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PREFACE.

This Handbook isissