSENGERS when hoth lines are
blocked, ete. . . 5 v 3 %

SPEED OF TRAIN ON SINGLE-LINE WORKING.
Traing must be run cautiously and at re-
duced speed. Drivers must use the engine
whistle frequently when passing through
tunnels, or after sunset, in foggy weather,
or during falling snow ; a red headlight
must be carried also i A - .

Carcr points. When a train is approaching
eateh points in the facing direction, the man
at the points, when they are right for the
train to pass over them, must give the
driver a green all-right signal held steadily
in the hand ; the pilotman also must satisfy
himself that the driver is aware of the
position of the cateh points - ‘ .
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Rule No.

189, 193
190, 191, 192

202

202 (b)

197 (a), (i) to (iv)

197 (b)
207

204

195(a), (b), 196 (a)
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DrIvER TO saTisFY HIMSELF that the cateh
points are in proper position .
PROTECTION OF TROLLEY on running line

PROTECTION OF RUNNING LINE in case of

obstruction

SIGNALS DURING RELAYING, ETC. . . s
REDUCTION OF SPEED FOR PERMANENT-WAY
work. Warning board with green and
white light at night placed § mile from the
place to be protected for a long period.

Man with detonator out } mile, or farther if

rendered necessary by circumstances ; green
hand-signal for shorter periods.  Where
indicators are provided which are illum-
inated at night, the letter * € in black
on a white background denotes the com-
mencement. of the speed restriction.  The
letter ** T *" in white on a black background
denotes  the termination of the speed
restrietion 2 i A 5 :
WORKING OF BALLAST TRAINS. Entering and
running through tunnels : i
See special book for working single lines of
railway by electrie staff or staff and ticket.

Rule No.

196 (b)

215

194, 217
216 (a) to (d)

218

216, 235, 236

Some companies have speeial rules for tunnels, and so on,
which are not inserted in the foregoing, and the rule numbers

as quoted also may be varied.
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C'HAPTER 16

DUTIES OF THE DRIVER

Havine successfully passed through the cleaning and firing
stages of his eareer, the spare driver, by virtue of the time he has
spent upon the footplate, will have gained sufficient experience
to know that it is practically impossible to obtain or to give
information beforechand regarding every difficulty that may
present itself during his daily work. So much depends upon
outside circumstances, such as signals, amount of traffic on the
line, engine failures, ete., that his individuality and diseretion,
combined with the manner in which he attends to the various
details connected with his duties, will always have a direct
bearing on his suceess or failure as a driver. It is during the first
twelve or eighteen months that the young driver will have to
show that his promotion was merited, and a few slight mishaps
or casualties during that period may greatly retard his progress
and seriously impair his future prospects. His record will be
compared to some extent with that of others who have had
many more years of experience, and he may often find himself on
an engine not in the best of condition, or with a fireman for mate
who is sometimes new to his duties. The following is therefore
intended to emphasise the importance of a few of the various
details connected with daily work, and which, when properly
applied, go to make the successful driver by giving the necessary
confidence for the proper discharge of his duties, leaving absolutely
nothing to chance.

After having signed the appearance book, and obtained
the number of his engine from the sheet, the driver should see
what is entered for his engine in the report book. Any special
bills or road book that may be necessary should be signed for,
and the notice boards examined earefully for orders respecting
water, repairs to the line, alterations to signals, ete. To prevent
the occurrence of any mishap for which he would be held
responsible, the driver should write out on paper the stops and
running of his train. In this way any detail affecting the daily
work, whether in time book, rules, or special bills, will be com-

AR Rucey, L.N.E.R., mavLED BY “Bl" CL

301, Springbol.

Excixe No. 8

MARYLEBONE-MANCHESTER EXPRESS NE

E mitted to memory before the |)l'}_’illl.l.ill}_' of the journey.

; After the various notices and instructions have been noted,

:E he will go to his engine and first examine the gauge glasses to
ascertain the amount of water in the boiler. The water level

should be verified by blowing the gauges through. At the same
time, a glance at the pressure gauge will show whether steam is
generating in sufficient quantities, and the fire may be regulated
accordingly. A brief glance into the firebox will show the state
of the fire, and the condition of the tube ends, fusible plugs, and
brick arch should be noted. The tanks should next be inspeected
to make sure that there is sufficient water for the boiler, and the
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coal examined as to supply and mode of stacking. The injoctors
should be tested to see that both are in proper working order,
and the tools, lamps, fire-irons, detonators, ete., overhauled,
so that a complete set may be at hand. The engine, assuming
it to be *right hand,” ‘.., right-hand crank leading when
running in fore gear, should be placed on the pit with the
right-hand crank on the bottom centre, brake hard on, reversing
lever in mid-gear and eylinder drain-cocks open. The driver
should pass underneath with suitable spanners, testing all nuts
on glands and rod-ends, Make sure that they are securely
locked in position. Lock nuts, split pins, and all such devices
are specifically adopted as a safeguard for retaining the various
pieces of motion-work, ete., in proper position, and the loss of
the least of these may lead to dangerous consequences or serious
delay. A cursory or incomplete examination is therefore little
or no better than none. With the cranks as stated the whole of
the crank axle, big ends, motion-work, ete., may be examined
and oiled. At the same time the big ends may be tested for
adjustment and the wear taken up if necessary. This should be
done by degrees, so that the tendency to knoek may be prevented
by maintaining the brasses in proper contact with the journals
and thus reducing the risk of melting the anti-friction metal by
the journal heating-up, as would be likely to occur if neglected,
or the cotter driven home too tightly. The back and front
slide-bar bolts, eccentric sheaves, straps, rods, bearing-spring
connections, and the long reversing rod, ete.. should be examined
in a systematic manner. Look into the ashpan to see whether
ashes have been cleared properly, and note the condition of
firebars. Having been satisfied that there is a suitable supply of
sand, the driver should make sure that the sanding gear and
brake gear on engine and tender are in proper working order,
noting at the same time that the hose connections are intact and
in good condition. The plug on the vacuum reservoir should
also be removed ocecasionally for draining the accumulated water.

The drip wvalves and all brake connections having been
examined, the driver should then mount the footplate and pull
ejector handle in the * full on ™ position before opening the
small ejector steam valve, otherwise a certain amount of water
is invariably discharged from the ejector exhaust pipe in
sufficient quantities to dirty the smokebox and boiler.

With the ejector handle in ** full on ™ position, it will be
found that this water is mostly deposited in the smokebox and
not up the chimney, as when steam is first admitted with the
handle in * running ” position. Having returned his handle
to the latter position, the driver, by observing the pointer of the
vacuum gauge, can assure himself that the brake is in proper
working order. This is also particularly applicable after an engine
has been coupled to a passenger train, insomuch that the time
occupied in ereating the vacuum would denote whether the whole
or part of the train had been left uncoupled inadvertently.

The double-acting air-pump on  engines fitted with  the
Westinghouse brake should be examined and the plug in the
main reservoir, as well as the bottom cap of the drip cup, should
be unscrewed at least once a week, or more frequently in frosty
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weather.  The air eylinder of the pump should be lubricated
sparingly and the oil cup, provided on the top of the eylinder,
should therefore be filled not more than once a day with a
suitable lubricant ; tallow or vegetable oils are unsuitable for
this purpose.

The best mineral oil should be used for the steam eylinder,
and the pump should be started slowly to allow the condensation
to escape from the eylinder, thereby preventing the knocking
which is likely to occur when the air pressure in the main
reservoir is low. The gland packing on the piston rod should
be maintained in good condition to avoid the leakage of con-
densation down the rod and into the air eylinder. The driver's
brake valve should be tested in the different positions, and an
inspection made to see that the proper pressure is retained in the
main reservoir when the handle is placed in the * Position Whilst,
Running.”

The underside inspection being finished, the engine may
be moved so that both cranks are at the top, that is, equidistant
from the top centre, in which position, with the reversing lever
put in mid-gear, the remainder of the motion-work, little ends,
drag links, axleboxes, and side rods, ete., may be examined and
oiled. This position of the side rods is also suitable for the examina-
tion of the motion-work and big ends, ete., of an outside eylinder
engine.  After an engine has been standing for any length of
time, it is important that the driver or fireman should make
sure the eylinder drain cocks are open, to allow the eseape of any
water, due to condensation, that may be present in the cylinders
when the regulator is opened.

It is also good practice, after a wash-out, or when the engine
has become thoroughly cooled, to blow steam through the
eylinders, not only that they may be drained properly but also
to heat up the cylinder metal, thus reducing initial condensation
when the engine begins working.

The driver should see that the right lamps are exhibited
when he is leaving the shed, and should back up to his train
carcefully. He will also be expected to start away without jerking,
whether it be goods, mineral, or passenger train, carelessness in
this respect often resulting in broken drawbars, ete. The fireman
should be instructed how to work his fire to obtain the best
results, and should also be taught when and where to fire, so that
both he and the driver can be on the look out for signals at the
proper places.

The geography of the road should also be explained, and
the fireman shown how to prepare his fire when approaching a
rising gradient. Special attention should be paid to the regulation
of the boiler-feed supply, and the dangers of too much or too
little water in the boiler explained clearly to the fireman. The
locality of the junctions, erossings, and curves must be known
thoroughly so that the speed may be reduced to its proper limit
at the right time. This point should not require emphasising,
as the consequences of disobedience to the regulations are so
serious.

A driver will require to have been on the road some con-
siderable time and to have also been very observant before he
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can form anything like an accurate estimate of speed from
the swing of his engine, the velocity at which standing objeets
are passed, or the sound of the rails, ete. The instinet by which
speed is estimated is acquired only after years of experience,
and it is advisable to use some precise method to assist in acquiring
the necessary power of judgment. The telegraph poles alongside
the line, for instance, are usually placed from 60 to 70 yd. apart
where the road is straight, and thus form a ready means whereby
the distance travelled by the engine in a given time may be
determined. There are 1,760 yd. in a mile, and taking the distance
between the poles as 60 yd. there will be 29-33 poles fixed to
the mile, so that after allowing for slight curvatures or deviations
in the road 30 poles will be a fairly aceurate and very convenient
unit upon which the caleulations may be based. The speed of a
train is generally expressed in miles an hour, and it is therefore
obvious that if the train is travelling at the rate of 60 miles,
which equals one mile a minute, 30 poles must be passed in that
time. From this we obtain the general expression that double
the number of poles passed in a minute gives the speed in miles
an hour. Under certain conditions of weather and locality, the
poles will be invisible or otherwise not available, and some other
means of measuring the rate of speed will be necessary.

The number of rail lengths traversed in a given time provides
a ready basis of calculation. Rails 60 ft. (20 yd.) long are now the
standard practice on British railways, although the older 45-ft.
(15-yd.) rails are still to be found on many main lines, and
experimental lengths of 120-ft. (40-yd.) rails have been laid.
With 60-ft. rails, there are 88 rail lengths to the mile ; and with
45-ft. rails, 1173 rail lengths. Hence, with 60-ft. rails :

88 rail lengths per min.=60 m.p.h.
44 L] " " =30 "
22 . * » =15 .

If divided up with 88 rails and 60 sec. as constants, it will
be found that the number of rails passed over in 41 sec. is
approximately equal to the speed in miles an hour.

The relation between the number of rails and the number
of telegraph poles may be found by dividing the average distance
between the poles by the length of the rails. Thus, with poles
60 yd. apart, and 60-ft. (20-yd.) rails, there would be three rail
lengths between each pole ; and with 45-ft. (15-yd.) rails, four
rail lengths.

As the number of poles per mile, and the length of the rails,
vary in different localities, some general rule adaptable to all
circumstances will be appreciated. It will be noted that the
number of seconds bears a constant ratio to the number of poles
or length of rail ; hence, when travelling at 60 m.p.h., each pole,
when there are 30 to the mile, represents 2 sec. in time. From
this, it is evident that, whatever the spacing of the poles may be,
the number of poles passed in as many seconds as the poles are
yards apart (or the number of rails passed in as many seconds
as the rails are yards in length) multiplied by 2, will give the
speed at which the engine is travelling in miles per hour. Thus,
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by using the equal yards and seconds, any speed may be
caleulated approximately, such as :

Poles. Yd. apart. See. M.p.h. Poles.
30 at 60 passed in 60 = 60 or 30x2
30 ’ 65 = 65 = 60, 3J0x2
30 3 70 3 .70 60 ., 30x2

or

Rails. Yd. long. Sec. M.p.h. Rails.

5 at 20 passed in 20 = 30 or 15x2
10 37 20 . 20 — 20 ,, 10x2
5 ” 20 » 20 = 10 ,, b65x2

This formula may be used for 45-ft. rails, or other rail lengths,
which still survive on certain branch lines.  For example, with
45-ft. (15-yd.) rails, 20 rails at 15 yd. long passed in 15 sec.—
40 m.p.h. (or 20 x 2).

It should be emphasised that complete familiarity with the
spacing of the telegraph poles or the length of the rails is essential
before the estimation of speed by these methods is attempted.

SPEED INDICATORS

The continued growth of traflic and increase in the speed of
trains have called for the strictest adherence to the preseribed
running times, and a corresponding demand has arisen for a
relinble apparatus by means of which a check can be kept on the
locomotive's movements.

With a reliable speed indicator a driver is relieved from the
necessity of continually having to gauge his speed, and can
conecentrate on the look-out.  Moreover, the knowledge that
excessive speed at any point of the run will be automatically
recorded is a safeguard against the disregard of the regulations.

The Teloe specd indicator and recorder, manufactured by the
Hasler Telegraph Works (Fig. 242), together with the Tel RTS835
speed indicator and recorder, and a slightly modified instrument,
the Teloe RT935 (Fig. 243), were introduced to meet the require-
ments of a number of locomotive engineers, who desired a paper
feed on a mileage basis in preference to the original Hasler
instrument, which has a paper feed on a time basis.  These
instruments are constructed on the same fundamental prineiple
as the Hasler recorder.  The Teloe instrument is driven by gear-
boxes and rigid shafting, and the Tel RTS835 and RT935
instruments are driven by means of a 10 mm. diameter flexible
shaft with a stecl-lined outer cover, and a small ball-bearing
gearbox.  The instruments indicate continuously : i

1. The speed at which the train is travelling ;
. The total number of miles since the instrument was in-
stalled ;
3. The mileage of each journey (this indicator can be set
to zero) ;
4. The time of day in hours and minutes,

13
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The diagram shows a continuous record of :

1. The speed attained at any point of the run ; w L
2. The time the engine or coach is at work ; = N i S |
3. The distance covered ; = il “ g3 a5 5
4. The duration and point of stops ; = 233 = 9 - = @
5. The time of day in hours and minutes. zy 2 =g =8 w
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Fra. 242.—Tue Teroc axp HASLER SPEED INDICATORS AND I \ o = ;
Recorpers ¥or Locomorives (Hasler Telegraph Works) 2 m\ ol W
o \ o z
o
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Teloe speed indicators and recorders o b - o v
have a paper feed on a mileage basis of o 4 L al 2 B
5 or 10 mm. per mile, and holes are = ol = =
perforated in the upper and lower edge o = ol 2 a
of the chart every 5 mm. to correspond > >, = 3
e \ o | w5
to half or one mile. Consequently, the b N ol = =
length of a diagram of a certain track o \ o W &
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is always the same irrespective of the o s of 3 &
speed of the train, as the paper chart o R al * =
moves in proportion to the distance travelled. a \ \ 5 = S
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motive is travelling, and changes over H i i & o § =
. - o o
automatically to 5 mm. per hour when e ] L o [
the locomotive is standing. The hours are o by -E o
Fie. 243. — Larest Punched at the top of the paper in figures, o ( i) [ =
Parrery Ten RT and the minutes are recorded in a space 20 % g a &
835 Speep Inpica- mm. wide exactly below the hour by a stylus i i ™~ a E (2
TOR AND RECORDER.  rising and falling six times during the hour, ° L ol =
so that the distance from the bottom to o ] ol o
. . . = - . o
the top of this record is equivalent to ten minutes. Each half- o ﬁ% o &
mile or kilometre is punctured at the top and bottom of the paper. o J J i &
o . - . o =
A short length of record taken from one of these instruments is —L L ]

illustrated in Fig. 244, from which it will be noted that the
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instrument can, if desired, be provided to record the direetion
of travel, and, in the ease of an electric locomotive, when the
current has been “on”
or “off.”  Apparatus to
record the application of
the brakes can be fitted if
desired.

All  the instruments
deseribed  above are un-
affected by vibration or
changes of  temperature
and are not damaged if
the speed temporarily ex-
ceeds  the maximum  of
the seale.  Forward and
backward movements actu-
ate the instrument in the
SAIME MNANNer.

The Stone-Deuta
clectrical  speed  indieator
for locomotives (Figs. 245
and 247), which is of the
non-recording  type, con-
sists of a geared trans-
mitter, actuated by  the
driving on a coupled wheel
of a locomotive, electrically
connected  to a  moving-
coil instrument in the cab,
which indicates the speed
in miles or kilometres per
hour. Particular attention
has been given to  the
design of the apparatus
to make it suitable for
withstanding the severe
vibration and shocks which
are inherent with loco-
motives under  modern
high-speed conditions.

It consists of two essen-
tinl units : a transmitter,
which generates a voltage
proportional to the speed
of the rotating wheel to
which it is eoupled, and a
moving-coil instrument or
indicator, placed at any
distance from the trans-
mitter, which measures the
voltage thus generated.
The scale is marked in
F1c. 246.—Srose-DEura MECHANISED miles  or  kilometres  per
iD INDICATOR, hour.

STONE - DEUTA

MAE In B Ai

Fra. 245.—The Stroxe-Devra ELeerri-
calL Seeep Ixpiearor vor  Loco-

MOTIVES,

DUTTES

OF THE DRIVER

The special features of the indicator are :

389

() The large dial range, which permits an angular needle
deflection of 2807 without gearing.
(b) Adjustment for varving wheel diameter, the range for
which may be as great as 25 per cent. cither side of the

mean diameter for which the instrument

initially.

is calibrated

The transmitter generates alternating current, and is built
h‘ll])h‘llllllitl”}’ for continuous running.  For locomotive

tions, the alternator is
normally driven through
a 1 to 2:5 gearbox from
one of the driving wheels
by means of a return
crank fixed to the crank
or coupling-rod pin, Fig.
248. This also shows a
typical gearbox suspen-
sion  bracket, in  which
the main spindle of the
gearbox is coineident with
the centre line of the
axle. The indicator will
read  clockwise irrespec-
tive of the direction of
rotation of the alternator.

The indicator is of
the  moving-coil  type
(giving 280 without
rearing).  The eoil moves
in the field of a permanent
magnet. The dial face is
G in. diameter.

When the indicator is
corrcetly  fixed, .., in
the  position in which
it was calibrated and at
calibrated  temperature,
the combined accuracy
of the transmitter and

indicator is within 0-25 m.p.h. at any part of the seale.

Fia. 247.—ALTERNATOR AND
ForR STONE-DEUTA ELECTRIC
INDICATOR,

perature errors are negligible over a wide range.
Adjustment for tyre wear is provided by a rheostat incor-
porated in the instrument itself and is easily acecessible from the

back by means of a small detachable key (Fig. 249).

applica-

GEARBOX

AL SPEED

Tem-

This key

sets the scale, also on the back of the instrument, to conform to

the diameter of the wheel.,

The range of this adjustment is such

that the same equipment can be transferred to other locomotives
with smaller wheels to facilitate standardisation of speed-indicator

equipment.

In addition to the electrically operated speed indicator pre-
viously deseribed, this firm also supplies an adjustable indicator
(recording or non-recording) of the eddy cuwrrent or  drag
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type, operated by mechanical transmission. This is shown in
Fig. 246.

In this equipment a torsionless wire drive connected directly
to a freely suspended gearbox rotates a “C" type magnet
enclosing a light weight armature, the angular movement of
which, under the influence of the magnet field, is controlled by
a spring. TIts total deflection is proportional to the speed of
rotation of the magnet.

By means of a detachable key, shown on the lower outer edge
of the instrument, the scale on the indicator dial is set to conform
to the diameter of the wheel off which the indicator is driven.

—

Fic. 248, —TyricaL GEArRBOX SUSPENSION BRACKET,
StoNe-DEvTa SPEED INDICATOR.

Locomotives of the King, Castle, Star, and Saint classes on
the G.W.R. are fitted with speedometers (Figs. 250, 251. and
252). The equipment has been adopted as a G.W.R. standard.

It consists of an A.C. generator, and a voltmeter with a scale
graduated to read in m.p.h. mounted in the eab. The drive
is from a small return crank incorporated in the crank-pin washer
of the right-hand trailing coupled wheel. A block on this erank
engages in a slotted link mounted on a spindle carried on the
same centre line as the driving axle by a bracket suspended from
the footplate. The slot is long enough to allow for the greatest,
possible displacement of the driving wheel relative to the footplate
bracket. The drive is transmitted through bevel gears to the
generator, the armature of which runs on a vertieal axis at
two and a half times the driving axle speed.  An armoured cable
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conveys the alternating current to the voltmeter in the cab,
first passing through a rectifier so that the voltmeter gives a
unidirectional reading for both directions of running. The coil
in the generator has alternative tappings to permit of fitting to
engines with wheels of varying diameters.

As will be noted, the driving arm shown in the illustrations
(Figs. 251 and 252) is slotted right through and fitted with a
distance piece at the end of the slot. The reason for this is that if
the arm were made with a closed end, the speedometer gear
would have to be dismantled to remove the coupling rods,
whereas with a through
slot. all that is necessary
is to remove the distance

pieece, and the drinving COMPENSATING

crank can then easily be RESISTANCE FOR
unserewed from the erank- WHEEL DIA® ADJUSTMENT
pin and the coupling rods |

taken away.

The generators and
voltmeters were supplied
by the British Thomson-
Houston Co. Ltd., of
Coventry, and the driving
mechanism made at
Swindon works.

When looking ahead to
see  that the section is
clear, the enginemen
should maintain a strict
watech on  the opposite
running line in order that
it may be protected pro-
perly according to  rule
should any obstruction or
fault be seen. The driver
should also look back from |
time to time, especially i, 249.—Merinon or Apavsting TYRE
when  passing  through WEAR, StoNe-Devra ELECTRICAL
junctions or curves, to see Sreep INpieartor,
that the train is following
intact. When shunted across the road or into a siding with
a train the driver should take notice that he has not been
backed again on the same line by the signalman inadvertently
failing to move the points, and when recrossing the road it
should be seen that the train has been turned on the proper
running line.

Various details affecting the cleanliness of the engine will
be acquired gradually ; the number of black patches on the boiler,
for instance, will be reduced greatly by avoiding the use of the
large ejector (unless absolutely necessary) when standing or
passing under bridges. By measuring the water from time to
time, noticing the quantities of coal consumed, taking into
consideration the geography of the road, the number of vehicles
on the train, and the condition of his engine, the driver will

==

ADJUSTING
KEey
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soon be able to form a fairly accurate idea as to the distance he
can travel with a given amount of water and coal.

The methods of procedure when starting away with a
passenger or other train, manipulation of the brakes when running

\

VOLTMETER
SPEEDOMETER

Fra. 250.—G.W.R. Seeeposmerer, Cas FreriNas,

ALL BOLTS FITTED WITH\
GROVER WASHERS |

l,-' A.C.GENERATOR—17_
| S A )
\. J
\ R
\ ' S T——
\ »

\

F1G. 252.—ARRANGEMENT OF DRIVING MECHANISM AND GENERATOR ;
ArmMourgenp A.C. CapLe axp SPEEDOMETER 1IN Can, G.W.R.

down a falling gradient, and regulation of speed when entering a
terminus, ete., have already been deseribed.

The engine should be returned to the shed with the fire as
o= p low as possible, so that it may be dropped, if necessary, after
i 25L.—DrIvVING GEAR AND GENERATOR. a proper supply of coal, water, and sand has been obtained.

13 A
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The boiler should be filled before the fire is dropped, so that
the cooling process may be gradual, and reduce the chances
of damage by sudden or violent contraction.

Anything of an unsatisfactory nature that may have been
observed in the running of the engine during the journey should
be attended to at once. If the engine has been steaming badly,
for example, the smokebox should be inspected for leaky joints
and the pipes tested by admitting steam. If all joints are found
tight, and the brick arch is in good condition, a faulty piston may
be causing the trouble. This is often indieated by the tube ends
in the firebox becoming choked with dirt, and if any doubt occurs
the pistons should be tested at onee,

If the beats of the engine have been very irregular, or a
constant blow up the chimney observed, and there is the least
suspicion that something is wrong with the admission or exhauns-
tion of steam to and from the eylinders, the valves should also
be tested. The following is a simple method whereby the tests
for faulty valves or pistons may be carried out :—

First place right-hand erank on top centre with the reversing
lever in full forward gear, brake hard on, and eyvlinder drain cocks
open.  With the erank and lever in this position, steam will be
admitted to the back end of the eylinder when the regulator is
opened. If the piston rings are leaky or broken, steam will be
discharged from both drain cocks, but if the rings are good and
tight, steam will issue from the back drain cock only. To make
sure, the lever may be placed in mid gear. The valve will then
be in its middle position with both steam ports cloged, and the
drain cocks should therefore be free from steam. Then place the
lever in full backward gear, thus admitting steam to the front
end of eylinder, and through the front drain cock only if the
piston rings are in good condition. If a blow from the drain
cocks is observed with the lever in mid gear, it may be taken
for granted that the valve is faulty or the valve lap broken.
The end of the eylinder from which the steam issues will denote
whether it is the front or back valve lap that is damaged. If a
small piece only is broken from the lap, the constant blow will
be observed when running in full forward or full back gear, but
will disappear entirely when the engine is notched up to near
mid gear.

With the erank on top centre, it will be seen that the valve
always travels in the same direction as the reversing lever, and
that steam is admitted to the front end of the eylinder with the
lever in full back gear, and back end of eylinder with lever in
full forward gear. If, however, the piston is tested with the erank
on bottom centre the reverse takes place, and the valve will
travel in the opposite direction to the reversing lever. In this
case, steam will be admitted to the front end of the eylinder
with the lever in full forward gear or the back end of the eylinder
with lever in full back gear, and the steam from the drain cocks
must be noted accordingly. These tests may, of course, be carried
out with the cranks in different positions to those given here,
but the foregoing is quoted as a very simple and effective method
whereby each end may be tested separately.

Erratic or constant blows up the chimney may also be given
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from causes other than those already mentioned. A Htl‘!’l:llh'(l
or broken valve gpindle or buckle. for instance, may give either
an erratic or a continuous blow, as the adjustment of the valve
is altered, the valve held from its face, or a steam port 0])(‘!'l¢atl
continuously, according to the nature (_)I"l‘!lc failure. The shifting
of an eccentric or a break in the division between the steam
and exhaust ports will also give an erratic beat. In the latter
case a heavy blow will be given up the blast pipe whun' l,ll'l‘
damaged port is opened to steam by the valve. A b_rok:-n _\u[\(-:
cavity would give a continuous blow up the blast pipe |mmv<lmt,'(-]_\
the regulator was opened. These last failures ave, however,
rare, and a broken valve cavity would (I'Iﬁlll)](' the engine com-
pletely by the great loss of steam, and assistance would therefore
have to be obtained. . )

To locate a faulty beat or blow it is essential that the driver
should possess a knowledge of the relative crank u.!.ul \'l_tl\'n
positions.  In accordance with the usual method of setting,
and for simplicity, the relative positions of valves with eranks on
centres have been deseribed. . )

The diagrams (Figs. 253 to 256) will be useful s showing
the relative erank, piston and valve positions on the four centres
in forward gear. Fig. 253 shows the crank on the back dead
centre. with the back port open J§ in. to lead steam, the fnmt'
port open to exhaust and the piston at the commencement of
its stroke. In Fig. 254 the erank has reached llwilzup centre,
with the back port full open to steam and front full open to
exhaust.  Negleeting the obliquity of the connecting rod, the
piston may be said to be in the middle of its stroke.

At Fig. 255 the erank has attained the front dead ecentre ;
henee the & in. lead steam to the front port and the back port
open to exhaust, with the piston at the commencement of the
return stroke. With the erank on the bottom centre, as shown
in Fig. 256, the front is full open to steam and the I.u}c-k ‘]_JOI‘t-rin
exhaust. The piston has returned to the position given in Fig. 254.

The following particulars give the different positions of the
valve motion, at the different notehes, in forward and Imt-kwa}r(l
wear.  The relative positions with the left-hand crank leading
are given in Fig. 258, 1

Sinee examiners may require a candidate to have some
knowledge of relative positions with the cranks on a'nglc-s. it
is important that the rising driver should be familiar with valve
events in these different positions. ol L .

The diagrams (Figs. 258 and 259) should be of assistance in
acquiring the necessary information as to the rc'],mn_'u positions
of eranks, valves, and side rods with Stephenson’s link motion,
on both centres and angles, for engines with either right or left
hand leading eranks.

Fig. 259 gives relative positions on centres and angles for an
engine with the right-hand crank leading. .

1. R.H.and L.H. big ends on top and back centres respectively,
with lever in forward gear. Both front ports open to exhaust,
with R.H. back port open to steam and L.H. back port by amount
of lead only. )

In mid gear, the R.H. front and back ports are closed, since
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the valve is in middle position, with L.H. front port open to
exhaust and the back port to steam by amount of lead only.

In back gear, the R.H. back and L.H. front ports are open
to exhaust, with R.H. front open to steam and L.H. back by
amount of lead only.

2. R.H. and L.H. big ends on top front and top back angles
respectively, with lever in forward gear. R.H. and L.H. front ports
open to exhaust ; R.H. back port closed and L.H. back open
to steam.

In mid gear, the R.H. front and L.H. back steaming edges of
valves and ports are about in line, with R.H. back and L.H. front
open to exhaust.

In back gear., both back ports are open to exhaust, with
R.H. front open to steam and L.H. front port closed.

3. R.H.and L.H. big ends on front and top centres respectively,
with lever in forward gear. The L.H. back and R.H. front ports
open to steam, the latter by amount of lead only, with R.H. back
and L.H. front ports open to exhaust.

In mid gear, the L.H. front and back ports are closed since the
valve is in middle position, with R.H. front port open to steam
by amount of lead only, and back port open to exhaust.

In back gear, both back ports are open to exhaust and
both front ports open to steam, the R.H. by amount of lead
only.

4. R.H. and L.H. big ends on bottom front and top front angles
respeetively, with lever in forward gear. The R.H. back and
L.H. front ports open to exhaust, with R.H. front open to steam
and L.H. back port closed.

In mid gear, both front steaming edges of valves and ports
are about in line, with both back ports open to exhaust.

In back gear, the R.H. front and L.H. back ports are open
to exhaust, with L.H. front open to steam and R.H. back port
closed.

5. R.H. and L.H. big ends on bottom and front centres
respectively, with lever in forward gear. Both back ports open to
exhaust and front ports open to steam, L.H. by amount of lead
only.

In mid gear, the R.H. front and back ports are closed since
valve is in middle position. with L.H. back port open to exhaust
and front to steam by amount of lead only.

In back gear, the R.H. front and L.H. back ports are open
to exhaust, with R.H. back port open to steam and L.H. front
by amount of lead only.

6. R.H. and L.H. big ends on back and front bottom angles
respeetively, with lever in forward gear. Both back ports are
open to exhaust, with L.H. front open to steam and R.H. front
port closed.

In mid gear, the R.H. back and L.H. front steaming edges of
valves and ports are about in line, with R.H. front and L.H.
back ports open to exhaust.

In back gear, both front ports are open to exhaust, with R.H.
back open to steam and L.H. back port closed.

7. R.H. and L.H. big ends on back and bottom centres
respeetively, with lever in forward gear, R.H. front and L.H. back
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Fra. 268 —RELATIVE Positions or CRANKS, VALVES, AND
Suine Rops.

Engine with Right-Hand Crank Leading.

DUTIES OF THE DRIVER

i, 259.—RELATIVE POsSITIONS ON CENTRES AND ANGLES,

Engine with Left-Hand Crank Leading.
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ports open to exhaust, with L.H. front open to steam and R.H.
back by amount of lead only.

I'n mid gear, the L.H. front and back ports are elosed, since
the valve is in middle position, with R.H. front open to exhaust
and back port to steam by amount of lead only.

In back gear, both front ports are open to exhaust with back
ports to steam, R.H. by amount of lead only.

8. R.H. and L.H. big ends on top and bottom back angles
respectively, with lever in forward gear. R.H. front and L.H. back
ports open to exhaust, with R.H. back open to steam and L.H.
front port closed.

In mid gear, both back steaming edges of valves and ports
are about in line, with both front ports open to exhaust.

In back gear, the R.H. back and L.H. front ports open to
exhaust, with L.H. back open to steam and R.H. front port
closed.

Fig. 258 gives relative positions of eranks, valves, and side
rods for an engine with left-hand crank leading.

1. L.H.and R.H. big ends on top and back centres respectively,
with lever in forward gear. Both front ports open to exhaust and
back ports open to steam, R.H. by amount of lead only.

I'n mid gear, the L.H. front and back ports are closed since
the valve is in middle position, with R.H. front port open to
exhaust and the back to steam by amount of lead only.

In back gear, the L.H. back and R.H. front ports are open
to exhaust, with L.H. front open to steam and R.H. back by
amount of lead only.

2. L.H. and R.H. big ends on top front and top back angles
respectively, with lever in forward gear. Both front ports open to
exhaust, with R.H. back open to steam and L.H. back port
closed.

In mid gear, the L.H. front and R.H. back steaming edges
of valves and ports are about in line, with L.H. back and R.H.
front ports open to exhaust.

In back gear, both back ports are open to exhaust, with L.H.
front open to steam and R.H. front port closed.

3. L.H. and R.H. big ends on front and top centres respectively,
with lever in forward gear. The L.H. back and R.H. front ports
open to exhaust, with R.H. back open to steam and L.H. front
hy amount of lead only.

I'n mid gear, the R.H. front and back ports are closed since
the valve is in middle position, with L.H. back open to exhaust
and front port open to steam by amount of lead only.

4. L.H. and R.H. big ends on bottom and top front angles
respectively, with lever in forward gear. The L.H. back and R.H.
front ports open to exhaust, with L.H. front open to steam
and R.H. back port closed.

In mid gear, both front steaming edges of valves and ports
are about in line and back ports open to exhaust.

I'n back gear, 1.H. front and R.H. back ports open to exhaust,
with R.H. front port open to steam and L.H. back port closed.

5. L.H. and R.H. big ends on bottom and front centres respec-
tively, with lever in forward gear. Both back ports open to exhaust,
and front ports to steam R.H. by amount of lead only.
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In mid gear, the L.H. front and back ports are closed since
the valve is in middle position, with R.H. back open to exhaust
and front port to steam by amount of lead only.

In back gear, the L.H. front and R.H. back ports are open
to exhaust, with L.H. back open to steam and R.H. front by
amount of lead only.

6. L.H. and R.H. big ends on bottom back and bottom front
angles respeetively, with lever in forward gear. Both back ports
are open to exhaust, with R.H. front open to steam and L.H. back
port. closed. i

In mid gear, the L.H. back and R.H. front steaming edges
of valves and ports are about in line, with L.H. front and R.H.
back ports open to exhaust.

In back gear, both front ports are open to exhaust, with L.H.
back open to steam and R.H. back port closed.

7. L.H. and R.H. big ends on back and bottom centres respec-
tively, with lever in forward gear. L.H. front and R.H. back ports
open to exhaust, with R.H. front open to steam and L.H. back
by amount of lead only.

In mid gear, the R.H. front and back ports are closed since
the valve is in middle position, with L.H. front open to exhaust
and back port open to steam by amount of lead only.

In back gear, both front ports are open to exhaust and back
ports to steam, L.H. by amount of lead only.

8. L.H. and R.H. big ends on top and bottom back angles
respectively, with lever in forward gear. L.H. front and R.H. back
ports open to exhaunst, with L.H. back open to steam and R.H.
front port closed.

In mid gear, both back steaming edges of valves and ports
are about in line, with front ports open to exhaust.

In back gear, the L.H. back and R.H. front ports open to
exhaust, with R.H. back open to steam and L.H. front port
closed.

It has been mentioned already that with inside admission
piston valves the steam is admitted to the engine eylinders
when the valves are travelling in a direction opposite to that
for ordinary outside admission slide valves.  This should be
borne in mind partieularly when testing for faulty valves or
pistons.  The diagram, Fig. 260, will be useful as showing the
relative positions of the steaming and the exhausting edges of
inside admission piston valves and ports.

The eranks are, however, first placed in the positions indieated
for testing outside admission valves, as, for example, with the
..H. big end on top centre and the lever in mid gear, the L.H.
valves will be in good order if no steam issues from the drain
cocks when the regulator is opened. A discharge of steam from
the front or the back drain cocks will indicate that the valve
at the respective end of the cylinder is passing steam. The
right-hand valves are tested in a similar manner.

In order to ensure efficient lubrication of the piston valves,
drivers have been known to use excessive quantities of oil, and
the suplus oil has become carbonised by contact with the high-
temperature steam. In this manner the rings become fouled



404 LOCOMOTIVE MANAGEMENT

and are prevented from making efficient, contact with the working
faces, with an eseape of steam to one or both ends of the engine
eylinder.

Superheated engines are often fitted with pressure release
valves. In this case it is essential that the three-way cock fitted
to the steamchest should be closed before the valves are tested,
otherwise steam will be allowed to enter the front or the back
end of the eylinder. Tt will therefore be seen that, unless this
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Fra. 200.—Rerarive POSITIONS OF STEAMING AND EXx-
HAUSTING Epaes ; Insipe Apmission Piston VALVES
AND PortTs.

three-way cock be closed fully, steam will pass direet from the
steamehest to the eylinder, and the consequent discharge through
the eylinder drain cocks may lead the driver to assume that the
piston valves arve faulty. In the case of engines fitted simply
with a by-pass and without a three-way cock, steam may be
prevented from passing from the steamchest to the cylinder by
the insertion of a blank washer, or a halfpenny, at the jointfs
connecting the pipes to the steamchest.

In the event of a breakage of one of the pipes connecting the
release valves, the three-way cock should be closed by turning
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the handle to the vertical position, which not only avoids a
waste of steam, but also ensures an unobstructed look-out for
the driver and fireman. The caps on the release valves should
also be taken off, and a packing piece, or a §-in. nut, inserted to
hold the valves tight on their seats, and thus permit the engine
to be worked forward or home to its depot. Should the plug
of the three-way cock work out and be lost, a }-in. bolt with
washers at each end may be fixed in place of the plug, or a tem-
porary wood plug, tapered to suit, could be driven tightly in
the body of the cock.

Before leaving the shed, the driver should see that the handle
of the three-way cock is in its proper position, otherwise the
bheats of the engine will be irregular, and give the impression
that the valves or the gear are faulty.

Assuming that nothing unusual has been observed during
the journey, and a supply of coal and water obtained, the engine
should be placed over the pit with the right-hand crank on the
hottom centre, the brake hard on, the eylinder drain cocks open,
and the lever in mid gear, for a thorough and systematic
examination. The driver should then leave the footplate on his
own side and pass round the engine and tender with his right hand
nearest the motion-work. All tyres should be sounded with
the hand hammer, and side rods, axleboxes, springs, brake
hangers, shackles, ete., inspected closely.  Passing underneath,
the brake and sanding gear, big and little ends, axles, cccentrics,
straps and rods, slide-bar bolts and glands, ete., should be
examined closely. Pass under the ashpan to inspect the damper
rods and brake gear under the footplate, ete., and see that the
hose connections are uncoupled in frosty weather.

The eranks should afterwards be moved to the top position,
i.e., equidistant from the top centre, so that the big ends, ete.,
will be well out of the way when raking out the ashes. Any
defect, however trifling, should be noted carefully and entered
in the repair book. Reports as to loss of time, the state of the
road, ete., are most effective when to the point, and will be
appreciated more fully by the head of the department when
clearly and coneisely written.
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C'‘HAPTER 17

DEFINITIONS AND EQUIVALENTS OF
TECHNICAL TERMS AND LOCOMOTIVE DATA

ApsorLuTE PRrESSURE is reckoned from zero or vacuum, i.e.,
14-7 1b. below atmospheric pressure.

Back Pressure is the term generally used to indieate the
loss due to the retarding effect of atmospherice pressure acting on
the exhaust side of the piston. Throttled exhaust either in the
pipes or port passages will produce this effect.

Bormer or GAvGE PrEssURE is that above the pressure
of the atmosphere : hence hoiler pressure--14-7 Ib.-—absolute
pressure.

Brake Horse-rowrr (B.H.P.) represents the amount of
useful power at the crankshaft, and is equal to the indicated
horse-power, minus the losses due to friction of the engine, ete.

Bririsi THErMAL Unrr (B.Th.U.), or unit of heat, is the
heat required to raise the temperature of 1 1b. of water at about
30-1° K. through 1° F,

The mechanical equivalent of the B.Th.U. is known as Joule's
equivalent, and is equal to 778 ft.-b. or units of work. Heat
and mechanical energy are therefore convertible, a definite number
of units of work being obtainable from each thermal unit.

Brrrisy Unir or Work is the * foot-pound,” i.e., 1 1b.
raised through a height of 1 ft.

CLEARANCE.—The clearance of a eylinder is the amount of
space between the piston and cover, together with the volume
of the steam port when the piston is at the end of its stroke.

Conpuerion oF Hear is the transmission of heat through
different bodies or metals, and is due to the difference of tempera-
ture between the bodies or metals.

ConvecrioNn oF Hrar is the transference or conveyance of
heat, as from the heating surfaces through the water in a boiler.

[INprcarenp Horse-rower (LH.P.) is the power exerted by
the steam in the eylinders as shown by the indicator diagram.
[t is obtained by multiplying the mean effective pressure (M.E.P.)
by the area of the piston, by the speed of the piston in feet per
minute (or twice the number of revolutions by the length of the
stroke in feet), and dividing the product by 33,000. Thus we
have :—

INDICcATOR.—An instrument which may be attached to the
engine eylinders to indicate in the form of a diagram the variations
of steam pressure throughout the stroke. The diagram thus

407
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obtained is used for computing the amount of work performed
by the engine.

P=M.E.P. in pounds per square inch.

L=Length of stroke in feet.

A =Area of piston in square inches.

N=Number of strokes per minute,

Hence P x LxAxN 33,000=I.H.P. developed by the engine.

INrrian PrReEsSURE is the pressure of steam in a locomotive
cylinder at the beginning of a stroke.

INsmE or Exsauvsr Lap is the amount by which the inside
edges of a valve overlap the steam ports, thus partly covering
the port bridges when the valve is in its middle position.

InsipE or Exsavst LeAD is the amount by which the inside
edges of the valve are open to exhaust when in the middle position.

Lar is the term used to denote the amount by which the
valve overlaps the outside edges of the steam ports when the valve
is in the middle position.

Leap is the distance that the port is open to steam with the
crank on the dead centre.

Mean Errecrive Pressure (MUE.P.) is the average pressure
per square inch on the piston during the full length of the stroke.
The actual amount is obtained from the indicator diagram.

O~e Horse-rower (H.P.) is a unit of power equal to 33,000
ft.-Ib. of work per minute, i.e., 33,000 Ib. lifted a height of 1 ft.,
or 1 1b. raised 33,000 ft. in one minute.

Pertop or Apmissron is that portion of a stroke during which
the valve is opening and closing the port, thus admitting steam
to the eylinder.

PERIOD 0F COMPRESSION is between the point of compression
and point of admission, during which time the retained steam is
compressed in the clearance spaces, thus acting as a cushion
for bringing the piston to rest gradually at the end of the stroke.

Periop or Expansion is that portion of the stroke between
the point of cut-off and the point of release. During this period
the valve covers the ports, and the expanding steam forces the
piston forward with a gradual loss of pressure as the space in the
cylinder occupied by the steam increases.

Perion oF ReLease, or exhaust, occurs between the point
of release and point of compression, during which time the valve
is opening and closing to exhaust.

Point or Apmission is that point relative to the stroke at
which the valve begins to open for the admission of steam to
the eylinder.

Pomxt oF ComPrEssION is that point relative to the stroke
at which the valve closes the exhaust, thus usually retaining a
certain amount of steam for compression.

Pornr oF Cur-0FF is that point relative to the stroke at
which the valve ecloses, thus cutting off the admission of steam
to the eylinder.

Point or Renease is that point relative to the stroke at
which the valve opens to exhaust, thus releasing the expanded
steam from the eylinder.

Rapiarion or HeaT is said to oceur when heat passes from
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a body into the atmosphere, or when heat is transferred in the
form of radiant energy, as in the case of ineandescent fuel on a
firegrate. )

SexsisLe Hear is the heat of a substance as denoted by the
thermometer. ) . ‘

SATURATED STEAM.—Steam is said to be saturated when in
contact with the water in the boiler, under which conditions
a rise of temperature cannot take place without a corresponding
rise of pressure, " .

SUPERHEATED STEAM.—Steam is said to be superheated when
heat has been added after the steam has been removed from
contact with the water in the boiler. Under these conditions,
by providing for the increase of volume, a rise of temperature
may be obtained without a corresponding increase of pressure.

TempEraTURE is the intensity of heat in bodies, and is
measured by thermometers thus :—

Temperature of

Melting ice . : ! . = 322 P,

Boiling water at atmospherie pressure—212° F.

Steam at 50 Ib. absolute pressure . =281° F.
i 100 ., - o . =327:9°F.
7 150 ,, ” 7, . =3583" I.
" 200 ,, i > . =381-7° F.

The boiling point of a liquid varies with the pressure at which
evaporation or vaporisation takes place, and is known as the
temperature of cbullition, thus :—

Temperature of ebullition at

14-7 1h. absolute pressure . . . =212°F.
30 ., » " . - . =249°T.
6o, v 7 . 5 . =291° .
a0, " " . : o =319% .

Wme Drawine is the term generally used to indicate any
loss due to reduction of pressure between the boiler and eylinder,
This may be eaused by throttling in the steam pipes or ports, or
by an insufficient opening of the regulator.
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ent. b.p.),

RULES : EXAMINATION

Tur examination for firemen to aet as drivers is practical and
oral. To pass this examination successfully, the candidate will
require to be acquainted thoroughly with the following subjects :—

Weight of engine

5 per ¢

. ft.

Total engine wheelbase,
3 ewt. Tractive effort (at 8

1. Care and manipulation of the engine.

2. Reading of signals and judgment of distances.

3. Manipulation of boiler adjunets and methods of con-
trolling the fire.

4. Constructional details of the locomotive and the liability

of easualties thereto.

5. The making and use of trimmings.

Methods of lubrication generally and the importance of

proper attention to oiling.

Methodical examination of the engine and the reporting

of defects.

8. General knowledge of, and the proper application of,
Rules and Regulations,

9. The construction and action of automatic and steam
brakes.

10. The examination may include the disconnecting of some
part of the engine, and the making of such temporary
repairs as will enable the engine to travel to its destina-
tion, shed, or depot, as the case may be.

] :5'1{

rate area, 2¢

8 sq. ft.

il

234, Yorkshire, LN.E.R.
Chief Mechanical Engineer.
Coupled wheelbase, 10 ft.

In some districts a scheme has been introduced whereby
all drivers and passed firemen are to be re-examined in their
knowledge of the essential Rules and Regulations as affecting
enginemen, at intervals of about two years.

The following examination is suggested as a method whereby
the more important rules can be committed to memory by applying
them as nearly as possible to the working conditions. The whole
of the rules applicable to driver and fireman are not quoted for
examination, sinee these have been fully dealt with, and it should
be remembered that the examiner may ask the candidate questions
about any of the rules affeeting his duties. Questions affecting
daily routine work have been quoted already in the examination
for firemen, and these, in addition to questions relative to road
repairs, water, signals, ete., as indicated in the chapter on
* Driver’s Duties,” may be asked.

The driver may also be expected to make a full set of
trimmings.

The method here adopted, viz., starting with the train from a
station or siding, will, from the ease with which the questions

‘nder in working order, 118 tons 1

T'otal heating surface, 16

"

sq. in.
gine and te

262.—4-4-0 LocomoTive No.
Coupled wheels, 6 ft. 8 in. diameter.

Fia.
The late Sir Nigel Gresley, C.B.I

b in.

Boiler pressure, 180 Ib.
Weight of en

3), 17 in. by 2

Cylinders (
11 in.

24 ft.

! As the various railway companies have their own—sometimes very
important—modifications and additions to the standard rules issued under
the authority of the Railway Clearing House, it is possible to give here only
the essential principles involved.  All readers should therefore consult very
carefully the Rule Book issued by their own line and ascertain what further
information it may have to give.
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in working order, 66 tons.

21,556 1b.
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are answered, give a fair indication of the candidate’s general
knowledge of the whole of the rules.

1. What should the driver do when starting away with a train from
a goods yard or siding ?

First see that the proper fixed signals arve ** off,” but do not
start. without receiving the guard’s signal, in accordance with
rule 142 (b). After starting the driver should make sure that the
whole of the train is following and that the fireman has exehanged
hand signals with the guard, in accordance with rule 142 (d).
If necessary a short whistle should be given to attract the guard's
attention.

2. How are signals exchanged with the driver of an assisting
engine ?

When starting in cireumstances in which a signal from the
guard is first required, such signal is—unless there are special
instructions to the contrary—given to the driver of the assisting
engine, who must eall the attention of the driver of the front
engine by giving two ** erow 7 whistles ;  these must then, pro-
vided the necessary fixed signal is * off.,” be acknowledged by
repetition.  If stopped by fixed signal on the journey no guard’s
signal is required to restart, and when the fixed signal comes
“off 7 the * erow ' whistles must first be given by the driver
of the front engine and the rear driver must acknowledge them.
In neither case may the train be set in motion until the whistles
have been duly exchanged, in accordance with rule 133 (¢).

3. When detained at a stop signal, what must you do ?

Sound the engine whistle Zmmediately in accordance with
rule 55 (a), then—except where track cirenit or other protective
apparatus, as indicated by the preseribed sign on or near the
signal post, or as announced in special instructions, is provided,
or except when detained at a home signal on a single line when
carrying a train staff or eleetrie token—see that the fireman, if
nearer to the signal box than either guard or shunter (clause (e)
of the rule)—unless printed instructions exist to the contrary—
proceeds to the box to remind the signalman of the position of
the train.  He must remain there until it ean be allowed to
proceed, unless he can obtain an assurance from the signalman
that he has made use of his train reminder appliances, where
provided. This duty of sending the fireman to the signal box
must be performed immediately in foggy weather and in clear
weather not later than three minutes after whistling,  (If either
the guard or shunter is nearest to the signal box the duty of
going there devolves on him.)

4. When your train is shunted from one running line to another,
what must be done ?

The guard, shunter, or fireman, as laid down in rule 55 (e).
must satisfy himself that the line from which the train has been
shunted is clear, and then proceed immediately to the signal box
and act as already explained. (Rule 152 (b) may also apply.)
The object of going to the signal box is, in all cases, to remind
the signalman of the position of the train and guard against
another being allowed to approach on the same line by mistake,
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5. What does a green hand signal waved slowly from side to side
by a signabman denote, and what precautions must be taken
after it is seen ?

This signal denotes that the train has become divided.  Great
caution must therefore be exercised. in accordance with rule 182,
and a watch kept for the detached portion. The green hand
signal will not be exhibited unless it is intended that the train
shall enter the block section in advance and gives authority for
it to do so, against the fixed signals if necessary, in which case a
very careful lookout ahead must be kept.

6. How would you proceed when both portions have been brought
to a stand ?

If the front portion has not reached the home signal at the
box in advance, and provided both portions ean be recoupled,
send the fireman back to the guard, who should be protecting
the detached vehicles, for a white wrong-line order, form * C,”
authorising setting back towards them. in accordance with rule
183 (i). If., however, the front portion has reached the home
sigmal the guard must be asked to issue the pink form A7
addressed to the signalman, and not form = ¢, and the wrong-
line movement must not take place until the signalman gives
permission.

7. How many wrong-line forms are there and how are they used ?

There are four. Form * A" (pink) is used by a guard when
requesting the signalman in advance to allow the train engine,
or, if such has been removed from the line, another engine or the
breakdown van train, to come along the wrong line to the remain-
ing portion, in accordance with rule 183 (/). Form * B ™ (green)
is used by the driver of a disabled engine to request the signalman
in advance to allow an assisting engine or breakdown van train
to come towards him in the wrong direction (rule 183 (g)).
Form ** ! 7 (white) is used by a guard, after his train has become
divided, to anthorise his own driver to set back to the rear portion
(rule 183 (i)). Form * D" (yellow) is used by a signalman to
authorise a movement to be made towards his box in the wrong
direction through the section, for either part or all of the way
from the signal box in advance (rules 175 (¢). 183 ( f ). 183 (g). 184,
and 203). Form “ B " (green) is therefore the only one that can
be issued by a driver, who should have a supply of it. 1f, how-
ever, he has none in his possession, he may write out the pre-
seribed wording, as given in the rule book, on a piece of paper
and make use of that in a case of necessity.

8. What wmust a driver do if his train by accident fouls the opposite
running line or is dangerously near to it ?

If his engine ean travel he must at once detach it and run
forward not less than three-quarters of a mile from the seene of
the mishap, where the fireman must place three detonators,
10 yd. apart, to protect the opposite line, as laid down in rule
180 (a), and rejoin the engine, which must be taken forward to
the nearvest signal box, where the signalman must be informed
of the obstruetion. The engine whistle must be sounded and a
red hand signal exhibited to stop any train approaching on the
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other line. In addition a red head light must be carried through
tunnels, after sunset, and during fog or falling snow. Should a
train be seen approaching on such other line the driver must
stop at once to allow his fireman to put down detonators on it.

9. If your train fouls the opposite running line and your engine
is disabled or there is any difficulty or delay in ;h'.mdzinq il
what should be done ? e
The fireman must be sent forward at once and he must
put down one detonator a quarter of a mile ahead, another
a further quarter of a mile ahead, and the three detonators at a
distance of three-quarters of a mile from the train. He must
continue to go forward, showing a red hand signal, to the nearest
signal box and advise the signalman of the circumstances, as
lau! d_own in rule 180 (a). In either case, the protection of the
train in rear devolves on the guard, provided he is available.

10. In the case of a light engine, how would you act ?

. :

§emi' the fireman forward and proceed to provide the pro-
tection in rear oneself, or send some competent person to do so,
should he be available, as laid down in rule 180 ().

L1. Should your engine be unable to take the whole of the train
Sorward, necessitating its being divided, what would you do ?

Send the fireman to inform the guard and arrange for the
train to be divided suitably. Then proceed forward with the
first portion. Unless there is a second guard available, the fireman
must ride on the last vehicle or nearest suitable one to it, as
laid down in rule 183 (d). No tail lamp may be carried on the
last. vehicle until the signal box in advance is reached, where
the signalman must be informed of the circumstances, but if it is
necessary to proceed beyond it, one must be placed in position
before so doing. If the fireman does not ride on the last vehicle
he must be able to tell the signalman that the front portion is
complete.

12, How should the remainder of the train be removed ?

By crossing to and returning along the proper line, in accord-
ance with rule 183 (a), and recrossing at the nearest point behind
the rear portion, which must be propelled forward until it is con-
venient to go in front again. 1If, however, there is a crossover
immediately in front of the train, and within sight of the signalman
this should be made use of to attach the engine in front. '

13. If it should be necessary or more convenient lo return on the
wrong line to the rear portion, what must be done ?

The fireman must be sent to the guard for a wrong-line form
A7 (pink), authorising the signalman in advance to allow such
movement to be made, in aceordance with rule 183 (f). 1f,
owing to there being no crossover or convenient siding at his
signal box, it is necessary to proceed to the next one and return
on the wrong line from there, then a wrong-line form “ D
(yellow) must be obtained from the first signalman, authorising
the next signalman in advance of him to allow such movement
to he made,
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14. When a train stops on a running line through engine failure,
how does the driver obtain assistance ?

If it i8 necessary for the assisting engine or breakdown van
train to travel on the wrong line from the signal box in advance,
the driver must send the fireman with a wrong line form “ B ™
(green) to the signalman there, and the fireman must accompany
the assisting engine or breakdown van train and point out the
position of the disabled train, which must not be moved in the
meantime. If there is no erossover at such signal box and assist-
ance has to come from the next one in advance, then the fireman
must obtain a wrong-line form ** D 7" (yellow) from the signalman,
authorising the next signalman in advance of him to allow the
necessary movement to be made, as laid down in rules 183 (g)
and 184,

15, If it should be more convenient to gel assistance from the rear,
how would you obtain it ?

By requesting the guard to go back and accompany the
assisting engine, as laid down in rule 179 (¢). Except in fog or
falling snow the signalman in rear may, if he has received a
message for assistance, allow it to leave without waiting for the
guard to arrive, if he is known to be coming back ; the driver
of the assisting engine must be instructed to look out for the
guard and pick him up. If it will be necessary, however, for
this engine to return on the wrong line the guard must be provided
with a wrong-line form ** D ™ (yellow), in accordance with rule 184,
before it proceeds.

16. If a vehicle in your train is found to be on fire, what must be
done ?

The train must be stopped, as laid down in rule 188; the
guard must duly protect it if it is not protected by fixed signals.
The fireman, or front guard should there be one, must then detach
the vehicles in rear of the one on fire. This vehicle must at once
be drawn forward at least 50 yd. and uncoupled and left properly
secured until the fire can be extinguished. Every effort must be
made to extinguish the fire.

17. If your engine explodes a detonator in clear weather, other
than at a fizved signal or signal box, how must you act ?

Bring the train under complete control, in accordance with
rule 60, to be able to stop at once if required, then proceed
cautiously up to the obstruction or until a further signal is received.
In fog or falling snow the train must be stopped before proceeding
cautiously as described.

18. If, after cxploding a detonator, a green hand signal, waved
slowly from side to side, is seen, what does it indicate ?

That speed must be reduced to 15 m.p.h.—or such other
reduced speed as may be prescribed—over the portion of line
to which the signal applies.

19. What does a green hand signal waved slowly from side to side
by a hand signalman indicate ?

That speed must be reduced as explained already, in accordance
with rule 127 (xxi).
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20. What arrangements are made when the necessity for trains to
travel at a reduced speed continues for some time ?

The hand caution signal is replaced by a warning board,
fish-tailed at one end and pointed at the other, painted green with
a white border, as preseribed by rule 218 (a). This carries one
green and one white light at night and is placed at least half a
mile from the beginning of the length over which reduced speed
has to be observed. This section is indicated by a hand signalman
or by an indicator bearing the letter ** €' in black on a white
background. In the latter case the termination is marked by
another indicator bearing the letter *“ T in white on a black
background. The warning board may carry an indicator bearing
figures denoting the speed which is not to be exceeded,

21. What is meant by station-yard working ?

That the absolute block regulations are not in force and that
two or more trains may be allowed in a section or station line at
one time, under suitable precautions, provided the line is elear
to the point to which a train requires to run. In such cireum-
stances, the train will be stopped at the signal controlling the
entrance to the section of line concerned, and a green hand signal
held steadily in the hand will be exhibited by the signalman.
If, however, there is a calling-on signal, this will be used instead
of the hand signal.

22, What is a track circuit ?

A safety device in which the rails form part of an electric
cireuit, so arranged that the presence of a vehicle—even only one
axle of it—between the ends of the track-circuited section is
indicated automatically in the signal box. This device locks
signal levers and  block instruments, operates level-crossing
warnings, controls automatic and semi-automatic signals, ete.,
as the case may be.

9

3. How docs the existence of track-circuiting chicfly affect engine-
men and the carrying out of certain rules, such as Nos. 55,
78, and 182 ?

When standing at a signal where track eireuit is provided,
as indieated by a sign on or near the signal post, or as notified
to trainmen by instructions, there is no need to carry out the
provisions of rule 55 beyond sounding the whistle, A track-
circuit failure will result in signals being locked at danger, although
the line they control may be unoceupied and thus necessitate the
employment of hand signalling, as laid down in rule 78. Such a
failure, or the oceupation of the line, will also prevent a signal
from being pulled off for the front portion of a divided train to
proceed past it. In this case the green hand signal preseribed
in rule 182 gives permission to do so under the observance of the
precautions there laid down and with the understanding that the
line ahead may be obstructed. (The same result can be pro-
duced by the failure of certain forms of block apparatus in which
the block instruments are interlocked with the signal levers.)

14
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C'HAPTER 19
EXAMINATION ON BOILER

1. Name the principal parts comprising the shell of a locomotive
boiler.

The inner firebox, which includes the copper tubeplate ; the

barrel ; the front tubeplate ; the firebox outer shell ; and the
i’l'ulll])h'lh-.

2. Indicate one or two points affecting the design of a locomotive
boiler.
The boiler must be compact, to suit the width of the road and
height of bridges, and of sufficient strength to withstand the heavy
firing necessary for the rapid production of steam.

3. Describe the means employed to secure rapid steam production.

By using a large amount of heating surface for evaporative
purposes ; by subsequently drying the steam and inereasing its
temperature and volume in the superheating apparatus ;: and by
the production of a sufficiently strong draught for the rapid
combustion of fuel.

4. State how the large amount of heating surface is obtained, and
give approvimately the area of such surfaces in a large modern
,f"‘”]llf‘f;f'f' 'Jf.lf‘"f'l’.

The hot gases from the fire are passed through a large number
of tubes, which are entirely surrounded by water, and these, with
the top, sides, and copper tubeplate comprising the inner firebox,
constitute the evaporative heating surface. The steam is then
further heated by bheing passed along tubes inserted in the smoke
tubes which are specially enlarged to accommodate them. The
size and number of tubes employed in a large modern boiler often
give a heating surface of over 1,885 sq. ft., and this, added to the
areas of the inner firebox, and the superheater surface, will in
many cases give a combined heating surface of over 2,300 sq. ft,

5. Which parts of the heating surfaces are the most efficient, and
which least, .ff.u' f'l‘rqun'rlf."l‘a' purposes 7

The top of the inner firebox is the most efficient part of the
heating surfaces, as it is horizontal and in direct contact with the
fire.  The sides of the inner fircbox are slightly sloped towards
the top to assist circulation, and these with the copper tubeplate,
l’.\' their pl'uxilnit_\' to the fire, come next in order of l"].l('.it'llt'l\',
The evaporative power of the tubes is greatest near the copper
tubeplate, and the efficiency gradually decreases with the falling
temperature of the gases as the smokebox end of the tubes is
approached.

419
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6. How is the strong draught necessary for the rapid combustion
of the fuel obtained ?

By discharging the exhaust steam from the eylinders through
an exhaust pipe which is slightly contracted at its delivery
end. This pipe is known as the blast-pipe, and is fixed inside the
smokebox under and central with the chimney. The exhaust
steam leaves the cylinders at a pressure considerably higher
than that of the atmosphere, which, together with the contracted
area of the blast-pipe, gives the steam a high velocity of discharge.
The steam, expanding as it rises through the chimney, expels the
waste products of combustion, and induces a partial vacuum
by its velocity and the displacement of the smokebox contents.
In this manner the atmosphere is induced to enter the firehox
at the dampers and firehole door, as it rushes forward to fill up
the vacuum ereated in the smokebox by the exhaust discharges,
and thus produces the strong draught necessary for rapid
combustion.

7. How and to what extent may the blast be varied ?

By reducing the size of the blast-pipe outlet the velocity of

the escaping steam is increased, with a resultant sharper blast
upon the fire. This reduction in the blast-pipe area should
be done judiciously, as it increases the back pressure on the
pistons by retarding the free escape of steam from the eylinders
when exhaust takes place. Another method is to brick up a
portion of the smokebox to its volume. The blast will then have
a more direet effect upon the fire. This gives a keener blast, but
if overdone will continually lift the fire, and a wasteful and
dangerous quantity of sparks will be discharged through the
chimney. The force of the blast can also be varied or equalised

over the surface of the fire by raising or lowering the height of

the blast-pipe orifice.

8. Where would you look for the causes of an inefficient draught
before proceeding to alter the size of the blast-pipe orifice or
brick up the smokebox ?

Examine the smokebox door for air leaks. Test the blast-
pipe or petticoat pipe for alignment with the chimney. lExamine
all steam pipes and joints in the smokebox for escape of steam
due to faulty joints or pipes.

9. What are the chief contents of the smokebox ?

The main steam pipe; the blast-pipe ; the blower; the
vacuum ejector or air-pump exhaust pipe ; and the superheater
header and spark arresters when fitted.

10. What are the principal parts contained within the boiler barrel ?

The fire tubes, and, where superheating apparatus is employed,
the flue tubes. These together may be from 200 to 250 in number,
according to the size of the boiler.

11. Why is the dome fitted on the top of the barrel ?

For the prevention of priming by giving an increased steam
space above the water level in the boiler. The dome acts as a
receiver for the collection of dry steam.
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12. What is meant by priming, and how can it be detected ?

Priming occurs when water is earried with the steam from the
boiler to the eylinders. 1t is usually detected by a discharge of
water in the form of spray with the exhaust from the chimney,
or by the changed sound of the exhaust and by the disturbed
appearance of the water in the gauge glasses.

13. Glive one or two causes of priming, the danger arising therefrom,
and its effect on the coal and water consumption.

Priming may be caused by having too much water in the
boiler, or by the unsuitability of the feed water. The eylinders
may be damaged or the cylinder ends broken by the violent shock
which oceurs when the piston head strikes the incompressible
water at the end of the stroke, and the sudden strains thus set
up may result in sheared cotters or broken rod-ends. When
priming takes place a certain amount of water is lost, and coal
is consumed wastefully in heating up the discharged water
from which no value in the form of energy has been obtained.

14. What means should be taken to check priming when it occurs ?

When priming is taking place the water is either in a violent
state of ebullition, or lifting with the steam. The firebox tem-
perature should therefore be lowered by checking the draught
with the dampers. The eylinder drain cocks should be fully
opened, and the quantity of steam leaving the boiler should
be reduced by elosing the regulator as much as possible.

15. What connections are fived inside the dome ?

The regulator, and pipes for steam to the injectors, feed
pump, steam sanding cock, jet cock, and vacuum ejector or other
brake valve.

16. Name the principal fittings usually fived on the frontplate of
a modern locomotive.

The regulator handle, water-gauge fittings, injectors, jet cock,
steam sanding cock, warming cock, and brake fittings.

17. How is the regulator handle made to control the admission
of steam to the main steam pipe ?

The handle is secured to a long rod or shaft, which passes
through a gland in the frontplate and is connected at its other
end inside the boiler to the regulator in the dome, thus controlling
or regulating the admission of steam to the main steam pipe. '

18. What is the use of the water-gauge glasses and how are they
connected, and what determines the height at which they are
Jived ?

To show the height of the water in the boiler. They consist
of a glass tube connected by suitable fittings to the steam space
in the boiler at the top end and to the water space at the bottom.
The gauge should be fixed so that the bottom of the glass tube is
a little above the erown of the inner firebox.
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19. What conditions are liable to ecause the water gauge to give a
Jalse indication of the water level in the boiler ?

Dirt or scale choking up the passages leading to the glass
tube, or violent ebullition, as when priming.

20. How would you test the water gauge in order to ascertain
whether the level shown was correct or not ?

By shutting off both ends leading to the boiler and opening
the drain cock. After the glass is emptied, and the drain cock
has been closed and the steam and water cocks reopened, the water
should resume its normal level in the glass. If any doubt still
exists, the drain cock should be opened and the steam and water
cocks blown through separately.

21. What would you expect to occur if the water-gauge readings

were improperly verified and the boiler ran short of water ?

The fusible plug would be melted, or the inner firebox erown
become overheated and eventually collapse. When this oceurs
it is often accompanied by a disastrous explosion.

22. In the event of the boiler becoming short of water, what steps
would you take to reduce the firchox temperature ?

Close the dampers tightly and smother the fire by ecover-
ing it with a good thickness of ballast or earth. A bucket or
other obstruction placed upon the top of the chimney will further
reduce the draught.

23. If front and back dampers are fitted, which damper is it pre-
Jerable to use providing one is sufficient for raising the steam
required ?

The back damper, so that the cold air will be admitted to
the firebox at the point farthest from the tubeplate,

24. Name the principal parts contained in a modern injector and
its attachments.

The steam cock ; the steam cone or nozzle ; the water cock ;
the combining cone or nozzle ; the delivery cone or nozzle ; the
clack box and delivery valve ; the overflow valve : and SCrew-
down valve for shutting off the injector from the boiler.

25. Describe briefly the action whereby an injector is enabled to
deliver water against the boiler pressure.

The action of the injector is due to the high velocity with
which a jet of steam from the steam nozzle strikes the water
entering the combining nozzle, thus imparting its momentum
to the water and forming with it during condensation a continuous
jet, which has sufficient velocity to overcome the boiler pressure.

26. Give a few faults which might eause an injector to deteriorate
or fail entirely in its action.

Leaky suction pipes: suction pipes throttled with dirt ;

imperfect condensation due to hot feed ; or a heated injector due

to a faulty steam valve ; boiler scale or other obstruction in the
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nozzles ; throttled steam supply or wet steam caused by priming ;
obstruction in the delivery pipe : faulty clack valve, ete.

27. What is an exhaust injector ?

An exhaust injector is a boiler feeding apparatus in which
the waste steam from the blast-pipe is used to heat the feed
water and force it into the boiler at a high temperature,

28. What does the complete apparatus consist of ?

The grease separator. isolating valve, exhaust portion and
supplementary portion.

20. What is the use of the grease separator ?

To remove all particles of grease and condensed water from
the exhaust steam.

30. What is the use of the isolating valve ?

To admit and shut off the supply of exhaust steam to the
injector. This valve should always be shut when the injector
is not working with exhaust steam.

31. For what purpose is the live-steam pipe attached to the isolating
valve ?

For working the injector when the regulator is shut.

32. What are the uses of the exhaust and supplementary portions ?

The exhaust portion receives its feed water from the tender,
and by the use of the exhaust steam delivers it into the supplemen-
tary };ort‘ion under a pressure of about 70 Ib. and at a temperature
of 1607 to 190° F. The supplementary portion receives its feed
from the exhaust portion and by means of a jet of live steam forces
it into the boiler at a temperature of 2807 F.

33. What is the use of the inducer nozzle ?

This is a small steam nozzle fixed inside and concentrie with
the exhaust nozzle. Its object is to induce a greater flow of
exhaust steam into the injector.

34. What is the use of the water regulator ?

This is an eccentric spindle which moves the exhaust nozzle
backwards and forwards to regulate the supply of water to the
injeetor.,

35. What is the use of the flap or split nozzle ?

To enable the injector to start and restart automatically.
Until the jet is continuous within the nozzle, 'ﬂ](‘ flap remains
open and allows the nozzle to clear itself.  When the injector
starts the working the flap closes, and forms a solid nozzle.

36. What is the exhaust overflow valve ?

A small hanging valve fixed in the overflow casing to keep
all the air out of the injector, which would otherwise spoil the
vacuum,
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1. If anything should interrupt the jet, how does the injector
restart ?

The pressure in the delivery falls, so that the weight under
the piston is reduced and the overflow valve opens. The flap
also opens and the steam and water pass into the overflow until
the jet is again continuous or established. The flap then closes,
and pressure is obtained again in the delivery. The piston is
forced up and closes the overflow valve, so that the feed passes
into the boiler.

38. How much exhaust steam does a No. 9 injector use per hour ?

I't uses or returns more than half a ton of steam to the boiler
every hour.

39. What would be the result of a faulty steam sanding cock ?

The moisture leaking past the cock would damp or cake the
sand in the trap, and cause imperfect or intermittent sanding,
which would ultimately choke up the sanding pipes.

40. What is meant by atmospheric pressure ?

Atmospheric pressure is the pressure of the air surrounding
the earth. It averages 14-7 or roughly 15 lb. per sq. in. at sea
level.

41. Is this atmospheric pressure denoted on a boiler-pressure
gauge ?

No. The pressure recorded by a boiler-pressure gauge is
known as the effective steam pressure, and is always the pressure
available above the atmospheric pressure.  Steam pressure and
the atmospherie pressure combined are known as the absolute
pressure.

42, What is steam, and at what temperature is it generated under
atmospheric pressure ?
Steam is the vapour of water, and is generated by heat when
the temperature of 212° F., or boiling point, has been attained
under atmospheric pressure conditions.

43. Does the boiling point or temperature of ebullition remain
constant at all pressures ?
No. The temperature of the boiling point and the temperature
of the steam inerease with the pressure,

44, Is there any fizved ratio between the temperature of steam in
contact with water and the pressure ?

Yes ; so long as the steam is enclosed in a boiler a given tem-
perature always corresponds to a certain pressure—thus the
boiling point at atmospheric pressure is 212° F., at 100 1Ih.
pressure 327° F., and at 200 1b. pressure 381° F,

45. Describe briefly the construction and action of a Ramsbottom
safety valve.

The Ramsbottom safety valve consists of two circular valves

held in position by a lever connected to a spiral spring, which is
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adjusted to exert a pressure on the valves equal to the working
pressure in the boiler. When the boiler pressure exceeds that
of the springs the valves are forced upward and the steam is
allowed to escape until the excess of pressure in the boiler
is relieved. One end of the lever which controls the valves is
extended into the cab, so that the driver, by setting the valves
in motion, can see for himself that they are free and in proper
working condition.

46. The flat surface of the frontplate would be distorted by the
internal pressure if il were not switably stayed. Deseribe
the method of staying usually adopted.

The frontplate is secured to the inner fircbox by the founda-
tion ring, and by the firebox stays and the mouthpiece ring at the
lower part. In addition to the firebox stays above the mouthpieee
ring, the upper part is also stayed by longitudinal stay bolts
which pass directly over the top of the inner firebox to the front
or iron tubeplate.

47. How are the inner and outer fircbox shells secured together ?

By the foundation ring, which defines the width of the inter-
vening water space at the bottom, and by riveted stays threaded
through both shells at the top and sides.

48. Why is the inner firebox made almost invariably from copper
in this country, and what does it contain ?

Copper is very ductile, and consequently most suitable for
withstanding any unequal expansion that may take place
between the inner and outer firebox shells or upon the tubeplate.
It is also a good conductor of heat and almost non-corrosive.
The firegrate and brick arch are contained in the inner firebox.

49. What advantages are claimed for the Belpaire type of firebox ?

The flat top and sides give a larger heating surface, and direct
stays for supporting the crown of the inner firebox, arranged so
as to allow for the variable expansion between the inner and outer
shells, can be used.  With direct stays the eirculation is not
retarded and the crown of the inner firebox ean easily be washed
and cleaned.

50. How are the flat sides of the Belpaive type of firebox outer shell
stayed above the level of the inner firebox crown ?
By stay bolts fitted through threaded holes in the outer shell
which pass transversely from side to side above the crown of
the inner firchox.

141\
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('HAPTER 20
EXAMINATION ON ENGINE

I. Name the principal parts comprising the engine of a modern
locomaotive.

The eylinders; piston heads ; piston rods; crossheads ;
glide bars:; connecting rods; crank axle; eccentric sheaves,
straps, and rods; wvalve gears, including rocking motion when
fitted ;: valve spindles and buckles ; and slide valves.

2. Describe a cylinder and its functions.

A eylinder is an iron casting with the necessary steamechest
and portways to suit the partieular design of engine. It is bored
to receive the piston head, and the steamchest is machined to
suit the type of valve to be used. The funetions of a eylinder
are to receive the steam from the boiler and confine it during
the time that its energy is being exerted against the piston
head.

3. Describe a piston head and the means employed to make it
steamtight.

The piston head is usually an iron or a steel casting turned
to an easy fit in the bore of the eylinder, and secured by a nut
on the tapered end of the piston rod. To make it steamtight,
two or more rings, usually made of cast iron, are employed,
which are turned a little larger in diameter than the eylinder.
These rings, after being fitted into grooves turned in the piston
head, are cut so that they can be sprung into the eylinder. The
pressure of the rings against the eylinder walls as they endeavour
to regain their original diameter is sufficient to prevent the passage
of the steam past the piston head.

4. How is a piston rod maintained steamtight in passing through
!’l" l'!f’n"”flf'l" I‘Hfl' ?

By means of a gland and stuffing-box, which is filled with
fibrous packing tightened up by gland nuts, or by special metallic
gland packings held tight to the rod by gland nuts or suitable
steel Hprings.

5. How is a erosshead connected to the piston rod ?

By a tapered cotter which, when driven home, draws the
crosshead securely on to the rod end. The socket and rod are
coned carefully to obtain the best possible fit. Nuts are some-
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times used instead of a cotter, and the rod is serewed and tapered
as described for piston head.

G. Why are slide bars necessary ?

If unrestrained by slide bars, the angular thrust and pull
of the connecting rods, due to the sweep of the cranks, would
bend the piston rods. It is also necessary for the piston rods
to be maintained in perfeet alignment with the centres of the
eylinders, otherwise the gland packings would soon be destroyed.

7. When running in forward gear, which slide bars would be most
liable to get hot, assuming the engine to have top and bottom
bars ?

The top bars, because the force exerted by the connecting
rods in moving the engine forward tends to push or pull the
crossheads in an upward direction.

8. What is the duty of a connecting rod, and what parts of the engine
does it connect ?

The connecting rod assists in converting the reciprocating
movements of the piston into the rotary motion of the erank
axle. It is connected at the little end to the crosshead by a strong
gudgeon pin and to the crank axle or crank-pin at the big end.

9. Describe briefly one or two types of connecting-rod ends.

The little ends are often fitted with a strap which retains
a pair of half brasses, and have gibs and cotters to take up wear.
Solid little ends are also fairly common in which solid renewable
bushes may be fitted or half brasses adjusted by a serew and
wedge block.  Solid big ends are used frequently for outside
eylinders with screw and wedge block, or cotters and bolts for
adjusting the brasses. Big ends for inside eylinders may be of
the strapped or the open-jaw type, with the brasses adjusted
by cotters, which can be locked securely in position. The big
end brasses are lined with anti-friction metal and bedded carefully
to their respective journals.

10. Explain the difference between the crank axle for an inside
cylinder engine and the driving axle for an outside cylinder
engine.

The eranks for inside eylinders are placed between the frames
and form part of the driving axle ; hence the term erank axle.
For outside eylinders the crank-pins are fitted into the centres
of the driving wheels, so that the driving axle is made from a
plain, straight forging.

11. What is the duty of the eccentrics, and how are the sheaves
attached to the crank or driving axles ?

The eccentries convert the rotary movement of the axle
into a reciprocating motion for working the valves, which admit
steam to each end of the cylinders alternately. The sheaves
are made in halves and held together by cotter bolts. They are
attached to the axle by means of sunk keys and set serews.
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12. Why are two eceentries provided for each set of valve motions ?

One cccentric in each pair runs the engine in the forward
direetion. and the other in the reverse direction. These are known
as forward and back gear eccentrics respectively.

13. What is meant by the angular advance of an eccentric, and
what determines the amount of this advance ?

The angular advance of an eccentric is the number of _(logl‘t‘f»s
in excess of 90 by which the centre line of the eccentric is in
advance of the centre line of the erank. The amount of lap.
plus the lead required, determines the amount of advance,

14. Deseribe an eccentric strap and its purpose.

The eceentric sheaves are embraced by a belt or strap in
the form of a casting or forging, which is made ix} halves and
held together by bolts. The sheaves revolve with the axle
inside the strap, and transmit the eccentric movement of the
sheaves to the eccentric rod attached to the strap. A large
amount of friction is generated between the rubbing surfaces,
€0 that it is usual to line the strap with an anti-friction metal.
Suitable lubricating arrangements are also formed on the straps.

15. Describe the eccentric rods.

The eccentric rods are made from the best hammered iron
or steel, forged with suitable ends for attachment to the eccentric
straps, and quadrant or expansion links, to communicate the
movement of the straps to the link motions. The forward gear
rods are usually connected to the top of the links, and the back
gear rods to the bottom.

16. Give a brief description of the Stephenson link maotion.

The Stephenson link motion is an arrangement of valve
gear whereby the travel of the valve may be altered to suit the
load or gradient, and provides the means for running the engine
in a forward or backward direction. It consists of a radial
slotted link to whieh are attached the fore and back gear eccentric
rods. The end of the valve spindle is also connected to a sliding
block fitted into the radial slot. By raising or lowering the link
the position of the block relative to the eccentric rods is altered,
so that the motion of the valve may be controlled by l"lt-h‘("l' the
forward or back gear eccentrics, and the engine moved in the
required direction.

17. Deseribe a common form of valve gear in which eccentrics are
dispensed with, and explain how the necessary movement
Jor the slide valve is obtained.

In Joy's valve gear, motion for the slide valves is obtained
from the conneeting rods, and eccentries are unnecessary. Links
and levers transmit the movements of the connecting rods to
slipper blocks working in radial guides fitted into a reversing
shaft. The valve spindles are connected by rods to the swing
links in such a manner that the valve travel can be varied or the
engine reversed by partly turning ﬂ_w reversing shaft and thus
altering the position of the curved guides,



430 LOCOMOTIVE MANAGEMENT

18. What is the advantage obtained in varying the valve travel with
a link motion or radial valve gear ?

By lengthening or shortening the valve travel, the point of
cut-off can be adjusted to suit the working load in such a manner
that cconomical results are obtained by working the steam
expansively.

19. Valve spindles may be connected directly to the link motion
or to a rocker with arms above and below, according to the
design of the steamchest. How does the intervention of a
rocker affect the position of the eccentrics relative to the
cranks ?

The rocker will reverse the direction of the travel obtained
from the eceentrics, and the cecentrics will be a half-turn different
upon the axle from the position for direct-driven valve spindles.

20. Describe a valve spindle and the method of attachment for con-
trolling the movements of the slide valve.

Valve spindles are made from the best hammered iron or
forged steel formed with a buckle or strap for embracing the
back of the slide valve. The buckle is made a sliding fit upon
the back of the valve, which allows it to follow up the wear
upon the valve face. The spindles are maintained steamtight
by glands and stuffing-boxes, as described for the piston rods.

21. Describe briefly the construction and duties of an ordinary
locomotive slide valve,

The ordinary locomotive slide valve is usually made in the
form of a hollow phosphor-bronze ecasting, which is machined
and bedded to prevent the leakage of steam across the valve
face. 1t is designed to admit steam to each end of the eylinder
alternately when moved over the port faces, to cut off the steam
supply as required, and to allow the free release of steam from
the cylinder when exhaust takes place.

22. What is meant by the lead of the valve, and what is its effect
on the running of the engine ?

The lead is the amount by which the port is open to steam
at the commencement of the stroke. TIts object is to allow the
steam to enter the cylinder a little before the end of the preceding
stroke, and part of the cushion for reducing the strain upon the
crank pins and rods, etc., at the reversal of the stroke.

23. What is the outside lap of the valve, and how does it affect the
admission of steam to the cylinder ?

The outside lap is the amount by which the steaming edges
of the valve overlap the steam ports when in the middle position.
Added lap increases the length of the valve, and shortens the
period of admission by the valve returning and eutting off the
steam supply to the cylinder at an earlier part of the stroke,
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24. Can the point of cut-off be varied without altering the lap of
the valve ?
Link motions or radial valve gears enable the point of cut-off
to be varied by altering the travel of the valve.

25. How does the link motion alter the valve travel ?

The maximum amount of travel is obtained with the link
directly controlled by the forward or back gear nc".c(-nt.rica. in
its bottom or top positions. The travel can be varied between
these two extremes by moving the link, and the minimum travel
is obtained in mid-gear.

26, How is the point of cut-off or the period of admission affected
by altering the travel of the valve ?

The period of admission is lengthened by the later cut-off
obtained when the valve travel is inereased. By deereasing the
travel by notching up, the valve is returned earlier to the point
of cut-off, and the period of admission is shortened.

27. What is meant by working the steam expansively ?

Expansive working is obtained by admitting high-pressure
steam to the eylinder and cutting off at an early part of the stroke,
so that a certain amount of work is performed by expanding the
steam to a lower pressure before exhaust takes place.

28, Explain briefly how the advantages derived from using steam
expansively are obtained.

Steam is saved by abstracting a certain amount of energy
after admission to the cylinder has been cut off. By expanding
the steam in this manner, exhaust takes place at a much lower
pressure than would be the case if steam were admitted during
the whole or nearly the whole of the stroke. For example, it may
be said that pressure in steam will always represent a certain
amount of energy, so that if steam is exhausted at, say, 80 1h.
instead of 10 lb. pressure, an amount of energy is wasted.
Exhausting at low pressure is an advantage because it n‘du?{‘s the
shocks and strains due to the reversal of movement in the
reciprocating parts at the end of the stroke.

29. What is meant by inside lead, and how does it affect expansion
or release ?

Inside lead is the distance by which the edges of the exhaust
cavity in the valve are open to the steam ports when in I-_lu'
middle position. With inside lead the exhaust begins earlier
and continues longer, and the amount of compression and period
of expansion.

30. Describe inside lap and its ¢ffect.

Inside lap is the opposite to inside lead, and is the amount
by which the inside edges of the exhaust cavity cover the exhaust
port bars, thus overlapping the steam ports when in the middle
position. With inside lap exhaust commences later and ceases
earlier, so that a longer period of expansion and a greater amount
of compression are obtained.
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31. What is meant by compression or eushioning : how is it con-
trolled, and what is its purpose ?

Compression is obtained by closing the exhaust before the
end of the stroke. The remaining steam is confined in the eylin-
der and compressed by the returning piston. It is controlled
by the amount of exhaust lap or cover, and is affected directly
by both the inside and the outside lead of the valve. Tts purpose
is to form a cushion for arresting the momentum of the piston and

rods before the reversal of the movement which takes place at the
commencement of every stroke.

32. What is the principal objection advanced against the use of
the ordinary D slide valve ?

That considerable valve face friction is generated by the
steam pressure on the back of the valve. A large amount of
power from the engine is therefore absorbed in moving the valve

with a corresponding heavy load on the link motion and eccentric
straps.

33. Mention one or two types of valves which are designed to
eliminate valve face friction.

Balanced slide valves and piston slide valves.

34. Describe briefly a balanced slide valve.

A type of balanced valve often used when steam chests are
placed above or below the eylinders is machined upon the back
to receive four east-iron strips, which are fitted to enclose the
large area immediately behind the exhaust cavity. The cast-
iron strips are held against a machined backplate fixed upon
the inner side of the steamchest cover. A hole is drilled through
the back of the valve, so that any steam leaking past the strips
is discharged into the exhaust cavity of the valve.

35. Describe a piston slide valve,

A piston slide valve usually consists of two small pistons, fitted
to the valve spindle in such a manner that they ean be made to
uncover the steam ports for each end of the cylinder alternately,
as with the ordinary slide valve. The valve chest is eylindrical
and the pistons are made steamtight by annular rings, the edges
of which control the admission or release to and from the eylinder.

36. Give one or two advantages and disadvantages attending the
use of piston slide valves.

The valve face friction is reduced considerably by the steam
pressure in the valve chest being exerted on opposite sides of the
piston, so that the valve is almost in equilibrium. The steam
admission can be controlled by the inner edges of the pistons,
and the gland packings are subjected to exhaust pressure only.
The port area required can be obtained with a shorter travel than
with the ordinary slide valve. The principal disadvantages are
increased cost of upkeep, as compared with the ordinary slide valve,
and the necessity for maintaining the piston rings steamtight,
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37. Erplain the difference between a simple expansion and a
compound expansion locomotive engine.

A simple expansion locomotive is one in which the steam is
exhausted from the cylinders directly into the atmosphere at or
near the end of each stroke. A compound expansion locomotive
i& one in which the exhaust steam from one or more h.p. eylinders
is passed into one or more larger diameter Lp. cylinders before
it is exhausted into the atmosphere.

38. (five some of the advantages derived from the use of compound
expansion engines.

A certain amount of energy, which would otherwise be lost, is
obtained from the fuller expansion of the steam and from the
lower pressure at which the final exhaust takes place. A greater
amount of power is thereby obtained and high boiler pressures
may be adopted without excessive mechanical stresses at the
beginning of each stroke.

39, What conditions seriously impair the suitability of compound
engines for all classes of railway work ?

The constantly varying conditions of steam pressure, load,
and speed.
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CaAarPTER 21
EXAMINATION ON BRAKES
VACUUM BRAKES

I. What is meant by vacuum ?
A vacuum is a void, or, in other words, a space from which
atmospherie pressure has been removed.

2. What is the greatest amount of vacuwm obtainable ?

The removal of the whole of the atmospherie pressure would
be a perfect vacuum, so that 147 or roughly 15 Ib., is the greatest
amount Ilu'nl'l'til'n.“_\' obtainable.

3. When the gauge indicales a vacuum of, say, 20 in., what does
it denote ?

The pressure of the atmosphere is indicated by a scale showing
g0 many inches of mercury when measured with a barometer.
Two inches of the barometer scale are roughly equal to 1 1b.
pressure, so that when 20 in. of vacuum is indicated by the
gauge, 10 1b. of atmospherie pressure will have been removed
from the parts connected thereto.

4. Why are we insensible to the atmospheric pressure, and how is
this pressure made available _,f'm‘ H'm‘fr;ng the vacuuwm brake ?

Insensibility to atmospheric pressure is due to the balance
or equilibrium obtained by the pressure existing on all sides.
If, however, this equilibrium can be disturbed by withdrawing
the atmosphere from one side of a body, the pressure of the
atmosphere exerted against the other side is so much available
energy. In the vacuum brake this energy is transmitted to the
brake blocks by a piston, which is exposed to a vacuum on one
side and atmospheric pressure on the other.

5. How is the vacuum necessary for the working of the brake
created ?

By an ejector which is fixed on the locomotive so as to be
under the control of the driver,

6. Describe fu'.v'l:ﬂ‘l,l the Iff'l‘)lt‘f})!r and construction (_:f the r'jf'(‘h)r_

The principle of the ejector is much the same as that of the
injector ; steam is admitted through properly designed nozzles
and discharged at great velocity into a coned barrel. Two ejector
cones or nozzles are constructed together in one fitting, the small
one placed inside the large one. The action of both is the same

steam is admitted around the cones in such a manner that
the speed is sufficient to withdraw the air from the train pipe,
435
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eylinders, and air chambers. The small ejector steam valve is
worked continuously and is regulated by the driver to maintain
the required vacuum. The large ejector steam dise valve is used
in conjunction with the small ejector steam valve when required
to release the brakes quickly.

7. How many brake cylinders are wsed on engine, tender, and
passenger train, and how are the pistons contained therein
controlled by the ejector ?

Separate brake cylinders are fitted to the engine, tender, and
cach vehicle comprising the train. They are connected by a
continuous pipe, which has branches to suit each of the eylinders,
and is coupled between each vehicle by flexible hose connections.
This pipe is known as the train pipe, and as it is connected to
the ejector it enables the driver to control the exhaustion or
admission of air to the eylinders on each vehicle.

8. Describe as briefly as possible the construetion of a brake eylinder
and the manner in which the piston is made to transmit the
pressure of the atmosphere to the brake rods.

The brake eylinder is contained in an airtight chamber. The
piston is an easy fit in the bore of the cylinder and is packed with
a round rubber ring which rolls between the piston body and
cylinder wall, thus forming an airtight frictionless packing. A
ball valve is fitted to the bottom of the eylinder and forms the
only communiecation between the top and bottom sides of the
piston. When a vacuum is created by the ejector, air is drawn
from below the piston directly into the train pipe, and from
above the piston by way of the ball valve, thus placing the piston
in equilibrium so that it falls by gravity to the lowest position
and releases the brake blocks from the wheels. Tmmediately
air is admitted to the train pipe the pressure of the atmosphere
not only is exerted against the underside of the piston, but is
also instrumental in forcing the ball upon its seat, thus elosing
the communication and retaining the vacuum in the upper part
of the eylinder. In this manner the piston is lifted and the
brakes applied with a foree proportional to the amount of air
admitted.

9. How is the automatic action of the brake obtained ?

As previously pointed out, the brake is applied by the admis-
sion of air to the train pipe, so that whether purposely admitted
by the driver or guard, or by the accidental parting of the train,
the action of the air on the pistons in the brake eylinders is the
same, and the brakes are automatically applied.

10. Explain the difference between the normal application of the
brake for a station stop and the rapid application for an
emergency stop.

The train is brought to rest for a station stop by the driver
admitting a moderate amount of air to the train pipe, and
destroying not more than 10 in. of vacuum. When an emergency
applieation of the brake is made the vacuum below the pistons
is destroyed completely by a large admission of air, and the

EXAMINATION ON BRAKES 437

rapidity of application in some cases is increased further by the
adoption of patent rapid acting valves which are fitted to cach
brake eylinder connection.  These valves open automatically
with the sudden destruction of the vacuum and air is admitted
simultancously on every vehicle, thereby instantly applying the
brakes with full foree.

11. What means are used to prevent the leakage of moisture from
the ejector into the train pipe ?

A drip pipe is fitted in front of the ejector, and this should
be kept clear and free from dirt. A drip trap is fitted at the lowest
part of the train pipe for draining and retaining any moisture
that may accumulate. The trap is fitted with a self-acting ball
valve, which allows the water to drain when the vacuum has
been  destroyed.  The valve and trap should be examined
oceasionally and cleaned. A plug is provided on the vacuum
reservoir, which should be removed oceasionally for draining the
accumulated water.

12. How should the brake blocks on engine and tender be adjusted
to obtain the best results ?

The brake blocks should be adjusted so that the piston in
the brake eylinders will not travel more than half the full stroke,
thus obtaining a quick application of the brake blocks with a
minimum quantity of air.

13. What is the use of the small auxiliary pipe which connects
the ejector to the vacuum chambers on engine and tender ?

The auxiliary in pipe is communication with the small ejector
when the driver’s handle is in * full-on 7 position, thereby
constantly maintaining the vacuum above the engine and tender
pistons.

14, FEaeplain the method of procedure for testing the brake when
leaving the shed.

See that the hose is properly on the plug, walk under the
engine and tender to oil and examine brake gear, drip valve,
and all connections ;  then mount the footplate and pull the
ejector handle into the * full-on ™ position before opening the
small ejector steam valve for testing the vacuum chamber above
the brake eylinder pistons.

LE]

15. Why pull the ejector handle into ** full-on ™ position before

opening the small ejector steam valve ?

Because in this position the small ejector will exhaust the
air up the auxiliary pipe above the brake eylinder pistons and
air will be admitted through the dise handle into the train pipe
helow. By watching the vacuum gauge finger any leakage of
air from the train pipe past the piston packing ring or ball valve
will be apparent at once. A certain amount of water is always
discharged from the ejector exhaust pipes in sufficient quantities
to dirty the boiler top when steam is first admitted. With the
ejector handle in ** full-on ™ position it will, however, be found
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that this water is deposited mostly in the smokebox, and not
up the chimney, as when steam is first admitted with the handle
in ** running position.”

16. Having found the vacuwm above the pistons satisfactory, what
other test can be applied, and what amount of vacuum should
be indicated by both gauge fingers before leaving the shed ?

Place the ejector dise handle in the running position,” thus
releasing the brake and testing by the amount of vacuum obtained
in the train pipe and connections. The vacuum chamber and
train pipe gauge fingers should now indicate 20 in. of vacuum
if the brake is in proper order, and a start should not be made
with less than 18 in. vacuum.

V7. If the cjector were sluggish in its action and all joints were
Sound good, what would be the probable cause or causes ?

The sluggish action of the ejector would point to dirt or other
obstruction in the nozzles. The exhaust pipe becoming ehoked
with dirt at the smokebox end also would retard the action of
the ejector.

I18. Give some convenient method for removing obstruction Srom
the nozzles.

Remove and clean large and small ejector nozzles.  Before
replacing nozzles, serew on the cap and place cjector handle
in * full-on ™ position, thus clearing the steam passages with
the rush of steam.

19. What is one of the most frequent causes of dirt, and so on, in
the ejector nozzles ?

Leaving the steam supply valve open when in the shed, so
that dirt is carried down the pipe when washing the boiler out.

20. If the brake eylinder pistons on the engine stick with the brakes
on, what steps should be taken for releasing them ?

Admit air on the chamber side of the piston by opening release
valve on the chamber side of the piston, or by disconnecting the
auxiliary hose connection between engine and tender, and foreing
the hall contained therein from its seat. Then place the ejector
handle in the * off ™ position, and the vacuum ereated in the
train pipe with the atmospheric pressure above in most cases
will be sufficient to release the piston. If unable to get the piston
down in this way, knock out the pin connecting the piston rod
on the brake gear, or slack the blocks from the wheels by means
of the adjusting screws.

21. What should be done if, after coupling up to a train, it is found
impossible to create a vacuwm ?

First examine disc for obstruction between dise and large
cjector face. If dise is airtight, uncouple from train to test
engine and tender. If nothing is wrong with the latter, examine
vehicles for faulty connections or hose not properly on plug.
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22. If in coupling up the train some obstruction, such as a picce
of waste, inadvertently should be drawn into the train pipe,
what would be the probable effect ?

The presence of the obstruction in the train pipe would be
indicated by a fluttering or jerky movement of the vacuum
gauge fingers, and probably by the brakes refusing to act behind
the point of obstruction when an application is made.,

23. How would you remove obstruction from train pipe on engine
or tender ?

Create the greatest possible vacuum by opening the large
ejector and then suddenly remove hose from plug, allowing a
violent rush of air to enter the pipe, which would tend to carry
the obstruction toward the union connection below the ejector.
The union nut then eould be uncoupled for the removal of the
obstruetion, which, however, may not appear until the operation
has been repeated several times.

24. What should be done if a brake piston on any wvehicle gives
trouble by sticking or leaking ?
Isolate the eylinder by inserting a piece of stout paper or tin
between the ball valve case and eylinder bottom.

25. What should be done if the steam supply pipe to cjector on
top of the fircbox breaks ?

Close steam supply valve on firebox top ; open release valves
by drawing triggers on coaches ; instruect the guard to look after
his handbrake, and work the train forward to nearest depot,
thus causing as little delay as possible.

26. If drip valve is lost, how may it be noted and how remedied ?

When attempting to create a vacuum a hissing sound would
be heard below the footplate. Remedy, plug with piece of wood
or cork.

27. If speed has to be reduced to 10 wm.p.h. for passing over a
Junction or dangerous curve when running down an incline,
when and how should the brakes be applied ?

The speed should be reduced sufficiently when approaching
the junection or curve for the brake blocks to be released as much
as possible from the wheels. In this manner a certain amount
of the side strain on the crank axle is relieved, and the wheels,
not being held so rigidly as when the brake blocks are hard on,
would follow the contour of the road more ecasily.

28. What precautions are necessary when entering a terminus ?
To have the train under full control when approaching, and
to use the handbrake when entering the station.
20, What is invariably the cause of the train pipe heating in the
old type of ejectors ?
Faulty clappet valve in the ejector, which should be repaired
or changed.
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30. What parts of the brake gear should be examined for faulty
vacuum as denoted by the vacuum chamber gauge pointer ?

Auxiliary pipe connections to vacuum chambers on engine
and tender for leaks. All brake eylinders for faulty or dirty
ball valves or leaky piston rings.

31. Name some faults that would tend to destroy the vacuwm in
the train pipe.

Faulty joints. Hose connections improperly on the plug.
Faulty drip trap valve. Faulty clappet valves on the rapid
acting brake valves. Faulty valves in ejector. Faults in hose
connections as by sparks from engines.  Faulty piston rod bushes.

32, How would you detect a faulty cylinder ball valve or defective
piston ring ?

First create a vacuum of, say, 20 in. on both sides of gauge.
Then shut the small ejector steam valve and pull the dise handle
to the ** on ™ position to destroy the vacuum on the train pipe
side of the piston. If the dise handle is placed in the ** running
position "' immediately the vacuum is destroyed, the chamber
finger will fall and the train pipe finger rise to an equilibrium,
thus proving that air is passing from the chamber to the train
pipe side of the piston by way of the faulty ball valve or defective
piston ring.

33. What steps should be periodically taken to ensure the proper
working of the ejector ?

The dise handle should be taken off and the air holes eleaned
out before leaving the shed. The dise face should be slightly
lubricated and the handle adjusted to work freely when replaced.
The ball and drip valves should be taken out and cleaned with
a cloth at least once a week.

34. What precautions should be taken to ensure the proper working
of the brakes before starting on a journey ?

The vacuum to be maintained throughout the journey must
be ereated by the driver after the brake pipes between the engine
and train and between each vehicle have been connected properly.
Should the driver not be able to ereate the required vacuum, after
satisfying himself that his engine is all right, he must inform
the guard and station staff at once, so that the whole of the train
may be examined. If the engine has been changed or any vehicles
attached or detached, the driver, before proceeding on his journey,
must receive from the guard satisfactory information as to the
number of vehicles comprising the train, the number, if any,
on which the brake is not in operation, and also that the proper
amount of vacuum is registered in the guard’s van,

35. What oceurs when a passenger makes use of the communication
cord or handle ?
Airis admitted to the train pipe and the vacuum in consequence
is reduced by from 7 to 10 in.
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36. What should be done if the communication is made in an
inconvenient place such as a tunnel or on an overbridge ?

The larger ejector should be opened to overcome the loss of
vacuum until the train ean be brought to a stand at some suitable
place for the passengers to leave the train if necessary.

STEAM BRAKE

1. Deseribe the action of a steam brake.

Steam at boiler pressure is admitted behind a piston contained
in a eylinder below the footplate. The piston rod is connected
to brake levers in such a manner that the pressure exerted by
the steam against the piston is transmitted to the brake blocks.

2. How is the admission and exhaustion of steam to and from the
brake cylinder controlled by the driver ?

By removing the trigger on the steam brake valve the lever
controlling the steam piston is released. thereby closing the
exhaust passages and admitting steam which, by its pressure,
enters the eylinder at a great velocity, and immediately applies
the brake. When the trigger is replaced on the lever pin the
supply of steam to the cylinder is cut off and the exhaust
passages are again opened for exhaustion, thus relieving the
pressure on the brake blocks.

3. How are the steam brakes on engine and tender combined with
the vacuum brake so as to be worked in conjunction auto-
matically ?

When worked in conjunction with the automatic vacuum
brake the steam brake valve is fitted with a vacuum or controlling
piston, which is exposed on its inner side to the vacuum in the
train pipe and to the atmospherie pressure on its outer side.
The admission or exhaustion of steam to and from the brake
eylinder is controlled automatically by the movements of this
controlling piston actuating the steam supply piston according
to the inerease or decrease of vacuum in the pipe.

4. How is the steam brake maintained in *° running position

by the action of the vacuwm in the train pipe ?

When a vacuum is ereated in the train pipe the chamber
on the inner side of the controlling piston is exhausted also, and
the atmosphere, by its pressure, forces the piston inward. This
movement is transmitted by a lever to the steam supply piston,
thus placing the brakes in ** running position by opening the
exhaust port and closing the steam supply to the brake eylinder

5. How is the steam brake applied when controlled by the automatic
vacwwm brake ?

The vacuum on the inner side of the controlling or vacuum
piston is destroyed by the admission of air to the train pipe, and
the piston placed in equilibrium.  When this takes place the
brake valve steam piston is foreed from its seat, thus closing
the exhaust port and admitting steam to the brake eylinders.



442 LOCOMOTIVE MANAGEMENT

6. How is the brake force applied by the steam brake made pro-
portional to that of the vacuum brake ?

The effective areas which are exposed to steam, vacuum.
and air on the steam and controlling pistons in the steam brake
valve are designed so that the movements of the steam piston for
admission and exhaustion of steam to and from the brake eylinders
are controlled in accordance with the amount of vacuum acting
on the inner side of the controlling piston.

7. Give a common cause of piston sticking in the steam brake
eylinder.

Negleet of lubrication, causing the walls of eylinder to be dry
and rusty.

8. Give one or more faulls which would tend to destroy the efficiency
of the steam brake.

Faulty piston rings in brake eylinders.  Faulty steam piston,
or seating on brake valve ecausing a constant blow through,
vacuum, or controlling piston dirty or sticking. Faulty inter-
mediate joint between steam brake valve and the auto-ejector.

9. What signs would denote that the steam piston and seating in
the brake valve were leaky or the intermediate steam joint
was faulty ?

The brake would be sluggish in its action, or the brake
eyvlinder piston would show signs of sticking, and a constant blow
through the exhaust would take place.

10. In addition to noting a constanl blow through the evhaust,
what other method may be adopted sometimes in testing for
leaky steam piston on brake valve or faulty intermediate
Joint ?

On most engines a three-way cock is fitted with pipes running
to brake eylinders on engine and tender, so that either of the
brakes may be worked separately in case of accident. Any blow
through will be indicated by the appearance of steam when the
lubricator on the three-way cock is opened with the brakes in
running position.

L1. Give one or more causes which might prevent the release of the
brake blocks from the wheels.

Coil springs on engine and tender not properly adjusted or
too weak to overcome weight of brake eylinder piston and brake
hangers, and so on. Brake shaft brackets and hangers in-
sufficiently lubrieated.

WESTINGHOUSE BRAKE

1. What mative power is used for working the Westinghouse brake ?

Air, which is compressed and stored in suitable reservoirs,
The pressure of air thus represents so much available cnergy
for the application of the brake.
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2. Why is air so adaptable for brake-power purposes ?

Air has very elastic qualities, and therefore may be compressed
to any required pressure, thus providing a motive forece which
may be stored and used as oceasion requires.

3. How is the air compressed ?

By means of a double-acting air pump which is connected
to and driven by a steam eylinder. The compressed air is
delivered into a main reservoir and the steam for driving the
pump is obtained from the locomotive boiler ; the supply valve
is under the control of the driver.

4. How are the brakes applied ?

The brakes on the different vehicles are connected by a main
pipe which runs the full length of the train, and any reduction
of the air pressure in this pipe, whether purposely or aceidentally
produced, will apply the brakes.

5. How is the admission or the exhaustion of air to or from the
main pipe controlled ?

By means of the driver’s brake valve, which is placed in the
cab so as to be manipulated easily by the driver. This valve
forms the connection between the main air reservoir and main
air pipe.

G. How are the brakes released ?

By recharging the main pipe to its normal working pressure
with air from the main reservoir.

7. What air pressure shouwld be maintained in the main reservoir,
and what is the normal working pressure in the main pipe ?

The air pressure in the main reservoir should be from 80 to
85 1b. when fitted with the ordinary brake apparatus, and from
90 to 95 Ib. for the quick-acting brake. The normal working
pressure in the main pipe should be about 70 1b.

8. How is the difference of pressure in the main air reservoir and
main pipe maintained ?

The pressure in the main pipe is regulated by a small feed
valve attached to the driver’s brake valve. This valve is con-
trolled by a spring adjusted to give a resistance to 25 lb., so
that when the normal pressure in the main pipe is attained the
valve closes the communication between the main pipe and
main air reservoir.  In this manner a pressure of 25 Ib. in excess
of that in the main pipe is retained in the main reservoir.

9. Why is the greater presswre in the main reservoir necessary ?

The excess of pressure in the main reservoir is available for
recharging the main pipe and thus quickly releasing the brakes
after an application.

10. How are the brakes on cach separate vehicle applied ?

The locomotive, tender, and each braked vehicle are provided
with an auxiliary air reservoir and brake eylinder. The com-
pressed air is supplied through the main pipe from the main
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reservoir on the engine to each of the auxiliary reservoirs. The
air is stored ready for use, and the brakes are applied rapidly
on each unit comprising the train when a reduction of pressure
oceurs in the main pipe.

L1. How are the brake blocks actuated by the brake eylinders ?

A brake eylinder containing a piston and spring is conneeted
to each auxiliary reservoir. The piston rod is attached to the
brake gear in such a manner that the brake blocks are pressed
against the wheels when the piston is foreed out by the admission
of compressed air to the eylinder. The brake blocks are released
from the wheels by the spring returning the piston to its normal
position when the air is again discharged.

12. Ewplain how the admission and the exhaustion of air to and
Jrom the eylinder is controlled.

The air supply to the cylinder is controlled by a valve, known
as the triple valve, which in turn is operated by the variations
of pressure in the main pipe. When the pressure in the main
pipe is reduced, the triple valve automatically admits compressed
air from the auxiliary reservoir to the brake eylinder and auto-
matically exhausts the air when the normal pressure in the main
pipe is restored.

13. How is the rapid and simultancous application of the brakes
to all the wvehicles obtained in a modern ** quick-acting
Westinghouse brake ?

The quick-acting triple valve, as now made, is designed to
accelerate the application of the brakes when an emergeney stop
is required. In ordinary applications the air is allowed to exhaust
at a comparatively low rate of speed from the main pipe. If,
however, air is discharged rapidly from the pipe, as in an
emergeney stop, the sudden reduction of pressure immediately
produces the rapid action of the brake by opening on every
vehiele a large communication from the main pipe to the brake
eylinders in addition to the usual supply of compressed air as in
ordinary applications. A considerable proportion of the air in
the main pipe therefore is used to increase the available brake
foree, and this at the same time inereases the rapidity with which
the train pipe pressure is reduced, thus ensuring simultancous
and almost instantaneous action throughout the train.

14, How is the application of the brakes by a leakage of air into
the brake eylinder prevented, and how does this affect the
operation of the brakes ?

Each brake eylinder is provided with a small groove, which
establishes a communication between both sides of the piston
when the brake is not applied, so that any slight leakage into
the eylinder will pass through the groove to the atmosphere
without moving the piston. In ordinary applications of the
brake the pressure in the main pipe should therefore be reduced
not less than 6 or 8 lb., according to the length of the train, so
as to ensure that the pistons in all the brake eylinders clear their
respective leakage grooves,
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15. An isolating cock is fitted to the pipe leading from the main
reservoir to the driver's brake valve. Explain its purpose.

In ordinary working, the brake valve isolating cock should
be open always. When, however, two engines are coupled to
a train it is necessary that the brake should be controlled by the
driver of the leading engine, and the second engine therefore must
be isolated from the main pipe by eclosing the brake valve
isolating cock until the leading engine is removed.

16. Give the number of principal positions for the driver’s equalising
brake valve handle, and state briefly what operation is per-
Sormed in each respective position.

There are five principal positions for the driver’s brake valve
handle. In position 1 a direct communication is established
from the main reservoir to the main pipe, thus charging the
whole of the brake apparatus with air and releasing the brakes.
This direct communication is cut off in position 2, and another
passage is opened which leads to the main pipe by way of a small
feed valve. By this arrangement, the proper working pressure
in the main pipe is maintained, and the excess of pressure in the
main reservoir is available for quickly releasing the brakes. The
handle therefore should be retained always in this position whilst
running. In position 3 all the portways in the valve are closed.
Position 4 is for ordinary applications of the brake ; the air
is allowed to escape gradually from the main pipe to the atmos-
phere by way of a passage in the valve.  When the brakes are re-
leased the handle should be returned to position 1 sufficiently long to
release the brakes properly and to recharge the auxiliary reservoirs.

Position 5 is for emergency applications of the brake. When
the handle is in this position a large direct communication
between the main pipe and the atmosphere is established, thus
suddenly redueing the pressure in the main pipe and causing
an instant application of the brakes with full force.

17. Why is it necessary to rvetain the brake valve handle in position
1 for a short time when releasing the brakes ?

In applying and releasing the brakes a large amount of nil'
is discharged from the main pipe and auxiliary reservoirs. It is
necessary therefore to recharge properly the auxiliary reservoirs
by retaining the brake valve handle in position 1 from ten to
twenty seconds, according to the length of the train, before
returning the handle to position 2.

18. What would be the effect of placing the brake valve handle in posi-

tion 1 before applying the brakes or when running unbraked ?

The main pipe would be placed in direct communication

with the main air reservoir, and the excess of pressure required
for releasing the brakes would be lost.

19. What is the effect on the engine and tender brakes when coupled
to a train carrying less air pressure ! Erplain the cause
and method of procedure.

The brakes on engine and tender would be applied auto-
matically by the reduction of pressure in the main pipe because
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of equalisation with the lower pressure in the train.  If. however,
the main reservoir contained the proper execess of pressure when
the connection was made, the train would be charged, and the
brakes again automatically released when the normal pressure
had been attained in the whole of the main pipe and auxiliary
reservoirs.  The engine brakes may be released also by opening
the small release valve which is connected to the engine brake
eylinder.

20. Where should the brake valve handle be placed when the brakes
have been applied either by the guard or automatically. as
by a rupture of the hose couplings or a separation of the
train ?

The valve handle should be placed as for ordinary applications
of the brake, thereby aiding in stopping the train and at the
same time preventing the escape of air from the main reservoir.

21. When first coming on duty what precautions should the driver
take to see that the brake is in proper working order ?

The brake apparatus on engine and tender should be examined
somewhat as follows. See that the brake gear is adjusted and
wear of blocks taken up uniformly. Lubricate air pump and
work it until 90 Ib. is stored in the main reservoir. See that
the driver’s brake valve operates properly in all positions of the
handle and retains an excess of 20 lb, pressure in the main
reservoir when the handle is placed in the ** position whilst
running.”  Air leaks or any other defeet to be repaired before
leaving the running shed.

22. How would you test the brakes before leaving a terminus or
any place where the hose couplings have been separated and
recoupled ?

See that the hose coupling on the engine or tender is coupled
properly to that on the first vehicle, and that the corresponding
cocks in the main pipe are open.  Apply the brakes on the train
for examination and release them when required, to see that the
brakes on all the vehicles operate properly.

23. How should the brake be applied for ordinary stops to prevent
a rebound or other inconvenience to passengers ?

To bring the train to a stand without rebounding the brake
valve should be opened carefully when the brake is applied,
and closed gently when the pressure has been reduced by about
8 1b.

24, What is the proper speed at which a terminus or a dead end
bay in a station should be entered ?

A terminus or dead end bay should be entered at such a
speed that the train ean be brought to a stand at the proper
place by the application of the hand brake only, if necessary.
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Fia. 268.—Froxt-Exp View or Four-CyrLiNper 4-6-0 Tyre
Exrress Locomorive, No. 6000, King George V, G.W.R.

Engines of this class have four single-expansion cylinders and two
sets of valve gearing ; the piston valves of the outside eylinders take
motion from the spindles of the inside valves through the medium
of rocking levers,

The bell was awarded to the engine at the ** Fair of the Iron
Horsze,” held at Baltimore, Ohio, in 1927, to celebrate the centenary
of the Baltimore & Ohio Railroad. )

For general view and dimensions, see p. 223,
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(‘HAaPTER 22
EXAMINATION ON BREAKDOWNS

1. How eould you tell whether your engine was right or left hand ?

By placing both erossheads opposite each other at the motion
end of the slides.  In this position the cranks will point towards
the firehox. The uppermost crank, whether it be the right or
leoft. will denote the hand of the engine when looking from the
footplate or trailing end.

2. How would you know if an eccentric had shifted 2 What might
be the cause and vemedy ?

A shifted eccentric would be denoted by the engine beats
becoming irregular.  This irregularity would be most noticeable
with the reversing lever in the gear controlled by the faulty
ceeentrie, when separate eccentries arve fitted. The failure is
not & common one, since the eccentries are usually secured by
keys sunk into the axle, in addition to $-in. hexagon-headed steel
set serews. which are hollowed on the end to form a cutting edge
for sinking into the erankshaft to prevent turning. It may be
due to the serews, or cotters when used, working loose, or by
insufficient lubrication setting up exeessive valve face or motion-
work friction, thereby inereasing eonsiderably the work of the
cecentrics.  This heavy strain. together with the reversal of move-
ment at each stroke, might cause the screws or cotters to work
slack, which., with the additional wear on the key, would result
eventually in failure.  If a forward gear cecentric has shifted,
place the reversing lever in full forward gear, or in full backward
gear for a back gear failure, with the erank on front centre,
the brakes hard on and the eylinder drain cocks open. With the
regulator slightly open, move the loose eccentric forward, i.e.. in
advance of the erank, until steam appears at the front drain
cock. Seceure the eccentric by the serews or cotters, taking
care before starting to sce that the motion-work pins and slide
\'fl,l\'l‘_ ole,, are |H'|'1."l'| I_\ rl""!‘.

3. (tive one or two causes to which a broken eccentric strap nmiight
be due, and explain how temporary repairs may be effected.

A broken strap may be caused by (1) insufficient or improper
lubrication setting up excessive valve face, motion-work, or
eceontric sheave friction.  (2) Expansion of the sheave and
consequent seizure of the eceentrie strap due to heat generated
by grit picked up when running.  (3) Faults in the strap material
which were not discernible previously. In a forward gear eccen-
trie, both straps and rods on that side of the engine must be taken
down and steam prevented from entering the eylinder by fixing
the slide valve in the middle position.  In a back gear failure,

15 19
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the forward gear may be left intact and the engine worked forward
by taking down the defective gear only, after packing up the
quadrant bloek with a picce of wood inside the slotted link. In
cither ease the connecting rod may be left in position to retain
the engine balance. When the slide valve is fixed in the middle
position for a forward gear failure the lubricator valve on the
defective side should be taken out and the eylinder well flushed
with oil before starting away.

4. What methods would you adopt to secure the slide valve in the
middle position with either fibrous or metallic gland packings ?

With fibrous packing the gland may be canted by packing
with wood, ete., on one side, and screwing up the nut on the
opposite side, thus gripping the valve spindle, or by inserting
one or two additional rounds of packing and tightening up the
gland beyond the usual working condition. Special clips, to be
secured by the gland serews and fitted with a serew for tighten-
ing against the spindle, should be ecarried for metallic packings.
If there are no clips to hand the spindle may be seeured by taking
off the gland or cover and inserting one or two rounds of spun
yarn, or by driving wood packings between gland screws and
spindle.

5. State what you know about eccentric rod or bolt failures, giving
probable causes and temporary remedies.

Secentric rods usually break at the forked ends, which are
coupled to the link. The cause may be due to (1) insufficient
slide-valve lubrication. (2) Seizure of the link pin. (3) Faulty
material. (4) Pieces of broken piston ring passing through the
steam port and fouling the valve edge. A broken bolt may some-
times be replaced by a bolt taken from some other part of the
engine.  Almost invariably, it is necessary to take down the
rods as deseribed for the broken eccentrie strap.

6. What would you expect to occur with a bent or broken valve
spindle, and how would you act ?

If the spindle were bent the valve lead would be altered
and there would be an irregular beat on that side of the engine.
With a broken spindle, the valve generally remains at the front
end of the steamchest and a constant admission to one end
of the eylinder oceurs, which stops the engine. In the event of
a failure inside the steamchest, a test may be applied as follows :
First place the crank on top centre with the brakes hard on
and the cylinder drain cocks open. Open the regulator a little,
and, by moving the reversing lever forward and backward, it
can be seen by means of the drain cocks whether admission to
each end of the eylinder changes in accordance with the movements
of the lever. In an inside failure, push the broken spindle, after
disconnecting its outer end, tight against the internal portion,
and secure in position with the gland, thus holding the valve
at the front end of the steamchest. The eccentric and connecting
rods must be taken down, although the straps may be left on the
sheaves if they are clear of the firebox or the underside of the
boiler.  This can be ascertained by swinging the straps round,
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taking care to have one of the cecentrie sheaves with full throw
pointing directly towards the firebox. Then push the piston to
the front end of the eylinder and secure by means of the slide-bar
clips which are usually carried. If there are no eclips to hand,
place a piece of fence rail or some such material between the slide
bars and secure with spun yarn or cord. In the case of an engine
with a rocking-shaft valve motion the connecting rod only need
be taken down, and the eccentric rods left intact after disconnect-
ing the valve link or short arm. The piston rod would require
to be secured as deseribed already unless the failure was outside
the steamchest, in which case both the connecting and eccentrie
rods may be left intact by working with the valve fixed in the
middle position after flushing the eylinder thoroughly with oil
and taking out the lubricator valve.

7. What would you do if the valve spindle cotler was sheared or
lost ?

Insert a suitable spanner or chisel and secure with cord. If
this is impracticable, secure valve in the middle position and
proceed as with broken spindle.

8. State how a leakage of steam due to the slide valve having become
disturbed from its proper working position, or withheld from
its face, would be denoted, giving the probable cauwse and
particulars for testing for this.

If the slide valve was withheld from its face a continuous
blow up the chimmey would be observed.  This might be due
to the spindle or buckle having become strained or fractured.
To find which side is defective first place the right-hand erank
on top or bottom centre with the reversing lever in mid-gear, the
eylinder drain cocks open, and the brakes hard on. If steam is
discharged through both eylinder drain cocks when the regulator
is opened it may be assumed that the valve is off its face., This
test. may be repeated on the left-hand side by placing the corre-
sponding crank on top or bottom centre with the reversing lever
still in mid-gear. A similar leakage of steam would occur if
both lap pieces were broken, but the chance of this happening
simultaneously at each end of the valve is very remote. In addi-
tion to noting the drain cocks, however, the amount of power
required to move the reversing lever will also assist in denoting
whether a valve is off its face, and which is the defeetive side.
Take the first test, for example, 7.e., R.H. erank on top centre, in
which position the L.H. erank will be on the back dead centre,
assuming the engine to be right hand. If the reversing lever is
moved, the L.H. valve will be at its minimum and the R.H.
valve at its maximum amount of movement. If, therefore, a
certain amount of stiffness not before apparent is noticed when
moving the lever, the R.H. valve alignment will have been dis-
turbed, and this stiffness, together with the discharge from the
drain cocks, will denote that the fault is on this side of the engine.
The amount of leakage will determine whether it will be possible
to proceed, although the assistance of another engine is usually
necessary with this kind of failure,
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0. How would you act with a seized quadrant or motion pin?

_In most engines there is insufficient elearance, and considerable
time might therefore be lost in attempting to withdraw the pin.
It this was found to be the case the parts affected should be taken
down, and proceed with one side only. as already deseribed.

0. Eeplain the method of procedure and give the proper positions
of the eranks on an inside cylinder engine with Stephenson
link motion for (1) taking down the whole of the valve gear
on both sides and (2) for taling down one side only. I

First place both eranks on top. i.e., equidistant from top

centre, with the reversing lever in full forward gear, thereby
bringing the foreward gear ececentric rods immediately over the
drag link. 1In this position the bottom pin for :-nm.n-c-lin;.: the
lifting links to the forked arm of the reversing shaft may bhe driven
out.  With the bottom end of the links thus free raise the R.H.
foreward gear cceentrie rod by means of a pinch bar and sceure
with a block of wood sufficiently high to enable the pin of the
L.H. foreward gear cccentric rod to be removed. The outside
links will first be released. after which the pin may be driven
completely out.  The inside links are held by hand. and {the
radius link connected to the L.H. back gear ecccentrie rod is
allowed to rest upon the reversing shaft. The woo packing
may then be removed from under the right-hand rod. which will
then rest upon the drag link.  Place the packing under the L.IH.
foreward gear cccentrie rod in order that the pin may be driven
out clear of the R.H. rod end as before, and allow the radius link
and R.H. back gear rod to rest upon the reversing shaft. By
thus disposing of the lifting links the radins links may be dis-
connected from the bottom or back gear eecentric rods with
comparative ease.  Proceed by first packing up the R.H. hack
gear rod with the block, and then drive the pin out of the L.H.
back gear rod. thereby releasing the radius links on this side,
Again place the wood packing under the L.H. back gear rod to
enable the pin of the R.H. block gear rod to be removed. thus
releasing completely the four forked ends of the eceentric rods
at the motion end. The rods can then be removed from the
straps.  The back gear is taken down first, since these rods are
usually outside with a direet Stephenson link motion.  This
dismantles completely the whole of the valve motion-work. as
required when the engine is to be worked dead.  In this case it
would also be necessary to take down both connecting rods and
to secure the pistons in the eylinders for travelling any con-
siderable distance. I it is necessary only that the rods should be
taken down for working with one side, proceed as deseribed with
the foreward and back gear rods in the faulty side only. and then
couple up the links on the working side to the bottom arm of the
reversing shaft.  This leaves one side of the motion intact for
working home or to the depot.

11, How would you take the cccentric rods down on an eight-
wheeled coupled engine ?

Eccentric rods on cight-wheeled coupled engines are exeeption-
ally long by reason of the greater distanee from the driving wheels

EXAMINATION ON BREAKDOWNS 453

to the eylinders. When a rod breaks it often happens that it
will fall low enough to strike the ballast. and be doubled up
before the engine can be brought to a stand.  In a foreward gear
rod, the butt end is detached casily from the strap by taking off
the nuts.  To uncouple the forked end from the radius link pinch
the drag links backward or forward according to their position
to clear the suspension links for taking out the eccentric rod
pin.  In the ease of a back gear rod the pin will usually come
out in any position, as the point of attachment to the radius
links is well below the suspension links,  These links may then
be uncoupled  for removal without detaching the drag links.
Place the full throw of the cccentrie towards the firebox or streteher
plate, whichever is nearest, and swing the straps round on the
sheaves to see that they elear.  Should the straps foul or any
doubt exist as to clearance, they must be taken down to prevent
further damage when the engine is moved.

12, How would you deal with a broken slipper block on Joy's

valve gear ?

Slipper blocks for Joy's valve gear are bored through the
centre for attachment to the swing links, and usually break aeross
this, the weakest part, in which ease the bottom portion is usually
lost.  This, however, does not prevent the engine from being
worked carcfully to its destination, since the upper portion is
retained in position by the slipper bloek slides, and will therefore
perform the duty of the whole block temporarily.  In the event
of a slipper block breaking in such a manner that it is impossible
to work forward, the slide valve on the faulty side must be fixed
in the middle position with the eylinder drain cocks open, the
brakes hard on, and the conneeting rod on bottom centre for
taking down the valve gear.  First uncouple the swing links
from the sticrup link, and then raise the swing links and slipper
blocks as high as possible with a pineh bar so that they may he
secured by means of a rope to the boiler handrail or the framing.
The bottom of the swing links should then be moved toward the
motion plate and the reversing lever moved to find the most
suitable position for taking out the valve-rod pin. After detaching
the valve rod, the swing links and slipper blocks may be lowered
steadily down the slipper block slides and liberated.  The econ-
neeting rod and remaining links may be left in position for working
with one side to the depot.  Care must be taken to lubricate the
evlinder thoroughly on the faulty side.

13. How would you deal with a broken swing link or a broken
anchor link on a Joy's valve gear ?

A broken swing link would have to be taken down as deseribed
for a broken slipper block.  The method of dealing with a broken
anchor link would be somewhat different, sinee the movements
of the stirrup link and swing links are controlled by it. and the
whole of the valve gear on the faulty side would have to be taken
down. After fixing the valve in the middle position, take down
the swing links and that portion of the anchor link connected
to them. Disconneet the stirrup link which has thus heen lefi
hanging on to the conneeting rod and proceed to the depot as
deseribed already when working with one side only,
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14. Give the probable causes of, and state how you would proceed
with, a broken reversing rod.

A broken reversing rod may be due to (1) excessive valve
face friction. (2) Valve spindle gland too tight or valve spindle
galling.  (3) Faulty material. When this failure oceurs the links
by their weight will fall into forward gear and the engine may
therefore still be worked in a forward direetion. When it is

required to reverse, the links will have to be raised by means of

a pinch bar or other lever. To retain them in the proper running
position loosen the eaps on the reversing shaft bearings and insert
underneath a picce of tin, leather, wood, ete., to grip the shafi
when the eaps are serewed up tightly.

15. What would denote that the reversing screw thrust gland had
seized 7 Glive the probable cause and remedy.

The seizing or galling of the reversing screw thrust gland is
usually accompanied by a gradually increasing stiffness when
reversing, and would probably be due to dirty or choked up oil
holes preventing the proper lubrication of thrust collars. Ta
remedy the defect, remove the nuts from the gland, which may
then be forced out by turning the serew. Relieve the cateh plate
by taking off the handle, thereby releasing the bolts, and the gland
will then leave the serew. Thoroughly elean all parts, smooth
over with a file where rough, and lubricate before replacing.

16. How would you act with a broken or uncoupled regulator ?

If the regulator became uncoupled or broken so as to be
out of control with the valve open, the steam admission to the
cylinders would have to be regulated by means of the reversing
lever.  In stopping the engine the steam could be shut off from
the eylinders almost entirely by placing the lever in mid-gear,
which, together with a judicious use of the brakes, would give the
necessary control. It would, however, be neeessary to wire
forward for another engine to be in readiness at the nearest
convenient place, since the regulator might be closed at any
moment by the jolting of the engine. The steam pressure should
be reduced for working forward or home light.  Should the
failure oceur with the regulator closed there would be no alterna-
tive but to obtain an assisting engine, and in this case care ghould
be taken not to reverse the motion in the opposite running
direction, otherwise an alteration to the steam pressure on each
side of the regulator might cause it to open.

17. Describe how you would test your engine for faulty valves,
pistons, or rings, broken front or back valve lap pieces, or
a broken valve cavity.

First place erank of engine on top eentre with the brakes
hard on and the eylinder drain cocks open. 1If the piston and
rings are in good condition steam will issue from the back drain
cock only, when the lever is placed in full forward gear and
the regulator opened. If either the piston or the rings are faulty,
steam will be discharged at both the drain cocks. The test may
be repeated by placing the lever in full backward gear, to steam
to the front end of the eylinder, and through the front drain
cock only if the piston and rings are in proper working order,
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When testing for broken valve lap pieces the lever should be
placed in mid-gear, thus shutting off steam from the eylinder
entirely if the valve is in good condition. With the valve in
this position a broken front or back lap piece will be denoted by
an issue of steam from the corresponding drain cock. A broken
valve cavity will discharge steam up the blast pipe in all positions
of the reversing lever. The left-hand engine may also be tested
by placing the erank on top centre and repeating the foregoing.
These tests could also be ecarried out with eranks on bottom
centres, in which ease steam would be admitted to the opposite
ends of eylinders and would issue from the drain cocks accordingly.

18, State how a broken port bridge would be observed, how it would
be located, and the method of dealing with this.

A broken port bridge would be observed by the occurrence of
one strong blow to every three beats of the valves or to one
revolution of the driving wheels. This strong blow is caused by
the steam following the line of least resistance, and passing
directly through the broken port bridge and up the blast-pipe
immediately the faulty port is open to steam. To locate the fault
move the engine slowly forward, with the reversing lever in
forward gear, assuming the engine to be right hand. If the blow
oceurs during the time that the R.H. crank is passing through
the top front quarter, 7.e., between top and front centres, the
left-hand back port bridge is defective. In a similar manner the
broken port bridge may be located if the blow oceurs with eranks
in the following positions :

R.H. erank passing through bottom back quarter, L.H.
front port bridge broken.

L.H. erank passing through top front quarter, R.H. front
port bridge broken.

L.H. erank passing through bottom back quarter, R.H.
back port bridge broken.

If the amount of steam passing through the broken port
renders it impossible to go forward, the slide valve must be
fixed in its eentral position and the conneeting rod may be left
intact, if the nearest depot is near at hand. Care must be taken
to lubricate the useless eylinder. Another method is to fix the
valve at the end of the steamchest, to cover the faulty port, and
secure the piston at the same end of the cylinder after taking
down the connecting rod. In this manner the eylinder is converted
into an ordinary steamchest, and the engine may then be worked
to its destination or depot with one side only.

19. Ereplain probable causes of broken air valve and how it may
be repaired temporarily.

Excessive lift or faulty castings are the most common causes
of air-valve failure. The lift should therefore never exceed § in.
In case of failure place a piece of timber to make up the thickness
on top of valve, and insert a piece of iron between the timber
and the valve lift regulating screw. Tighten down securely by
means of the serew, and although the valve will be rendered useless
the engine may be worked to its destination. It is good practice
to carry a round disc of iron of suitable size for cases of emergeney.
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20, Give the probable cause of a broken piston head. State how it
may be observed, and remedied temporarily.

A broken piston head may be due to priming.  In this ease,
the water earricd over with the steam from the boiler is trapped
between the piston head and eylinder cover, and the latter is
therefore often damaged at the same time. Pieces of broken
piston ring, by ‘becoming jammed against the eylinder walls or
between covers and piston, or by fouling, as when protruding
through the ports, may also be sufficient to damage the piston
head seriously.  When this failure oceurs, a dangerous knock,
which is transmitted through the eylinder and motion-work, is
usually heard. If the knocking is insuflicient to attract attention,
the fractured piston head will be denoted by two heavy blows
up the blast-pipe at every revolution of the driving wheels.  The
blows will commence with the admission of steam, and eccase
with the point of cut-off at each end of the eylinder alternately.
Having ascertained by means of the drain cocks which is the
faulty side, uncouple the engine by taking down the conneeting
rod and securing the various parts as previously deseribed.  1f,
however, the whole of the piston is broken from the rod and the
back cover has remained intact, the picees may be removed and
the rods retained in position, provided the engine is within
reasonable distance of a depot.  Should any part of the head
remain on the rod or any doubt exist, the engine must be un-
coupled.  In all cases steam must be shut off from the eylinder
by fixing the valve in the middle position before the engine is
moved.,

21. (live probable causes to which a damaged piston vod or sheared
crosshead cotter might be due, and cxplain method of pro-
ceduwre with this kind of failure.

A lhllllu[_{('d ||islml rod or sheared erosshead cotter may bir
due (1) to obstruction in the eylinder: (2) to priming : (3) to
imsuflicient rod lubrieation, especially when running  without
steam ;3 (4) seized slide blocks ; (5) faulty material. A bent
piston rod is usually accompanied by execessive heating due to
inereased friction at the gland, and the condition of the rod will
therefore determine whether it is possible to work slowly forward
by well lubricating the rod until the main line can be left at a
siding, loop, or depot where the defeetive side could be taken
down. If the rod is badly bent or broken, or the erosshead
cotter sheared, the connecting rod must be uncoupled and the
slide valve fixed in the middle position.  The eccentric rods
must also be taken down unless a rocking-shaft valve motion
is employed, in which ease they may be left up as previously
explained.  The front eylinder cover is often damaged when a
piston rod breaks or a crosshead cotter shears, so that the
method of securing the piston in position will always depend
upon the circumstances.  If, for instanee, the rod is badly
bent or broken outside the evlinder it may be sceured by means
of the gland.
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22, Eaplain the probable causes of a broken or damaged crosshead
giving particulars as to small end adjustment, and how you
would proceed in this case of failure.

In addition to the causes enumerated for a broken piston or
rod, the erosshead may also be damaged by excessive knock at
the small end. Unless it is located earefully drivers may be
misled and book * big end knocking.” when it is the little end that
is at fault. The connecting rod adjustment should therefore be
tested from time to time, with the crank on top centre, the
eylinder drain cocks open, and the brakes hard on. By opening
the regulator a little and allowing the fireman to work the reversing
lever backward and forward, thus admitting steam to each end
of the eylinder alternately, excessive movement in either the
small or big end will be at onee apparent. The slide bars are
usually damaged when a erosshead breaks, and it would be
necessary to take down the connecting rod, secure the piston
rod, and fix the slide valve in the middle position for working
with one engine only.

23. Give causes of a broken piston rod gland, and state how it may
be remedied temporarily.

Check nuts improperly locked or working loose are the most
common eauses of a broken piston rod gland.  When unrestrained
by check nuts the gland will travel with the piston rod on the
outward stroke and be broken on its return by fouling the gland
stud ends.  If not entirely broken, the gland may be fixed in
position with a piece of rope or spun yarn securely passed round
the gland and the slide bar supports. 1 it is not possible to secure
the gland, it will be necessary to take down the whole of the faulty
side and procecd with one side only.

24. State the causes of a broken solid small end or strap, and how
you worldd proceed to take down faulty connecting rod of an
inside eylinder engine.

A broken small end may be due to any of the causes mentioned
in the three foregoing answers, and would necessitate taking down
the defective side to work with one engine only, as described.
As pit accommaodation would not be available, the engine nlu.)ul(l
first be pinehed until the erank on the faulty side is straight
out towards the eylinders for taking down the connecting rod.
In this position there is ample space above the ballast for slacking
back the big end bolts, which are usually very sceurely tightened.
After slacking the bolis, pinch the engine forward until the erank
is midway between the front and bottom centres for the removal
of the set serews, bolts, and cotters.  This releases the big end
strap, which, with the eross brass, will now slide off the rod end.
The butt end brass may be freed by raising the rod, which may
then be drawn or pinched towards the firchox, and the crank
journal used for support.  This will bring the piston against the
back evlinder cover with the small end bolts behind the motion
plate, in which position they are casily removed, thus liberating
the rod.  If. however, thé small end is solid, the rod need not be
dreawn out so far, as it may be released by taking out the gudgeon
pin after removing the nut by which it is sceured.

154
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25. How_ would you deal with a broken small end strap or gudgeon
pin when Joy's valve gear is used ?

Fix slide valve on faulty side in middle position, take down
whole of valve gear as described for broken anchor link, remove
connecting rod and secure piston in eylinder for working to depot
with one side only.

26. Give causes of bent or broken connecting rod, and state how
you would proceed with this kind of failure.

A damaged connecting rod may be due to any of the causes
m_u-ntionatl for piston head, rod, and crosshead faiLlurt-.-s. or to the
big end brasses seizing the crank journal by expansion when
excessively hot. If only slightly bent it may be possible to run
forward to destination at a reduced speed. Special attention to
lubrication of big and small ends would be necessary, however,
as these would be liable to run hot, beeause of the rod alignment
being disturbed. If badly bent the rod must be taken down, but
if broken the position of fracture will determine the method of
procedure.  The fracture, for example, usually occurs at the
weakest part of the rod, i.c., near the small end, so that in many
instances a saving of time may be effected by leaving this ]l(ll'li(l;l
attached to the erosshead and taking down the big end only.
In an engine with open slide bars, the big end cotter may be used
against the spectacle plate for securing crosshead in‘posit‘i(m.
The fixing of the slide valve in middle position with eyvlinder drain
cocks open always should be the first duty in taking down the
motion, thus avoiding any risk of accident that otherwise might
oceur by a faulty regulator valve allowing a leakage of steam into
the eylinder, and thereby moving the piston when disconnecting
the various engine parts. -

27. Give causes for broken big end strap or bolts. and state how
temporary repairs may be effected.

A big end strap or bolt may be damaged by excessive knock
because of the brasses having ground away when running hot, or
the various causes previously mentioned for bent rod and small
end failures.  In the event of both bolts breaking without
damaging the strap a bolt may be taken from the other rod and
the engine worked lightly to destination. With a broken strap
the faulty side must be taken down for working home with one
engine only.  Care should be taken when working with one side
to stop with running crank away from dead centres, otherwise the
engine will have to be moved by means of a pinch bar or jack for
a proper admission of steam to the eylinders before a start can
be made.

28, How would you proceed to take down a conneeling rod on an
eight-wheel coupled outside cylinder engine ? '

First place the engine with the faulty rod on the front bottom
angle, i.e., half-way between front and bottom centres, as this
is the most suitable position for taking out the brasses. After
the big end brasses have been removed the rod may be allowed
to rest upon the crank-pin for taking out the gudgeon pin. In
most engines of this type it will be found impossible to get behind
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the rod at the small end to remove the gudgeon pin: special
arrangements are provided for this purpose, and the centre of
the pin is drilled and tapped for the reception of a serew.  Each
engine usually is supplied with a wrought-iron or steel bracket
somewhat in the form of a cup with a suitable serew fitted through
the centre. This bracket or cup, when used, rests on the eross-
head elear of the gudgeon pin, which is withdrawn gradually
as the serew is tightened up. After removing the rod, the tem-
porary bush, which should be earried always on the engine, must
be placed upon the erank-pin jowrnal, and held seeure by the
erank-pin washer, thus retaining the side rods in position for
working home with the opposite side.

29. Give causes and stale how you would deal with a bent or broken
side rod on four, siv, and eight wheel coupled engines.

Excessive slipping of the wheels, with faulty sanding, may
be given as the most common cause of bent or broken side rod,
although the failure may arise also from faulty material. In
the case of a four-wheel coupled, both rods will require taking
down, and the engine then may be worked as a single-wheeler.
With six or eight wheel coupled engines the side rods are jointed
to give the necessary flexibility, and usually it will be found
that the eye of the rod is the weakest part, more especially when
it has become worn by the coupling pin. These coupling joints
therefore should be examined carefully from time to time for
the prevention of failure.  On six-wheel coupled engines this
joint is placed almost invariably immediately beyond the driving
erank-pin at the trailing end, so that should the leading rod become
defective, it will be necessary to take down the whole of the rods.
If, however, a trailing rod is damaged. the leading rods may
be left intact and the engine run as a four-wheel coupled. In
all cases of coupling-rod failure it is necessary to remove the corre-
sponding rod on the opposite side for retaining the engine balance,
and to prevent dangerous twisting strains that would be set up
with one side coupled only. Eight-wheel coupled engines are
constructed usually with outside cylinders, in which case the
connecting rods also require taking down for removing the whole
of the rods, as they are connected to the driving crank-pins
on the outer side of the side rods. In this type of engine the
flexibility usually is obtained by constructing the side rods in
three portions, and the method of detachment in case of failure
becomes somewhat more complicated than with the ordinary
four or six wheel coupled engines. In the case of a leading or
trailing side-rod failure, the centre rods may be left intact and
the engine placed in a suitable position for taking out the coupling
pins through the spokes of the wheels, thus liberating the faulty
rod, always taking care to remove the corresponding rod on the
opposite side. If, however, the centre rod should bhe defective,
it will necessitate taking down the complete set of rods. Before
replacing the connecting rods, the space previously taken up by the
side rods on the driving erank-pins will require filling up again
with packing, or temporary wood or metal bushes whieh should
be earried for this purpose on this class of engine. These bushes
will retain the big ends of the conneeting rods in their proper
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position on the erank-pin journals when working home or to
destination.  The hauling power of the engine will be reduced
according to the number of wheels uncoupled, and this. with
the amount of load behind, will determine whether the whole
or only a portion of the train can be taken forward.

30. State how you would proceed with a broken erank-pin. and give
probable causes of failure.

The various strains which tend to damage the side rods are
passed also through the erank-pins, and the caunses of failure
therefore are similar in both eases.  Sharp curves on the road,
excessive slipping. crank-pin heating up, and faulty material,
whether singly or combined, are the most common cause of erank-
pin failure.  The side rods will require taking down in accordance
with the position of the damaged pin, and the engine worked
with a reduced number of coupled wheels as deseribed in the
preceding guestion and answer.

3. If an axlebor became fast in the horn plates, what wmight be
the cause, how would it be observed, and how remedied ?

A hot journal, which may arise from insufficient lubrication,
or grit picked up when running. may eause an axlebox to expand
and thus seize in the horn plates. This is perhaps the most
common cause, although it may arise also from the box being too

“good a fit when delivered from the repair shop, which, with
insufficient lubrication, might cause it to become fast.  When
this oceurs, excessive and dangerous vibration is at once observed,
If the horn plates are fitted with a wedge, the box may be released
by slacking back the adjusting bolt. If. however. the horns
are fitted with solid plates, the box should be cooled first with
water to see if it ecan be freed by the contraction that will take
place.  Should this contraction be insufficient for releasing the
box, the sliding faces will require flushing with oil or paraffin,
and the engine run over a fishplate or hard piece of wood to
start the box working again. If the box eannot be freed in this
manner the engine must be worked to the nearest siding or depot,
and the assistance of another engine obtained. A fast box is
a far more dangerous failure than a journal merely running
hot, so that the engine must be run as slowly as possible and the
journal well lubricated with a liberal supply of oil, or a mixture
of oil and plumbago.

32. State how you would deal with a broken leading. driving. or
trailing spring. and ecplain method of procedure when ot
provided with a lifting jack.

The method of procedure with a broken spring will depend
always on the nature of the failure. Underhung springs and
many others of the laminated type, for instance, are so situated
that the additional weight due to a defective spring, such as
broken top plate or back, will be distributed over the other
bearings, and it will be possible therefore to work the engine
forward carefully at a reduced speed. Providing it is not a leading
spring failure, it is sometimes even possible to work cantiously
forward to a siding or depot after a spring has broken through
the whole of the plates, and which in consequence has been lost
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on the road. In the event of complete failure due to a broken
leading spring it would be necessary to relieve the weight of the
engine by first running the driving wheels on to hardwood wedges
or fishplates, ete., afterwards placing reversing lever in mid-gear,
eylinder drain cocks open, and brakes hard on. Suitable packings
should then be placed between the top of the axlebox and horn
block at the faulty end. After the engine has been run off the
wedges it will be found that sufficient weight is borne directly
on the bearing near the faulty spring for working home in safety.
This method would require reversing for a broken driving spring,
taking care first to pack between the trailing axleboxes and horn
blocks to provide a solid base when lifting the leading end on
to the wedges. Many engines are fitted with spiral springs, more
especially in connection with the driving bearing. In this type
of spring it is rare for more than one or two coils to break on
any one journey, and the centre spring link therefore would be
found sufficient in most cases to retain the spring in position for
working home. In case of total collapse, the method of procedure
would be the same as deseribed for laminated springs.

33. If by any means the engine leaves the road, what steps should
be taken after its being replaced on the rails to ascertain that
the axles and wheels are in proper working condition ?

The wheels always should be carefully gauged after the engine
has been placed on the rails. A staff or gauge should be obtained
and the wheels measured at four equal quarters between the rims,
Should the wheels vary more than one-eighth of an inch between
the rims at any of the quarters, the axles must be overhauled
thoroughly before proceeding.

34. Give probable cause of broken axle, and state how you would
proceed with this kind of failure.

A broken axle is often due to faulty tyres. which. because
of having run an excessive mileage without returning, have worn
out of true, and therefore vary in dinmeter at different points of
the cireumference, thereby setting up heavy alternating strains
when running.  The breakage may be due also to incipient
fracture or faults in the material, which although not previously
discernible, may have developed gradually as the mileage inereased
until finally failure occurs.  Much depends on the nature of the
fracture as to the methods of procedure. Modern erank axles, for
instance, often have the webs hooped, and strong bolts, as already
deseribed, are fitted earcfully through the centre of the crank
journals, If, therefore, the fracture oceurred in any part of this
journal, the bolt might be found in a sufficiently good condition
to allow the engine to be worked to the nearest siding or depot.
With the tools usnally at the disposal of the driver, the packing
up of axleboxes and removal of driving spring centre pins, and so
on. is mueh easier said than done, so that it is advisable in all
cases of axle failure to wire for the breakdown van at the carliest
opportunity. If, for example, a leading or trailing axle broke, it
wotlld not be possible to move the engine until a trolley had been
obtained for relieving the weight from the faulty axle by giving
support to that end of the engine. Assuming that the cerank
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axle had broken in such a manner that it would be dangerous to
proceed, the driver, after wiring for the breakdown van, should
be making such preparations as his tools allow for the removal
of the engine. The side rods should be taken down first and the
leading and trailing axleboxes afterwards packed solid with
timber between the top of the boxes and underside of framing.
The front end of the engine then should be raised by means
of the lifting jack, thus relieving the weight from the driving
spring centre pins for their removal. In the absence of a lifting
Jack, the leading wheels may be run on to packings or sprags
of sufficient thickness, in which position it will he possible to
knock out the driving spring centre pins, after which the engine
may be moved for lowering the leading wheels on to the rails.
The driving wheels may then be run on to the packings, thus
forcing the driving axleboxes to the top of the horns, in which
position wood packings should be tightly fixed between the
hottom of the boxes and horn stays, thereby retaining the driving
wheels. clear above the rails after the wheel packings have been
removed. In this manner the engine will rest upon the leading
zm(! t.lmiling il.‘(ll‘.‘i only, and therefore be ready for removal when
assisting engine arrives,

35. Give probable causes and state how you would deal with
broken engine or tender tyre.

A broken tyre may be due to (1) excessive allowance for
shrinkage when the tyre is placed first upon the wheel centre :
(2) alternate heating and cooling due to friction of brake blocks
(3) tyre out of true due to excessive mileage without returning ;
(4) faulty material.  The method of dealing with this kind of
failure will be determined by the nature of the fracture, and if,
after careful examination, it is found possible to go forward, the
engine should be worked slowly to the nearest siding or depot.
In many eases, however, the tyre will open out considerably, and
it. will be dangerous, therefore, to attempt to run the 1-ngim-
forward. The breakdown van should be wired for, and the driver
should proceed to pack up the boxes, ete., for lifting the faulty
tyre clear of the rails, as deseribed for broken axle, :

6. Heplain the methods of procedure in endeavouring to avoid
trouble from hot axlebor journals.  Mention some af the
probable cawses of hot driving and tender axles, and the means
to be adopted to reduce the tendency to overheating.

Hot axlebox journals sometimes may be avoided by a proper
inspection of the axleboxes before starting on a journey.  As a
result of a casual inspection, it often has been assumed that the
hoxes woere filled properly with oil, whereas a closer inspection
would have shown that water from boiler washing out, or w.utm-
flushing from tanks, or injector overflows, and so on, had entered
the box and displaced the lubricant, the latter floating on the top
of the water. In such a case, the contact of the lubricant with
the journal is prevented. and overheating is almost inevitable
Insufficient allowanee for longitudinal expansion of the I)c-aring.
indicated by the absence of end-play when the bearing is cold,
or grit picked up when running, also may be the cause of hot
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axlebox journals. In the event of a journal running persistently
hot, and if oiled from the top, the trimming should be examined
to make sure that oil ean pass freely to the journal. Providing
the design of the spring rigging or adjusting arrangements of
the axlebox will permit, the load on the axle sometimes may
be reduced slightly by a readjustment of the axlebox or the
spring supports. (For seized axlebox, see also answer to
question 31.)

37. Give the probable causes of (a) hot connecting-rod big end ;
(b) overheated side-rod journals ; (c) eccentric straps running
hot.

(a) A hot connecting-rod big end may be caused by (1) in-
sufficient lubrication ; (2) insufficient end-play or excessive
tightness of brasses ; or (3) grit picked up when running. When
cold, it ghould be possible to produce a small amount of side
movement of the big end on the erank-pin journal, by using a
small pinch bar. Excessive tightness of brasses, or knock due
to excessive wear, sometimes may be responsible for overheating.
To test whether the brasses are too tight or too slack, place the
ecrank on top or bottom eentre, with cylinder drain cocks open,
and brakes hard on. By opening the regulator a little, and
allowing the fireman to work the reversing lever backward and
forward, to admit steam to each end of the eylinder alternately,
too little or too much movement in either the small or the big
end immediately will be apparent. If overheating is because of
grit picked up when running, the journal should be flushed with
oil from time to time, for which purpose it may be necessary
to alter the trimming, to permit the passage of an additional
quantity of the lubricant. The closing of brasses to take up
excessive wear, or to prevent undue knocking, should be done
by degrees ; otherwise there will be a liability to overtightening
and consequent dangerous overheating.

(b) Overheated side-rod journals may arise from causes similar
to those enumerated for connecting-rod big end, but as the ends
are usually of the solid bush type. the adjustment cannot be
altered. The engineman, however, can make sure that the
lubricating passages are clear, and give extra oil from time to
time.

(¢) Overheating of eccentric straps may be caused by (1)
insufficient or improper lubrication setting up excessive slide-
valve face friction, motion-work friction, or eccentric sheave
friction ; (2) expansion of sheave and consequent seizure of
eccentrie strap, beeause of heat generated by grit picked up when
running ; and (3) knocking of strap on sheave because of exeessive
wear. The closing of straps to take up wear, or to prevent
knocking, should be done gradually, as mentioned for faulty
connecting-rod big end.



APPENDIX 1

OIL-BURNING LOCOMOTIVES AND THEIR
FIRING

As the result of the serious fuel situation which developed after
the 1939-1945 war, the Minister of Transport announced. in
August, 1946, that he had authorised the main-line railway com-
panies to proceed as quickly as possible with the conversion of
more than 1,200 locomotives from coal to oil burning, to secure
a saving in consumption of approximately 1,000,000 tons of
coal a year. For more than a year before that date, the G.W.R.
had conducted valuable research work in the use of oil fuel for
locomotives, and was already operating a number of oil-fired
engines for both passenger and goods trains, with sueccessful
results.  The following description of the equipment and method
of operation has been prepared from information supplied by
Mr F. W. Hawksworth, Chief Mechanical Engineer, G.W.R.

The equipment is designed for use with black residual fuel oil,
weighing about 94 1b. per gallon. The oil does not flow freely
enough through the valves and pipes at ordinary atmospheric
temperatures, and preheating is necessary to give it the required
fluidity. To obtain efficient combustion, it is necessary to supply
the fuel to the firebox in a finely divided state, and this is accom-
plished most readily by a steam jet. At the same time, to sustain
combustion, air in correct proportion must be supplied, and the
products of combustion must be ejected from the smokebox after
they have given up a satisfactory proportion of their heat to the
boiler.  These conditions must be maintained within the practical
limits of the rate of combustion, and in circumstances which
include the process of raising steam as well as normal working in
steam.  The rate of combustion must be capable of being adjusted
quickly to suit variations in working conditions, and for this reason
the controls must be effective, as simple as possible, and con-
veniently situated.  The general layout of the equipment is shown
dingrammadtically in Fig., 2684,

For the proper combustion of the oil it is necessary to arrange
for:

I. The supply of oil to the burner (24) from the tank on the
tender through an oil fuel valve (18), actuated by an
oil control (12) in the cab.

2, The supply of steam to the burner (24) to atomise the oil
and injeet it in this state into the firebox. In the cab a
burner steam pressure gauge (22) is required for indicating
the pressure of the supply, and a burner steam valve (16)
is provided for its control.

3. The supply of air necessary to sustain the required rate of
combustion.  When the regulator is open this can he
induced in the usual manner by the action of the exhaust

164

FILLER

STEAM
FOUNTAIN 3

STEAM FROM BOILER-

BLOWER
RING

MAIN BLOWER

VALVE

OTL-BURNING LOCOMOTIVES

22

WATER FEED

bar

2 G
S
= I
w oz Nia
w w
= a
o —5
HH a
__AMAAA =1 =
i 5 Sh
= 3 00
o v
w
=
o [=
¢ =z
" ;
~
N —_—
<
@ o
00
————
w

L~

24

TENDER

ENGINE
16 268 —Disoran oF OiL Fuel Equirmest ox Excise axp Texper, G.W.R.

465



466 LOCOMOTIVE MANAGEMENT

steam issuing from the blast pipe, and can be regulated
by dampers, but provision must be made for supplying
the air when the regulator is closed. This is obtained
by the auxiliary blower valve (15), which admits steam

to the blower ring independently of the main blower
valve.

4. The preheating of the oil supply to the burner (24) to
attain the required fluidity. This is effected by steam
coils in the tender tank, supplied by steam from the
engine, the regulation of which, by means of the tender
heater valve (17), governs the temperature of the oil
as it leaves the tank. This temperature is indicated on
the thermometer (6).

5. A supply of steam from the engine to the oil chamber of the
burner (24) for eleaning it when necessary. This supply

is arranged through the two valves (19a) and (195) from
the steam manifold on the engine.

i. A supply of steam to the engine manifold from an external
source for raising steam.

=

In addition, the firebox must be arranged to secure efficient
combustion, and protection provided for certain parts. Provision
for lighting up, inspection, and cleaning must also be made.
Arrangements must be made for servicing the tank, for the con-
veyance of oil and steam between engine and tender, and for using
efficiently the heat in the steam required for preheating the oil.

The fuel tank on the tender is servieed through a filler on the
tank top. An oil level indicator (1) is fitted, and a sludge cock (10)
is provided for draining off water and sludge. Oil passes from
the tender through the oil feed cock (7) and thence through the
oil filter (8) to the flexible oil connection (9) between engine and
tender.  The filter is eleaned by giving the handle a few turns in
each direction.

The oil is heated by steam coils to inerease its fluidity. Steam
for this purpose is drawn from the engine manifold (14) through
the tender heater valve (17), which is mounted on the manifold.
This valve therefore controls the temperature of the oil as it
leaves the fuel tank.  The steam passes through the flexible steam
pipe (11) to the tender and thence to the tender heating manifold
(3). Here it divides into two paths each leading to a coil surround-
ing the oil outlet in the well of the tank. Condensation from these
coils is discharged from one of two steam traps (5) placed behind
the left hand step plate of the tender. By means of the valve (2)
on the tender manifold, steam can be admitted, when desired. to
two further coils in the sides of the tank. The condensation from
these coils is discharged from the other steam trap.  Another
valve (4) on the tender heating manifold admits steam to coils
surrounding the water feed pipes, to prevent these pipes and their
valves freezing in frosty weather. A naked flame must never be
used for this purpose. After leaving the oil feed cock (7), and the
oil feed filter (8), oil passes through the flexible oil connection (9)
to the oil fuel valve (18) beneath the footplate of the engine, and
thenee to the burner (24) in the front of the firebox.

OTL-BURNING LOCOMOTIVES 467

FILLE

eeee———

—

““STEAM FOUNTAIN

/s
BOILER PRESSURE

Fic. 2688.—Frrrixes ox Cap axp TeExper oF Oi-Bursise Locomorive, G.W.R.
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Fig. 2688 shows the fittings on the ecab and tender. The oil
fuel control (12) actuates the oil fuel valve (18) beneath the
footplate. This control consists of a hand wheel and graduated
quadrant fitted with a hinged stop, to mark the setting (at about
20 deg.) for the * stand by ™ flame, which ean be brought into or
thrown out of operation as desired.  Steam is normally supplied
by the boiler through the boiler steam valve (13) on the fountain
to the engine manifold (14). The burner steam valve (16) controls
the pressure of the steam supply to the burner (24) for atomising
and injecting the oil into the firebox, and is carried on the manifold,
but is not in direct communication with it. The pressure is shown
on the burner steam gauge (22). The regulation of the air supply
to the flame is by dampers, which are operated simultancously
by the hand wheel of the damper control (26). For inducing air,
and ejecting the products of combustion when the regulator is
shut, the auxiliary blower valve (15) admits steam to the blower
ring in the chimney from the engine manifold. The supply and
regulation of steam for preheating the oil in the fuel tank is made
through the tender heater valve (17) on the engine manifold,

Steam for cleaning the oil chamber of the burner is taken
from the manifold at the valve (19a). Another valve (195) is
fitted between this valve and the burner, and any leakage from
the valve (19a) is discharged through a drain pipe (27) placed
between the valves. To elean the oil chamber, both valves (19a)
and (196) must be opened.  While they are in this position, steam
will issue from the drain under the left-hand side of the engine.
Since the presence of moisture in the oil seriously affects the flame,
the valves (19a) and (195) must be kept tightly shut when the flame
is alight.

To make provision for a supply of steam from an external
source, when steam is being raised in the boiler, a pipe runs from
the auxiliary steam valve (20) on the engine manifold, and branches
to each side of the engine below the footplate. The branch pipes
terminate in front of the step plates in the auxiliary steam con-
nections (21), fitted with blank ecaps. A flexible metallic hose,
earrying steam from an external source, can be coupled to the
connection on the most convenient side, and then steam can be
supplied to the manifold through the auxiliary steam valve (20).
The boiler steam valve (13) on the fountain must he closed hefore
the auxiliary steam valve (20) is opened. It is essential that the
blank caps on the connections be replaced when the flexible hose
is removed, and care be taken that the joints are not damaged,
as the caps must be maintained steam tight.

After passing through the oil fuel valve, the oil flows to the
burner, which is mounted in a small chamber in the front of the
firchox. The bottom of the firebox is made in the form of a trough,
about 18 in. wide, running longitudinally, with the burner at one
end, and the ** flash wall,” beneath the firchole door, at the other.
The trough, which forms a flame path, is carried on a steel plate
floor, and is lined on the bottom and sides with speeial firebricks :
the foundation ring is covered by the side walls.  Air is admitted
through ducts in the floor from the firepan below, and is regulated
by dampers operated simultaneously by the hand wheel of the
damper control (26) in the cab. The flame issues from the sides
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of the trough, and is drawn upwards and over the brick arch by
the draught induced by the smokebox vacuum. The plates sur-
rounding the firebox door joint are protected by metal shields.
The special hinged door is also protected on the inside by a shield.
An opening is provided in the door for lighting the burner, cleaning
away any deposit which might form, and for inspecting the flame.
This opening is covered by a swivelling plate in which a piece of
heat-resisting glass (23) is mounted.  The main firchole door
must not be opened when the flame is alight.

The funetion of the burner is to atomise the oil by means of a
steam jet, and inject the oil in this state into the firebox. It
consists of an upper chamber, to which oil flows from the fuel
valve (18), and a lower chamber containing steam, the pressure of
which is controlled by the burner steam valve on the engine
manifold, and indieated on the burner steam pressure gauge.
The two chambers terminate in orifices, one above the other.
Under the influence of gravity and draught, oil flows from the
upper orifice on to the ribbon of steam, which issues at high
velocity from the lower orifice, and eatehes up and atomises the
oil, and injects it into the fircbox. The lower orifice is wider than
the upper orifice, and is only .03 in. deep.

The following procedure should be adopted for lighting up
and raising steam :

(a) Ensure that the boiler steam valve (13) and all other valves
of the equipment are closed.

(b) Couple the 24-ft. flexible steam pipe to one of the auxiliary
steam conneetions (21) and to the external steam supply.
which may be obtained from the boiler washing steam
mains or from the injector or train-heating pipe of a
nearby engine in steam.

(¢) Open the auxiliary steam valve (20) to admit auxiliary
steam to the engine manifold.

(d) Open the tender heater valve (17) on the engine manifold.
and, in cold weather, open the valve (2) on the tender-
heating manifold to admit steam to the side coils. The
heating process should be allowed to continue until a
temperature of about 130 deg. is registered on the
thermometer (6). when the valve (17) should be adjusted
to prevent a further rise in temperature.  In no case
should the temperature exceed 160 deg.  The flame can
be lit when the temperature is only 110 deg., but a
higher temperature is recommended because, owing to
the demands afterwards made on the auxiliary steam
supply by the burner steam and the auxiliary blower,
the steam feed to the heating coils may be reduced
sufficiently to cause a drop in the temperature of the oil.

(¢) Open the dampers by the damper control (26) until the
indicator shows about one quarter open.

(f) If the brickwork in the firchox is new and * green,” it may
be necessary to light a small wood fire on the floor of
the fircbox, so that the burner will not go out and drip
oil into the firepan.  Under normal conditions, the burner
may be lit by using oily waste, as deseribed in (j) below.
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() Open the oil feed cock (7) on the tender, and give the
handle of the filter (8) a few turns in each direction.

(h) Partly open the auxiliary blower valve (15). This is
essential,

(/) Open the burner cleaner valves (19a) and (196) for a fow
seconds to clear the oil chamber and warm the burner,
and then elose both valves tightly. These valves must
be kept closed when the burner is in operation.

(7 ) See that the firehole door is securely closed, and, if a wood
firc has not been used, insert some burning oily waste
through the inspection door with the rod provided.
Hang the waste a foot or so in front of the burner, but
slightly above and to one side of the line of the jet.
This enables the burner orifices to be observed by the
light of the burning waste and avoids extinguishing the
waste when the burner steam is turned on.

(k) Open the burner steam valve (16) until a pressure not less
than 10 Ib. per sq. in. is registered on the burner steam
pressure gange (22).  Allow several seconds to elapse
before the next operation, to clear the burner steam jot
of water.

(f) Test the pressure of the auxiliary steam supply by opening
the burner steam valve (16) until about 20 Ih. per sg. in.
can be obtained and held with the anxiliary blower (15)
and tender heater valve (17) sufficiently open. Do not
proceed unless this is possible, otherwise oil will spill
into the firepan and on the floor of the firebox. If
satisfactory, adjust the burner steam valve (16) again
to 10 1b. per sq. in. on the burner steam pressure gauge,
[t is most important that the pressure of the boiler
supplying the auxiliary steam should be maintained from
this point onward.

(m) Slowly open the oil fuel control (12). at the same time
observing the oil outlet from the burner through the
inspection door (23). When oil is seen to arrive at the
burner oil orifice, the jet should ignite almost im-
mediately, and the oil control (12) should then be eased
back gradually until the flame tends to 2o out, when
it should be opened slightly until a steady flame is
obtained.

Do not flood the firepan by opening the oil control
too far before the jet ignites. An accumulation of oil
in the pan is liable to ignite there later on, and an
aceumulation on the floor of the firebox will form a hard
deposit when the firebricks become very hot. The fuel
valve is open slightly at about 20 deg. on the quadrant
of the oil control, i.c., at the setting of the ** stand-by **
flame marked by the hinged stop, and this should be
taken as a guide.

(n) Adjust the blower steam, burner steam. oil flow, and
dampers to maintain a low flame to avoid damaging the
tubes, stays, and superheater elements by raising steam
too rapidly.  The time taken to raise steam must not be

OIL-BURNING LOCOMOTIVES 471

appreciably less than for a coal-fired engine in the same
circumstances.

The burner steam pressure may be allowed to increase
gradually to about 18 to 19 Ib. per sq. in., when the
change-over to boiler steam can be effeeted.

(¢) When the boiler pressure has reached 70 to 80 Ib. per sq. in.,
the auxiliary steam supply may be shut off. To do this,
first partly open the boiler steam wvalve (13) on the
fountain, and immediately shut the auxiliary steam
valve (20). Then open the valve (13) fully, and adjust
the burner steam pressure and auxiliary blower, if
necessary. The changeover should take place perfectly
smoothly. Should the flame go out and fail to ignite
from the hot bricks immediately, turn off the oil supply,
and turn on the main blower fully for several seconds,
to get rid of the combustible gases. Then relight with
oily waste as previously deseribed. If this procedure is
not adopted, there is a risk of the accumulated gases
exploding in the firebox with enough violence to cause
injury. It eannot be emphasised too strongly that the
auxiliary blower valve (15) must be open to create
sufficient draught when rvelighting the burner after
shutting down temporarily.

In an oil-fired engine, the fuel is consumed almost at the
instant of its injection into the firebox, and no time lag is per-
missible in adjusting the fuel supply to the steam demand. The
exhaustion of the steam admitted to the eylinders provides
sufficient air to support the rate of combustion demanded, but,
to attain that rate, oil in sufficient quantity must be fed into the
firebox, up to the limit imposed by the rate of air supply. This
part of the eycle is not automatic in the oil-fired engine. It
depends entirely on the fireman following up the steam demand
by the adjustment of the oil feed, and in this respect he has to
be particularly careful, especially during periods when the engine
is working hard. Lapses on the part of the fireman result in a
fall in boiler pressure which may be very difficult to overcome.
A tendency for the boiler pressure to fall must be checked im-
mediately by inereasing the oil feed, and it must be noted that the
boiler pressure must not be allowed to fall much below the
maximum working pressure. The water level must be maintained
within close limits, if necessary, by using the injectors little and
often. The auxiliary blower may be used to assist the fireman in
maintaining this condition, but it must never be used any more
than is necessary while the regulator is open. In an emergeney,
the main blower is available, but it must never be used when the
regulator is shut. The normal measures for recovery, adopted
with coal-fired engines, are not possible to the same extent, and
must be avoided. Engines must approach a stop in a condition
suitable for restarting.

When the regulator is closed, the air supply produced by the
exhaust at the blast pipe ceases. The auxiliary blower must then
be in operation to supply sufficient air to maintain combustion,
and the oil feed must be reduced in accordance with the reduced
air supply, as an excess of oil produces black smoke.
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Close co-operation between driver and fireman is essential.
So far as possible, the driver must warn his fireman of any change
he is about to make in the engine working. This applies equally
to increases and deereases in steam demand, and particularly to
the sudden closing of the regulator. The fireman must maintain
correet combustion conditions, and adjust these in accordance with
the steam demand, which will vary with the speed and the setting
of the regulator and reversing gear.

Alterations in steam demand usually may be anticipated by
following the movements of the driver and by watching the road.
Correct combustion conditions ean be judged by the colour of the
exhaust, which should be brown at the chimney, and the colour
of the flame as viewed through the inspection door. The flame
then should be of a distinetly yellow hue, with traces of orange
round its edges. Tt should be smooth and voluminous, and the
oil should burn with a steady muffled sound.  Black smoke should
be absent.

When the regulator is closed, the first movement should be to
open the auxiliary blower valve ; indeed, it is an advantage to
open this valve before the regulator is closed. The oil control
must then be brought back towards its stop. the burner steam
pressure reduced accordingly, and the dampers set to a small
opening.  The oil feed should not be reduced too rapidly after the
regulator is elosed. If this is done before all the steam is exhausted
from the eylinders, excess air is drawn into the firebox, and this
results in the formation of obnoxious light blue smoke. Damage
may be done to the boiler and superheater when an excess of air
is admitted.

With a properly designed flame trough in the firchox. it is
not possible, at other times, to admit air much in exeess of the
proper requirements, but it will be found that a slight adjustment
of the dampers produces the best combustion conditions. The
dampers should always be set at a small opening when a low oil
feed is being used, and must always be elosed when the oil is shut
down.

Svery setting of the oil control requires a co ponding
burner steam pressure.  Since the size of the steam orifice of the
burner is fixed, the greater steam flow necessary to atomise a
greater oil flow can be obtained only by increasing the steam
pressure.  For the same reason, a reduction in oil feed must be
accompanicd by a reduetion in steam pressure.  This must be
borne in mind when standing by, especially in a station.  If the
pressure is too high, the low flame will be elear, noisy, and pul-
sating, even if the dampers are properly adjusted. The noise is
irritating, and can be avoided by reducing the burner steam to a
pressure of not less than 10 1b. per sq. in.  Both the oil flow and
the burner steam pressure must vary with the steam demand.
There is no fixed * running position ** either of the oil control or
of the needle of the burner steam gauge.

If the burner steam pressure is too low, the oil flow from the
burner does not become  divided finely. Comparatively  large
drops then fall cither on the hot brickwork, where they rapidly
build up a hard deposit, or through the air ducts into the firepan,
where an accumulation might ignite subsequently. A sign that

LOCOMOTIVIES 473

OIL-BURN

the burner steam pressure is too low for the oil !Im\_’ 18 given |)‘\.-' the
persistent. blackening of the glass in the inspeetion (lns)r ”.f the
firchole.  If this door is opened, drops of unburned oil w.l|| be
ejected.  On the other hand, if the burner steam pressure is too
high for the oil feed and draught available, the firchole door may
hecome overheated, and the protection shields burned. )

The partial choking of the steam orifice of the hurm-r \ylll
result in failure to steam. A sign of this taking place is a high
mound of deposit building up on the firebox floor in line with the
obstruction. Trouble from this source arises usually from a dirty
bailer, but it ean be eliminated by proper inspeetion and cleaning
of the burner at every washout.

Both the smokebox door and the firchox door must be kept
closed while the flame is alight, and the burner steam pressure
must not be allowed to fall below 10 1b. per sq. in. while the burner
is in operation. It should be noted that the auxiliary blower
must always be in operation when the regulator is closed. .

The term * standing by ' covers the periods when the engine
is at rest under steam, and these may be on a running line, in a
siding, or at the shed. When the engine is standing on a running
line, the flame must not be extinguished, except for temporary
examination of the burner, beeause it is essential for the locomotive
to be ready to move at a moment’s notice. The controls must
therefore be set to give as low a flame as possible consistent with
the maintenance of hoiler pressure.

When it is necessary for an engine to stand by in a siding or
in a shed for an appreciable time, with sufficient head of steam to
enable it to move off at short notice, steam may be maintained
by intermittent firing with the oil burner. This must be done
with care, and the boiler pressure must not be allowed to fall so
low that the burner cannot be relighted with boiler steam.

If the fame is extinguished momentarily  for inspection,
nsually it ean be relighted from the hot brickwork.  If the (lame
does not ignite immediately, the oil supply must be turned off,
and the main blower turned on fully for several seconds, 1o get
ridd of the combustible gases,  The burner should then be relighted
with oily waste.  If this procedure is not adopted, there is a risk
of the accumulated gases exploding in the firebox with enough
violence to eause harm. It eannot be emphasised too strongly
that the auxiliary blower valve must be open to ereate sufticient
draught  when  relighting  the  burner  after  shutting  down
temporarily.
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APPENDIX 2
THE LOCOMOTIVE BOOSTER

The capacity of a locomotive is limited by the load it can start,
and once the load is in motion it ean easily be handled at speed.
It has long been recognised that some form of auxiliary power
available for use at the eritical moment of starting and also
when ascending heavy grades, would increase the ecapacity,
i.e., the tractive effort, of the locomotive. It was the need of such
auxiliary power that led to the development of the locomotive
booster, which provides an additional draw-bar pull not only at
the eritical moment of starting, but for many other emergency
demands.

The booster is self-contained, and has a flexible mounting
in the form of a three-point suspension. It is designed for
applying power to the trailing or tender wheels in the forward
running direction only, and is operated by superheated steam from
one or both steamchests of the locomotive, or direet from the
live-steam side of the superheater header.

Briefly, the control system funetions as follows :—

With the idling valve in the running position, when the lateh
is raised to eut in the booster, air from the brake valve or the
main reservoir line, or steam when the steam control is fitted,
passes through the lateh valve and simultancously to the cluteh
cylinder (which earries the idler gear into the meshing position)
and to the preliminary throttle valve.  After the preliminary
throttle valve has opened, a small amount of steam passes to the
hooster engine for turning it over slowly to mesh the gears and to
apply a slight torque to the trailer axle.  When the gears are fully
in mesh, air or steam, as the case may be, passes through the
cluteh eylinder to the throttle operating eylinder which opens the
hooster throttle.  After the locomotive throttle has been opened
and sufficient steam pressure has built up in the booster steam
inlet pipe, it passes to the delay action valve and past the
adjustable needle valve to the eylinder cock operating eylinders,
which allow the eylinder cocks to close.  When the lateh is knocked
down to cut out the booster, the air supply from the brake valve
or the main reservoir line, or steam from the boiler, is cut off at
the lateh valve and the power in the entire control system is
released to the atmosphere through ports in the lateh valve and
cluteh eylinder, allowing all control parts to return to their release
positions with the gears out of mesh.

The booster lateh is secured to the reversing lever of the
locomotive, the method of fixing varying with the type of reversing
gear. The lateh valve is secured to a bracket at the forward
gear end of the reversing gear, in such a position that when the
lateh is lifted it engages with the spring cage—Fig. 269 gives a
typical latch arrangement for a serew reversing gear. When the
serew gear indieator block is moved back to a point where the
hooster lateh will not engage with the spring cage of the lateh

THE LOCOMOTIVE BOOSTER 475

valve the latch drops down, automatically releasing the steam
in the control, and disengages the booster. The point of dis-
engagement of the lateh or lateh lever for the long cut-off engine
is about 66 per cent. of the locomotive cut-off ; and for the
limited cut-off engine about 55 per cent. cut-off ; that is 66
and 55 per eent. of the locomotive piston stroke. The latch may
be disengaged from the spring eage of the lateh valve at any
time, by knocking down the lateh.

It is always advantageous to idle the booster before cutting
in. This is evident when the locomotive has been standing in
the engine shed, or when starting the train from the terminal or
station stops, but it may not be considered as important at other

AR AA A L

TS

M. 260.—Tyrican Booster ConNTROL LATCH ARRANGEMENT
AS USED WITH SCREW REVERSING (GEAR.

points on the run, such as when approaching a grade. Tt is
nevertheless particularly advantageous at this time, since the
quick response with full booster power is wanted when it is cut
in. This is obtained if the booster has been idling while approach-
ing the grade, as the eylinders and pipes will have been warmed
and the steam from the preliminary throttle valve will he sufficient
to turn the booster over fast enough to allow the gears to mesh
properly at the running speed of the locomotive when the booster
is cut in.

The average inerease in the tractive power of the locomotive
when the booster is fitted is 20 per cent., with a maximum of
perhaps 30 per cent.  An example from actual practice may be
cited. The tractive effort of the main eyvlinders in the case of the
L.N.E.R. 2.8-2 type heavy freight engine with tender, class P. 1,
caleulated at 85 per cent. of the boiler pressure is 38,500 1b,
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With the booster in action this is inereased to 47,000 1b. g,
270 illustrates a locomotive of the 4-4-2 type, LN.E.R. (N},
Section), rebuilt and fitted with a bogie placed behind the coupled
wheels under the cab, This bogie is fitted with a booster engine
having a gear ratio of 1 : 1, which enables the booster to operate
usefully at a speed of 30 m.p.h. It is steam controlled and can be
“eut in 7 at any speed up to that mentioned.

APPENDIX 3
GOODALL ARTICULATED DRAWGEAR

Of the many problems elaiming the attention of locomotive
designers, not the least important is that of providing an efficient
coupling between the engine and its tender.  What is aimed at
is inereased steadiness in riding and freedom from unnecessary
resistance, but these cannot be achieved unless there is first of
all unyielding firmness in the connecting joints and freedom from
undue restriction to natural movements of the engine and tender.
To meet these and other requirements, the Goodall articulated
drawgear (illusteated in Fig. 271) has been designed and fitted
to a very large number of locomotives operating in various
countries. It provides a machine-finished and aceurately articu-
lated connection between the engine and tender, ensuring absolute
stability under all conditions. It is practically frictionless in
operation, and experience has shown that it exercises complete
control over the lateral movements arising on curves. In this
gear, connection is made by means of a substantial bar fitted
at each end with a spherical joint, and the whole fitting is so
construeted as to combine the engine and tender as one articulated
vehiele with a common inertia, allowing every natural movement
in either unit to be made with ease and smoothness,

There is no gearing of any sort between the buffer beams
where the most destructive action takes place.  All the working
parts ean readily be lubricated from the footplate, either with
grease or oil, and the coupling can be run for many thousands
of miles without adjustment of any kind. When, after long
intervals, adjustment becomes necessary, it can easily be made
by means of a liner forming part of the gear.

The distance between the centres of articulation is absolute
under all conditions, and there can therefore be no slackness at
any time between the engine and tender., In the CGoodall
drawgear any retarding foree arising from a check to the engine
speed must pass through the axis of the bar, direet from one
point of articulation to the other, putting the bar in momentary
compression.  As the ends of the bar can only move radially
and with a relatively long swing, and as the bar cannot he
relieved completely of compression until it resumes its alignment,
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sudden slips from side to side are impossible, such movements
must be gradual and easy. Lateral movements are, therefore,
smoothly and naturally controlled without the use of springs or
other friction devices. Sinee there can be no slackness at any
time in the joints, shocks and disturbances arising in either
vehicle are absorbed in the whole mass, and steady riding is
assured. 1

LuBRricaToR

%k

Gorsmmrrsgg o oper e - B %

Fic., 27L—Derans or Goobann ARTICULATED DRAWGEAR
ror Locomorives (Bourep Parrers).

The gear is made in standard sizes suitable for locomotives
ranging from the smallest to the largest and most powerful
types.  Two methods of securing the drawgear to the loco-
motive and tender dragboxes are employed. One is known as
the bolted type, and the other the wedge type. The first is
secured by bolts to a suitable facing on cach draghox, and in the
second, the gear is secured to the draghox by wedges, which
permit the whole seetion to be removed complete when the wedges
are withdrawn.  The wedges are held in position by bridge picees
which also serve as a ready means of withdrawal. The illustration
shows the bolted type.

LOCOMOTIVE CABS AND FITTINGS 17

APPENDIX 4
LOCOMOTIVE CABS AND FITTINGS

An air of Spartan simplicity characterised the locomotive
footplate and its fittings in the earliest days of railways. No
attempt whatever was made to provide even the most elementary
protection from the weather for engine crews; and indeed the
history of the locomotive cab rather supports the view that if
any such attempt had been made it would have been viewed with
suspicion and even hostility rather than given the welcome that
might be considered natural. In those days toughness was one
of the prerequisites of enginemen, and was, from the company’s
viewpoint, probably a more valuable quality than finesse in the
art of running a locomotive and train.

As footplate fittings gradually increased in number, and in the
quality of workmanship embodied in them—and hence in their
total intrinsic value—it became desirable, however, to provide
general protection of the footplate. With the change from coke
to coal as fuel, engine-driving became more and more a skilled
art, and it was realised that better results could be expected if
a man were not being distracted by, say, sleet or rain, particularly
with the general increase in speeds of main-line trains. Added
to this, as already mentioned, was the increased service to be
expected from the equipment on the footplate as a result of
screening it from the worst effects of the weather.

In 1860, when coke was being superseded by coal as fuel, and
when devices such as injectors and water pick-up gear were
beginning to appear, the first really notable cabs, with roof and
side sheets, made their appearance in this country on some 4-4-0
engines designed by William Bouch for the Stockton & Darlington
Railway. These cabs were rather reminiscent of contemporary
American practice, and made an impressive contrast with the
meagre spectacle plate that was the only protection available on
other British engines of that time. In the different climatic and
other conditions of North America, cabs had been introduced in
the U.S.A. in the forties, and by the fifties had become general.
In Great Britain their use spread slowly, and as late as 1873
there were engines without any form of protection. Mostly,
however, a bent weatherboard was adopted during the sixties,
and gradually was provided with sides to form a small cab. In
1886 the modern form of side-window eab was introduced on the
North Eastern Railway. In recent years the principal improve-
ments in the cab itself have been the provision of cushioned
seats, the fitting of plate glass side shiclds to protect the look-
out, and automatic wipers for the cab windows.  Lighting remains
inadequate, excepting on comparatively few modern engines.
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From the enginemen’s point of view, one of the most important
things about a locomotive is the design of the eab and the arrange- 9 10
In modern practice the cab is usually

ment of the fittings.
commodious, with the controls arranged so as to be easily aceessible , \ "~
to the driver's hand.  Improvements affecting the work of the A i . TNl 4]
firernan have also been introduced. e : ., o
The illustrations on this and succeeding pages, together with s o = JUIRSE<s
the accompanying text, will serve to bear out this statement. [ Samn s
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FiG. 273.—ARrraANGEMENT oF FooTrLaTE FrrriNas :
G.W.R. “Kmvg " (CLass LocomorivE.

Fra. 272.—View or FoorrLate axp Frrrises :

GW.R. * King " Crass LocoMorive.
1. Damper controls. 1. Vacuum gange
2 (Y rateri ook 0 Baai 1
2. t‘m\l-“nh.u_ng cock, 12, Ejector steam valve.
3. |‘::‘illlllﬁl injector control, 13, Ejector air valve.
+. Firehole doors. 14, Blower valve.
3. ‘." ater gnuge. 15. Regulator handle.
6. Steam-heating pressure gange, 16, Lubricator,
1

. Steam-heating valve, 7. Reversing handle
Boiler steam-pressure gauge. I8. Tip-up seat. '
Y. Exhaust injector live steam valve. 19, Sanding-gear levers
10. Right-hand injector live steam 20, .-\llllilll(“"H:i’.{llil”ill"il’]l[lul"llll“
valve. 21. Cylinder cock lever, o
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8,
0
10,
11.
12

I, 274.-
LMS.R. ¢

Regulator handle,

. Main steam valve for steam supply

stand.
Live steam

injector.
Live steam pipe to injector.
Exhaust steam injector,

valve to exhaust steam

. :\uxilinr'\' steam pipe from steamehest

to injector,
Ixhaust steam pipe to injector,
Water-feed pipe to injector,
Delivery pipe from injector to hoiler,
Overflow pipe from injector.
Water-control gear for injector.
Steam valve to live steam injector.

482

View o Foorrrare Frerisas :
X" Cass LocoMorive.

Live steam pipe to injector.

Live steam injector,

Water-feed pipe to injector.

Delivery pipe from injector to hoiler.

. Overflow pipe from injector.

Water-control gear for injector,

. Stop valve to ejector steam valves.
. Small ejector steam valve.

Large ejector steam valve,

. Combined large and small ¢jector,

Vacuum gange.
Driver's brake valve.

5. Train pipe.

Steam brake pipe.
Steam brake evlinder lubricator.

5
%),
30.
31.

32.

33,
a4,

35,

BN
37,
38,
39,
10.
41.

42,

J7 4

[
o W
o O
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29+
52
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Fra. 27

LALS.R. ¢

Drip valve for train pipe.

Train pipe connection to tender.

Steam pipe to engine brake eylinder.

Steam brake pipe connection to tender.

Stop valve to carriage-warming re-
ducing valve.

Carringe-warming reducing valve.

Carriage-warming pressure gauge.

Carriage-warming hose-pipe connection
to tender.

Water-gauge cocks,

Stop valve to sanding valve,

Steam sanding valve.

Sand pipe to trailing wheels.

Sand pipe to leading

Steam valve for boiler-pressure gauge.

Boiler-pressure gauge.

wind driving wheels.

13,
44.
45.
16,
7.
48.
49.

D —ARBANGEMENT OF Foorrrare Frrrixcs :
5 X" Crass LocoMorive.

Whistle valve.

Whistle handles.

Blower valve.

Steam valve for sand gun.
Sand gun hand-operating wheel,
Steam pipe from steamchest to sand gun.
Sand hopper for sand gun.

. Continuous blow-down valve.
. Steam pipe from steamchest to blow-

down.
Blow-down pipe to tender.
Reversing screw handle.
Cylinder drain cock handle.
Driver's seat.
Firehole door.

. Coal-watering cock.

Ashpan handles.
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1G. 276,—2-6-2 TyPe Mixep-Trarric LocoMOTIVE No. 4800, The Green Howard, L.N.E.R.

gineer.

A
4

iief Mechanical T

rl"h]l‘.\'.

The late Sir Nigel (

2 ewt.

, 144 tons

Cylinders

33 ft

6.
%
8. Steamchest pressure gauge.
0.
10.
1.
12.
13.
14.
15.
16.
17.
18.
19,

o= =ND
Bl ==

Fia, 277.—ArraNcEMENT 0¥ Foorprate Frerinas :

LN.ER. “A4”

I. Regulator stuffing-box.
2. Regulator handles.

3.
|
51

Water gauges.

. Blower valve.
. Combined steam and delivery

valves.
Stop valve for steam stand.
Duplex vacuum gauge.

Boiler-pressure gauge.
Carriage-heating pressure gauge.
Vacuum ejector.

Reversing screw handle.
Reversing gear clutch lock.
Steam sand valve.

Water control for injectors.
Sand-gear lever.

Cylinder : cock lever.
Speed recorder,

Drop-gate screw,

20,
21

22,
23.
24,
25.
26.
27

28.

29,
30,
31.

32.
33.
34,
35.

36.

485

('Lass LocoMoTive.

Cut-off indicator.
Enginemen’s seats.

Steam sand supply valve.
Ejector steam stop valve.
Blank.

Blower stop valve.
Pressure-gauge stop valve.

. Carriage-heating stop valve.

Mechanical lubricator warming
valve.

Firebox door.

Washout plugs.

lemote control for water-gange
cocks.

Carriage-heating safety valve,

Coal-watering cock.

Whistle control.

Damper rod.

Handholes.,



Fra. 279.—ArraNGEMENT 0F Foorrrare FreTiNes :
Sovrnery Rarnway “ Scnoors 7 Cnass LoCoOMOTIVE.

Vacuum ejector steam valve. 10. Water regulator, exhaust

. Sight-feed lubricator steam valve, injector.

. Train-heating steam valve. 1. Feed-cock spindle.

Live steam injector valve lever. 12, Whistle wire,

. Exhaust injector steam valve lever. 13. Cylinder drain cocks lever.

. Steam to clutch valve. 14. Ashpan front damper lever,

. Steam to pressure gauge. 15. Sanding valves lever.,
Reversing shaft clutch valve 16. Ashpan back damper lever,

9. Blower valve handwheel. 17. Whistle lever.

e, 278.—View orF FoorrraTe Frrrxes:
SovTHERN RAatLway * Scmoors ” Crass LocomoTive.

4806
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l"It".. 23('.—'\’11:\\‘ oF Foorrrate Frrrines :
GrEAT NORTHERNY RATLWAY (IRELAND).

(Three-Cylinder ( ‘ompound Locomotive.)

Regulator handle.
Water-gauge glasses.

. Combination injectors.

. Steam sanding cock.

. Steam-heating cock.

. Steam-heating reducing valve.
. Coal-watering cock.

8. Tube-cleaning cock.

9. * Dreadnought ™ vacuum ejector.

10. Vacuum  ejector  steam-cock
handle.

11. Vacunm gauge,

12. Steam-heating gauge.

13. Boiler-pressure gauge.

188

4.
15.
16.
17.
18.
19.

Fic.

Receiver gauge,

281.—ARRANGEMENT 0F FoorPLATE FrrriNes :
GrEAT NORTHERN RAiLway (IRELAND).

(Three-Cylinder Compound Locomotive.)

20. Back damper lever,

Whistle lever. 21, Blower wheel.
Reversing handle. 22. Staff holder.
Firedoor. 23. Kettle tray.
Cylinder drain-cock lever. 24, Driver's seat.
Front damper lever. 25. Fireman's seat.

16 A

489
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F1G. 283, —ARRANGEMENT OF FooreraTe FrrriNes:
4-4-0 Tyre Locomorive, Coras lompair EIREANN.

1. Vacuum gauge. 10. Washing-out plugs.

2. Whistle valve. 11. Exhaust steam injector.
3. Brake ejector valve. 12, Brake application.

4. Sanding valve. 13. Shelf.

5. Steam-heating valve. 14. Steam sanding valve.

6. Pressure gauge. 15. Reversing wheel.

7. Live steam injector. 16. Firedoors.

8. Regulator. 17. Steam-heating reducing
9. Water gauge. valve.

Fie. 282.—View or FoorrraTe FrrriNes :
4-4-0 Tyre Locomorive, Coras ToMpaiR FIREANN.
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Advantages of superheating ... 257

Air-cooled gland packing w203

Air pump ( Westmglmusc) 1
— relief valve ... . 192
— reversing gear we 172

— supply, regulation of ... 38
Allan or Trick valve ... .. 178

Angle iron for tubeplate e 76

Angle of advance . 226

Anti-carboniser, ecylinder and
steamchest ... e 354

Anti-vacuum valve oo 281
Arch, brick w8

X Area, grate o *i sz 078
Arrangements of whecls . 11
Articulated drawgear ((mmlnl]) 477
Articulated locomotives . 18
Ash disposal ... ¥ O
Ashpan ... w8
Atomiser cylmdcr Tubrication ... 363
Audible signals ... 31

| Automatic steam brake mha 314
Auxiliary  application  valv, e,

brake 304
Axlebox lnbrtmuun l"-i [.}‘l l.§4 370
Axleboxes =5 A 123
Axleboxes for bogie ... oo 181
Axleboxes—

G.W.R. e 128
L.M.S.R. w128
L.M.S.R. (bogie) e 128
L.N.E.R. {drlvmg) e 126
S.R. e 128
Axle ]uurnals i 145
Axles and wheels I4-:, l-lB 280
Axles, ecrank - 146
Axles, driving ... l'is 145
B

Balanced slide valve (Richard-

son) ... s 11D
Ball bearings ... e 134
Bearings, roller ... 126

Belpaire firebox ... es T
Big-end bearing ... . 219
Blast-pipe e 9L
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Blowdown apparatus

Blower or jet

Blower, soot o

Blowing down boiler

Bogie

— axleboxes .

— frame and nml(l](' plnt('ﬂ

Boiler s
— barrel .. wiw

— blowing down

— construction of
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— efficiency

~— examination on
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— washing out ...

— — — plant
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— water-tube (Yarrow (imslav) 120

Boiling point
Booking on oS 3
Booster, the Incomntue

Brake auxiliary upplu ation

61, 409
33, 381
474

valve 304
— combination (‘j[‘Llul’ 302
— direct admission mlw . 205
— ejector 204, 302
— hand ... . e 39
— horse-power (B H:P. ) 407
— operation 329
— proportional valve 333
— quick-service valve ... 297
— relief valve 304
— slack adjuster 335
— steam . o 310
—_— cmmmatmn on 441
— stopping distances 204
— testing : e 332
— train pipe 301, 331
— vacuum . 288
— — cylinder 288
— — examination on ... 435
— Westinghouse, automatic 315
— — eylinder . 328
— — examination on e 442
Brakes ... 287
Brakes, Board of Trade chula

tions for s, 287
Breakdowns, ommmﬂtmn on ... 449
Brick arch - 8
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Buffer beam, trailing ... v 130
Buffer plates ... e 140
Built-up erank axles ... e 146
C
Cab 140, 479
Cab fittings e 479
Caprotti valve gear ... v 187
Carriage-warming cock ... e 04
Centigrade thermometer v 1762
Chart, speed s 385
Chimney ... v 74,93
Churchward * mp-fuml g ... 68
Classification of trains ... w20
Cleaner, passed, duties of e 33
Cleaners, duties of 1
Cleaning fires ... ol Y |
— plant, spray ... ws b b
— tubes ... l +H
Clearing House Ru](w ...'n ‘17‘!
Clothing plates ... .. 118
Coal, combustion we 19D
— ignition temperature of ... 35
— watering of ... e M
Coaling plants, mechanical ... 41
Coal-recording mechanism e 42
Coasting or drifting position of
reversing lever e 137
Collector, steam ... .. 87
Combination ejector ... e 302
Combination stand e M
Combustion e 35
(nmpuuml efficiency of the ... 248
—— expansion ... -
~ locomotives ... we 245
— —typesof ... 248
(nmpnumllng. ady nnmg(-u of ... 252
Compressed air sanding gear ... 142
Condensation, eylinder ... w192
Conductivity of metals ... .. 63
Connecting rod ... e 208
Connecting rods—
G.W.R. wa 211
L.MS.R. (outside) ... e 210
L.M.S.R. (inside) - |
L.NLE.R. (outside) ... e DT
L.NLE.R. (mnul() s 218
SR, L. e 200
Coupled engines .. 12, 151
Coupling or side rods ... I 5
Coupling rods—
GLWLR, e 156
L.MS.R, e 153
L.N.E.R. . w157
L.N.E.R. (A4 C Iu-.s) .. 158
S.R, iy Ve AR 17)
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Cowl or petticont 03
Cranes, locomotive water e 283
Crank and valve positions 225, 304
Crank axles v 4G
— built-up ... . 46
- pins 148, 208
Crosshead 205
Cut-off, economy and (-llu e m Al
of . o . 241
Cylinder vashnp : s 136
— clearance and mmpn ssion ... 240
— condensation .. o 192
~ draincocks ... e 195
— for steam brake e 310
— for vacuum brake ... .. 288
— for Westinghouse brake ... 328
— lubrication, atomiser e 363
— ratios ... e 248
— relief valve ... e 1956
Cylinders, engine : e 174
Cylindrical or piston valve ... 180
D
Dart, use of s, 08
Data, locomotive . 407
Deflector or scoop ioe “ 8
Dengity and pressure of water 6l
Dengity of steam e 02
Diagram drawings—
4—6-0 “Castle ™" Class, GOW.R. 495

2.8.2 tank engine, Class 7200,

G.W.R. 496
4-6-0 express loc nmnll\(‘ & lnss

5XP, LMS.R. ... . 497
2.6-4 tank engine, Class 4!’

LMS.R. .. 498
4-4-2 express loe -omotive e, Class

Cl, LN.E.R. 499
2-6-2 tank engine. Class \J

L\ ER. ... S
4-6-2 * Merchant Navy y' 'la».-.,

Southern Railway . we 001

0-6-0 freight ]m-umuii\'(-. Q1
Class, Southern Railway ... 502

Diagram, indicator e 237
Direct admission valve, brake ... 205
Distances, brake Slnpplllf.. . 204
Dome ... - e 19
Draincocks, ¢ vlmdor e 195
Drawgear, articulated ... we 477

Drifting or coasting position ul'

reversing lever e LT
Driver's brake valve .. .. 318
Driving axles ... 138, 145
Duties of cleaner 1
— of driver . 381
— of fireman ... T ]
of passed cleaner ., S 5
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E Engine illustrations—contd,
4-6G-0 passenger  locomotive,
Eceentrics 163 Coras lompair Eircann 471
Efficiency (lrijullll‘ 73 0-6-0 goods engine, J39 Class,
Efficiency of cut-off 241 1 L.N.E.R. e BTR
Efficiency of high-pressure steam 4-6-0  locomotive, = Castle ™
119, 246 | Class, GOW.R. e 370
Efficiency of the compound 248 | 4-6-0 locomotive, Bl Class,
Ejector, combination 302 | L.N.E.R. 3 .. 380
— for steam sanding .. 141 | 4-6-0 mixed - traffic engine,
— vacuum o 04, 204 Southern Railway . . 406
Elements, superheater ... 262 Four-cylinder 0- 10.0 hrmkmg
l~..||gmc framing . 123 engine, LM.S.R. 417
Engine lllustmhmln‘— 4-4-0 express passenger loco-
Streamlined 4-6-2 three-eylin- ‘ motive, LN.E.R. ... -llll 418
der locomotive, L.N.E.R 53 Nun-st-ron mlined 4-6-2
4-6-0 ** Lord Nelson ™’ (3|nas, ‘ * Duchess "' Class (-ngim-.
Southern Railway ... see DA | L.M.S.R. 426
4-6-0  type * Hall™" Class Six-eylinder 2-8-0 4 0- 8-2 Gar-
locomotive, G.W.R., con- ratt locomotive, L.N.E.R. 447
verted to oil burning 59 4-4-2 locomotive, fitted with
2.8-0  type freight vngino. booster, LN.E.R. ... 476
LMS.R. ; 60 2~ﬂ-2 mixed - traflic  engine,
4-6-2  three-cylinder Tocomo- “The Green Howard™
tive, No. 2751, L.N.E.R. 71 L.N.ER. ... L. 484
4-6-0 Inummtivu No. 5372, L.N.E.R. engine No. 10000,
L.M.S.R. 160 before and after conversion 493
0-6-0 type freight lnmmntlu- Engine testing 304
Q1 Class, Southern Rail- Engines, coupled 12, 151
way ... ... 161 | — inside cylinder 11, 174
Four-cylinder 4.6-0 express — ontside eylinder 11, 174
engine, * King " (‘-lnsu. — saddle tank 11
G.W.R. o 223, 448 | — tank 11
Four-cylinder  2-6- 04062 — tender o 11
Garratt locomotive, Erection of engine e G
LM.S.R. coo 224 | Erection of framing 123, 136
Streamlined 4-6-2 type loco- Estimate of speed 384
motive, * Merchant Navy "’ Examination for drivers on—
Class, Southern Railway ... 231 Boiler ... . 419
4-6G-0 type express engine, Brake, steam ... 441
SXP Class, L.M.S.R. 243 — vacuum . 435
Three-cylinder  4-4-0  com- — Westinghouse 442
pound  express  engine, Breakdowns 449
LMS.R. . e 244 Engine 427
Three-cylinder  4-4-0  com- Rules 411
pound, Great  Northern Examination for hrf-men i)
Railway (Ireland) ... «o. 247 | Exhaust pipe, vacuum ... 93
Turbine-driven 4-6-2 express — ports ... 192
locomotive, L.M.S. R 254 | — steam ... 92
4-6-0 express engine, * Sand- — — injector o
ringham ** Class, L N.E.R. 255 | Expansion, simp[(- and  com-
4-6-0 locomotive, = Lady of pound . 245
Lyons,” G.W.R. ... 277 | Experimental mp.uu- No. Iluulﬂ
4-4-0 locomotive, ** Schools ™ LN.E.R. . 120
(lass, Southern Railway ... 338
Streamlined 4-6-2 four-cylin-
der express engine, LM, S.R. 339 F
Three-cylinder  2-6-0 engine
for West Highland Line, Fahrenheit thermometer 62
l.N.ER, . e MO L Failure of injectors 112
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Feed, Churchward top 68 | Grate area “g;
Feed water, classification of ... 63 | Grease lubrication 133, 220
— — heater . 110, 112 | Grease separator we 110
~— — impuritics in 63 | Gresley valve gear - 169
— — pump 112
Ferrules, tube HE
Firebox, Belpaire " 77
—— front or door plnl(- 74 H
— inner ... s |
— sand gun I‘; Handbrake sy 30, 287
— atays ... 77 Hand-lamps and flags ... 27, 51
— tubeplate i ﬁnllll ]Iump signals 27, 51
— wrapper or outer plate 4 pad lampe o o7, LS
Fire (-l(-mnn;., a7 Header relief vnlve mlp:-rh(-amr 266
Fi 3 78 Heat, transmission or conduc-
Plromnn. duties of 33 tion of - 68
Fireman, examination for ab Heat, water, and steam e o (O]
Fireman, spare, duties of - 33  Hoater, foed water 110, 112
Fire, thickness of 37, 273 Eggll-prﬂsuum boilers ... ;e 120
Fittors® Tebourers 8 igh-pressure steam, efficiency
Fixed signals . o of ... 119, 246
Flags and hand- lmnpa 57 | Horse-power, brake (B.H.I") 407
Flexible stays " 37 | Horse-power, indicated (LH. I ) 407
Foaming or priming 63, 67 Hot-water injectors ... w104
Footplate fittings 141, 479 | Hydrostatic lubricator .. e 351
Footplate fittings—
“ King " Class, G.W.R. 480, 481
L.M.S.R. 5X Class 482, 483 1
L.N.E.R. A4 Class ... .. 485
“O(l::';-‘"r“ RMIWEY- Schools Ignition temperature of coal ... 35
Grmlfm Northe I ! 486, 487 Impurities in feed water . 63
Northern ( reland) Indicated horse-power (1.H. ]‘) 407
.(-.umpmm(l L e 488, 489 | Indicator 137, 407
Coras Tompair Eireann 4-4-0 — diagram = -.l'i" 407
P type ... ... 490, 4”_]_ — electrical R]‘K‘(‘d " 388
orced lubrication 5 | __ Q. W.R. speed 200
gorce‘,l tractive ... 151 [ _ gpeed . ; 385
oundation ring T Ings * el 2" g
Frame plate, bogic 1y | s w0, 0y BB
= ;?a:g:etchcr :gg — exhaust steam .. 108
A8 oo 2 | — failure of 2
Framing, engine e 123y wul(;;r 104 ][(I]')
— erection of ... 123; 188" | — flivesteam .. . * 100
; tender . 279 | starting the ... s B8
riction of slide valve ... 228 | Tnner firebox 76
gront or door plate, firebox ... 74 | Inside admission plstnn valves
ront tubeplate ... 76, 139 292, 403
Furness lubricator w36 | Inside eylinder engines .. Il' 174
Instructions for npemtmg lubri-
cators S e 309
G
Gauge cocks 095
— glass ... 95 5
— — fittings 95
— — protector ... 95 | Jet cock ... e 9B
Gearbox, reduction 189 | Jet or blower ... . 03
Girder stays ... «o 77 | Journals ... e 146
Gland - <o 199 | Joy's valve gear 163, 233
Goodall a lculated drawgear <. 477 ' Jumper blast-pipe we 02
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PAGE | PAGE
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Labourers, fitters’ 8 | Packings, air-cooled 203
Laminated springs 149 | — gland 199
Lap of valve 226, 408 | — metallic 199
Lead of valve 226, 408 | Petticoat or cowl : 93
Lentz valve gear 182 | Pick-up apparatus, water 280
Link motion 163 | Piston head o 195
— —Joy's 163 | — or cylindrical valve ... 180, 232
— — Stephenson’s 163 | — rings .. 195
— — Walschaerts’ 167 | —rod ... o 197
Live steam injector 101 | — valves, inside admission 180, 403
Locomotive data ’ 407 | Pistons and valves ol [
Longitudinal stay Imlh 76 | Pistons and valves, testing 403
Losses, radiation 117 | Plates, boiler clothing ... 118
Lubrication . v 341 | — buffer ... 140
Lubrication,  anti - carboniser — frame ... 123
cylinder - 354 | Poppet valves 182
Lubrication, atomiser ¢ \llllll(‘!‘ 363 | Ports, steam and oxlmnut 192
— axlebox 124, 133, 370 | Position of ecrank and valve 394
— connecting rod 208, 210, 220 | Position of eccentries 163
— (-nupliug rod ... . 152 | Power reversing gear 172
— foreed .. ... 345 | Pressure relief valves I!l.x, 275, 404
— grease .. 133, 220 | Prevention of smoke 35, 39
— rl-gulmur controlled .. 361 | Priming or foaming 63, 67
Lubricator 341 | Proportional valve, brake 333
— Furness 346 | Protectors for gauge glusues 95
- hydrostatic ] 351 | Pump, feed i 112
—— instructions for operating 350 [ Pump, Westinghouse air 315
—— mechanical 345 | Pumps, chemical - 285
— Roscoe 350 | Pyrometer, superheater 268
— sight-feed 350
— Silvertown 356
— gingle-ncting ... 352 Q
M Quick-service brake valve 297
Main-bearing ](nmmln 146
Main steam pipe 70, 93 R
Mechanical coaling plnntq 40
— lubricator 5 345 | Radial valve gear 163
— stoker .. % 119 | Radiation losses 117
Metallic E,l““‘l pm klnga 199 | Ratio of cylinders 248
Metallurgy, locomotive . 222 | Réaumur thermometer ... 62
Metals, conductivity of 63 | Recording mechanism, coal 42
Motion plate i 136 | Reduction gearbox 189
Reflex water gauge . 97
Regulation of air supply 38
N Regulations, brake, Board of
Trade . 288
“ Needle 7 roller bearings ... 134 | Regulations for sheds 8
Notching-up, results of ... 236, 274 | Regulator 2 79
— and drifting \ulv(- 81
— controlled lubrication 361
0 L.MLS.R. 84
- L.N.E.R. balanced ... 84
Oil fuel ... 283, 464 | — * Servo " type 82
Outer firebox shell ... T4 | Rele. - valves 195, 2 Ta, 404
Outside eylinder engines 11, 174 | Relief v o, air or 192, 251
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Relief valve, brake 305» | Smokebox 2 LR Mi ‘ﬂﬁ
Returning to shed 49,393 | Smokebox door ... 33, 00, 03 273
Reversing gear, air - 172 1 Smoke prevention 35, 39
— — power 172 | Soot blower e 44
— — Serew . 170 | Spare fireman ... e (O3
— — steam and cataract .. 171 | Spark arrester ... .. 93
Richardson balanced slide valve 179 | Speed chart . 386
Rings, plstun (Ramsbottom) 195 | — estimate of o 388
Rod, piston s 197 | — indicator «we 38D
Ilullvr bearings ... 126 | — — electrical 388
Roscoe lubricator - e 346 | — — G.W.R. 5 w390
Rules, Clearing House ... 25, 373 | Splashers .. . 140
~— examination on 411 | Spray :Ivnmn}. plaul 5
— for shunting ... 25 | Springs . 148
— for signals 25 | Starting the i m]v( tor s B8
Stay bolts, longitudinal T
Stays, flexible ... TR i
— for firebox ... s
8 — girder ... wes "ANY
— tubeplate w0 T
Saddle or throat plate ... 76 | Steam brake ... o 310
Saddle plate for bogie 151 | — — examination on . 441
Saddle-tank engines Il | Steam brake valve, automatic 313
Safety "8]"0. 88 | Steam collector ... e 87
——*“ Pop " type 88 [ — density of ... s O
—_—— (I{ammlmttmn) 88 | — exhaust e D2
Sandboxes g 141 | — heat, and water )|
Sand gun, firel Im\ o 47 = — high pressure, efficiency of
Sanding by compressed air 142 119, 246
— ejector s 141 - pipe, main 79, 93
— gear, steam 141 — ports ... . 192
— valve ... 141 | — reversing gear s LT
— wot 142 | sanding cjector o 41
Sand trap ve . 142 - — gear wo 141
Saturated steam 257, 409 | — saturated 257, 400
Scoop or deflector 78 superheated 257, 409
Screw reversing gear 170 | — temperature of 62, 272, 409
Separator, grease [Iil — trap ... e 1T
Shed regulations o — volume of ... 3 e 62
Shed, returning to .l‘} .Hl.i Stephenson link motion . 163
Shunting, rules for 25 | Stoker, mechanical e 110
Side or coupling rods 151 | Stopping distances, brake e 204
Sight-feed lubricator . 350 | Stretcher, frame plate ... e 136
Signals, audible ... 31, 49 | Superheated steam e 257,408
— fixed 25 | — — advantages of ... v 257
— hand ... 27,51 | — — temperatures 272, 273, 409
— rules for 33 | Superheater clements ... e 262
— whistle 31, 51 | — header relief valve ... e 206
Silvertown lubricator 356 | — pyrometer ... .. 268
Simple expansion 245 | — thermo-couple e 270
Single-acting lubricator 452 thermometer ... . 208
Single-line working 377 | — types of %2 258
Slack adjuster, brake 335 | Syphon, thermic 119
Slide bars 2
— valve ...
— — balanced
——D T
— — events
—_— l'ril".tiun Tank engines .., sa ulld
— — Trick Technical terms ... 407

Temperature, ignit-inn of coal ..

Temperature of steam ... 62, _’7 2, 408
Tender 279
— corridor 283
— engines . 11
— fittings, view of 402
— framing 279
Test cock a7
Te: sting brakes 332
— engine e 394
— valves and plrlt(lllﬂ 234, 403
Thermal Unit, British (B.Th.U.)
35, 69, 407

Thermic syphon 119
Thermo-couple, snpt-rh('alt r 270
Thermometer, Centigrade 62
~— Fahrenheit 62
— Réanmur 62
-~ superheater .. 208
Thickness of fire 37, 273
Throat or saddle plate ... e 76
l'nnlﬂ - 34

* Top-feed,”” Churchward 68
Tractive effort e 152
Train-pipe, brake 301, 331
Trains, classification of ... 20
Trap, sand 142
Trap, steam 5 < 117
Treatment of hml( r f'l-ul “llll r 4
Trick or Allan valve 178
Trimmings in lubrication 341
Triple valve (Westinghousc) 315
Troughs, water ... 280 |
Tube ferrules 04
Tubeplate 76
— angle iron .76
— front 76, 137
— stays ... 77
Tubes 93
Tubes, cleaning ... 1, 44
Turbine locomotive 119 |
Turntables 41
Types of compound locomotive 248
Types of superheater 258
Tyres 148

v

Vacuum brake, sutomatic 288
— — cylinder for 2

— — examination on

— — quick-service valve
— — rolling rings

— ejector

— exhaust pipe .

Valve and crank pcmlhulls
— air relief

é"ﬁ, 304
192, 250
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35 | Valve, anti-vacuum

l|4 204

93

— brake, auxiliary application

e — automatic steam ...
— — direct admission ...
— — proportional
— — quick service
— — relief
D slide
— events
— face friction
— gear
— — Caprotti
- Gresley
— — Joy’s
— — Lentz
~— — radial
— Walschaerts’
- lap
— lead
— piston or ¢ \qulm al ...
— poppet
- pressure relie F
— regulator
— safety
- safety, * Pop ™
— — (Ramsbottom)
sanding
setting
slide ...
- Allan or 'l ric k
- balanced
events
— — friction
Valves and pistons
— — — testing ..
superheater he ader t‘('!l('f
~— testing  inside
piston
Volume of steam

w

Walschaerts” valve gear
Warming cock, carriage
Washing out boiler
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~ COMPANY LIMITED

DESIGNERS AND
MANUFACTURERS OF

el ol o

*

MELESCO

LOCOMOTIVE
| SUPERHEATERS

With or without

MULTIPLE VALVE REGULATORS

*

“TANGENTIAL” STEAM DRIERS

‘ THE SUPERHEATER C€O. LTD.
53 HAYMARKET, LONDON, S5.W.1 .
Telegrams :  Supertemp, Phone, London

Telephone : Whitehall 8225

WORKS: TRAFFORD PARK, MANCHESTER. |

EEEEﬁﬁﬁﬁﬂﬁﬂﬁﬂﬁﬁﬁﬁﬂﬁﬂﬁﬁﬂﬁﬁﬁﬂﬁﬁﬂﬁﬁ

— —
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1 ‘ o {
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Vade and Printed in Greal Britain at Tug Daries Priss 1 TD., Ldinburgh
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HOLMAN & CO. (ners) L™

FORDNEUK STREET, BRIDGETON
GLASGOW

MANUFACTURERS UNDER LICENCE OF

ELECTRIC

WAGEOR FOR

MACHINES

TUBE EXPANDING, DRILLING
REAMING and TAPPING

EXTENSIVELY USED IN IMPORTANT
RAILWAY WORKS THROUGHOUT THE WORLD

MANUFACTURERS OF THE

L’GHTN’NG ELECTRIC

SHEARING MACHINES

THE MODERN METHOD OF SHEET METAL CUTTING

THE MACHINE ILLUSTRATED IS
MODEL “B"™ WHICH CUTS UP
TO 8 S.W.G. SHEETS

e

OTHER MODELS TO DEAL
WITH SHEETS FROM 14 to 4
5.W.G.

THE MOST EFFICIENT AND
RELIABLE SHEET METAL
CUTTERS ON THE MARKET

HUNDREDS OF SATISFIED
USERS THROUGHOUT GREAT
BRITAIN AND ABROAD

Telegrams and Cables: *“ HOLMAN, GLASGOW **

Advertisements. i

Q-S-A VALVE

the ‘“‘triple valve' of the
vacuum brake, which admits
air simultaneously to the
cylinder and makes a local
reduction in brake pipe
vacuum, thus increasing speed
of propagation to an extent
not previously possible in
vacuum braking.

oleyhlee
WITH THE . PRE STAI-L”
LEVER CYLINDER

which requires no massive
levers, rocking shafts, or sus-
pension brackets. This reduc-
tion of weight, together with
the lightness of the “Prestall”’
all-steel construction of the
cylinder itself can save as much
as a quarter of a ton on
each vehicle.

Descriptive Pamphlets available on
request:—

D.P.46A. Q.S.A, Valves.

D.P.14/1. " Prestall” Lever Cylinder.

Made in England by
WESTINGHOUSE BRAKE
& SIGNAL CO., LTD.

Pew Hill House, Chippenham, Wilts
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BOILER TUBE
MAINTENANCE

HE machine illustrated shows our No. 4s
MACHINE capable of descaling both STEAM
AND SUPERHEATER LOCOMOTIVE
BOILER TUBES. This machine is in use
in many railway tube shops, both at home
and abroad.

Agents at home or abroad

Please send for illustrated catalogue showing
our complete range of tools, including
/ Straightening - Machines for rounds, all
}‘1\“‘. o rolled sections,Bending Machines,Counter-
e sinkers, and RIVET-MAKING PLANT.

ASSOCIATED BRITISH MACHINE
TOOL MAKERS LTD., LONDON

CROW, HAMILTON & CO. LTD.

MACHINE TOOL BUILDERS

47 HAGGS ROAD GLASGOW . S.|

Advertisements.

LOCOMOTIVE

WATER CRANES

=~

We illustrate several typical Water Cranes made

by us for use on Railways in many different
~ countries. Cranes can be made to the special
' designs of the Railways concerned, but consider-

able economies can be effected by the adoption
] or modification of our standard designs, of which
. we have a wide and comprehensive range.

. This range includes frost-proof designs which save
the great inconvenience and not inconsiderable
expense which may be occasioned by severe frost.

For comparatively small outlay the design of
existing cranes can be modified to afford any

Top Left: Parachute Cranes desired degree of protection, the protective de-

for Colonial Service. vice being put into operation at the beginning of
Top Right: Six-inch Crane the winter and shut off again when danger is
past. Complete and automaticprotection is thus
assured, irrespective of any negligence or lack of
care on the part of the users.

for British Railways.
Bottom : Eight-inch Cranes
for Chinese Railways.

lENFlELD & KENNEDY. LIMITED KILMARNOCK
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BEVER PEACOCH LOCOMOTIVES

Beyer - Garratt Locomotives may represent
the solution to your operating problems.

Have you
Single Line
Light Rail
Heavy Grades
Intensive Traffic

Then you should consider the use of Beyer-

Garratts, which increase line capacity by

hauling heavier loads and, at the same time,
considerably reduce operating costs.

BEYER, PEACOCK & CO. LTD.
MANCHESTER

Locomotive Engineers

Est. 1854
LONDON OFFICE :

MANCHESTER :
Telephone - -  Abbey 6295 D Telephone - - - East 1066
Telegrams - - Folgore, Sowest ~ Telegrams -

Loco, Gorton

~2

Advertisements.

—— — — _4_—___‘/

GIVING RELIABLE SERVICE
ON FAMOUS LOCOMOTIVES
IN ALL PARTS OF THE WORLD

llustrated here are
outstanding examples
recently fitted . . . .
L.N.E.R, Empress of
India and (below)
L.M.S. Coronation Scot

Echanst Sieatin

JINJECTORS

: /'_\ —
(( The only practical and
\ successful feedwater

heater for Locomotives.
109, Economy in fuel.
Used all over the world.
Over 30,000 Locomotives fitted.

| )
::,!J
i

INJECTOR WORKS - ROMILEY, ENGLAND e —~

Telephone : 2219 Woodley. Telegrams : ** Exhaust, Romiley ™"
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THE

COMBINED

REGULATOR

AND

DRIFTING
VALVE

*

THE regulator that

opens easily, gives
a graduated admission
of steam for starting, a
controlled supply of steam for drifting, and closes
positively. Its use improves cylinder and valve
chest lubrication when drifting, and reduces
carbonization and wear on piston and valves.

WOTA LTD.

Fallings Park, Wolverhampton

Advertisements. 7

@® S. ). EJECTOR FOR HIGH PRESSURE AND
LONG TRAINS. :

® AUTOMATIC AND HAND OPERATED
GRADUABLE STEAM BRAKE VALVES.

® EXHAUSTERS FOR DIESEL AND ELECTRIC
TRACTION.

® MULTIPLE POWER CYLINDERS FOR
EMPTY AND LOAD BRAKING.

® ALL-STEEL CYLINDERS FOR LIGHT-WEIGHT
ROLLING STOCK.

® G-D. AUTOMATIC SLACK ADJUSTER FOR
CONSTANT BRAKE BLOCK CLEARANCE.

® DIRECT ADMISSION VALVE FOR LONG
PASSENGER TRAINS.

@ LOCOMOTIVE INJECTORS.
Write for Descriptive Literature :—

THE VACUUM BRAKE CO. LTD.

el 1R 137, ABBEY HOUSE. WESTMINSTER, S.W.1. ST LONOON

JOWIST, LONDON

GRESHAM s CRAVEN LTD

Onb MANCHESTEA
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WORKING
INSTRUCTION
SHEETS
FOR ENGINE MEN

Mailed Free on Request

POP SAFETY VALVES

® Stone-Carrier Air Conditioning
Equipment (for new and existing

. Py e SOLE MANUFACTURERS :
rolling stock) @ Train Lighting e
Heating, Cooking and Refrig- R. L. ROSS & CO. LTD.

erating Equipment e Turbo
Generator Lighting Equipment PREMIER WORKS, STOCKPORT
for lLocomotives o Locomotive
Speed Indicators e Feed ®

Water Heaters and Boosters e
|s;ollI:-Ll'-l‘mo‘.:l ::\rilc‘::)xes © l:r:;nzc N E . V A R ' O U S
z\.xlcbnxes and Bearings  Non- g S I Z E S

Ferrous Alloys to all Speci
AND

fications ® Non-Ferrous Ri\'ct-s £ COM PANY LTD
VARIOUS DESIGNS

and Washers o
AVAILABLE

DEPTFORD « LONDON & S+E«14 Send for a Blue Print

LONDON OFFICE: OCEANIC HOUSE, 13 COCKSPUR STREET. LONDON, S.W.1 PHONE WHITEHALL 9583
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iRl S S W"’_v,p‘."‘.‘q‘fwi:ﬂliq‘;’-,

e~ HULBURD’S

N Seamless Copper Jointings N27N
< MAKE_A PERFECT JOINT AND SAVE e
Ne4 THEIR COST IN ONE DAY 204

o
E These Jointings are manufactured by a special pro- Ne7A

cess whereby they require very little pressure in  wigpiDq
bolting down thus eliminating the risk of scored

Ne flanges or broken covers and enables them to be N27AN

jointing material, and save monsy and trouble N28

ALSO MAKERS OF ﬂ
“SERYO " LOCOMOTIVE
Ne7 REGULATORS Ne8A
MECHANICAL LUBRICATORS
Single and Double Sight Feed. Displacement Lubricators

MECHANICAL BOILER CLEANERS
Prevent priming and scale forming. Enables engines to
run 14,000 to 15,000 miles without washing out

BLOW-OFF COCKS, SCUM COCKS
Water Gauges and Gauge Glass Protectors

PIPE FITTINGS, ETC.

2
=)

"

E: used over and over again for the same joint. E:
Specify Hulburd’s next time you are ordering

HULBURD PATENTS L™

ENGINEERS AND COPPERSMITHS

24-26 PARK ROAD NORTH, ACTON, W.3
Contractors to H.M. Government and
the Leading Railways of the World

Phone : Acorn 2060 Grams : Unwavering, Ealux

Advertisements. 13

SOOT BLOWERS

The latest improved Boiler Tube Cleaner

SIMPLEST TO OPERATE AND
MOST EFFICIENT IN SERVICE

FITTED TO OVER 5000 LOCOMOTIVES IN ALL PARTS OF THE WORLD

SOME OF THE RAILWAY USERS :—
Algerian State Railways Emu Bay Railway Madras and Southern Mahratta
Argentine Transandine Railway Egyptian State Railway Railway
Assam Bengal Railway Gaekwar's Baroda State Railways Mysore State Railway

Bengal Nagpur Railway Gold Coast Railway Nanking-Shanghai Railway
Bengal and North-Western Rly. Gondal Railway H.E.H. Nizam's State Railway
Benguela Railway Great Indian Peninsular Railway North-Western State Railway
Beira-Alta Railway Great Western Brazil Railway Ottoman Railway
Bikaner State Railway Hangchow Kiangshan Railway Paris, Lyons and Mediterranean
Bombay, Baroda and Central Jamaica Government Railway Railway

India Railway Junagad State Railway Paulista Railway
Buenos Ayres Great Southern Rly. Kenya and Uganda Railway Peiping Liao-Ning Railway
Buenos Ayres and Pacific Railway Kiaochow-Tsinan Railway Rhodesian Railways
Burma Railway Kowloon-Canton Railway Rohilkund Kumaon Railway
Canton Hankow Railway London Midland and Scottish South African Government Rly.
Central Africa Railway Railway South Indian Railways

Central Argentine Railway London and North-Eastern Rly. Sorocabana Railway
Cordoba Central Railway Trans-Zambesia Railway
Eastern Bengal Railway Tientsin Pukow Railway
East Indian Railway Yueh-Han Railway

SEND YOUR ENQUIRIES TO

CLYDE BLOWEKS LIMITED
CLYDEBANK, Nr. GLASGOW

** MURWILS, GLASGOW™ CLYDEBANK 1576-7
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HUGH

ACHINE TO

For Locomotive Boiler

HYDRAULIC FIRE-
BOX RIVETER

AND COMPANY

POSSIL ENGINE W

S'MTFH
OLS

and Waggon Shops

THE " EXPRESS " PLATE EDGE PLANE

We manufacture a wide
range of Hydraulically
and Electrically Oper-
ated Heavy Machine
Tools,includingRiveters,
Bending and Straighten-
ing Rolls, Presses, Plate
Edge Planes, and
Hydraulic Pumps, Ac-
cumulators and Valves.

Write for a copy of our
catalogue ‘‘Machine Tools
for Locomotive Works,"”
which gives full details of
many of our machines.

————— o ———

SMITH

(POSSIL) LIMITED
ORK

S* GLASGOW * N

Advertisements. 15

Our patented processes of
manufacture are most useful for
staybolts as used in locomotive
boilers. These can be supplied in
steel, Monel or copper, or other alloys
as preferred by locomotive engineers.

fi.P.NEWALL

AND CO.,.LIMITED,
POSSILPARK- GLASGOW

—

R ——
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TIMKEN

Registered Trade Mark : Timken
BRITISH 3 TIMKEN LTD., BIRMINGHAM and DUSTON, NORTHAMPTON
Telephone : East 1321 Telegrams : *‘ Britimken,"" Birmingham

Associated Company : Fischer Bearings Company Ltd., Wolverhampton,
makers of FBC ball and roller bearings and transmission equipment.
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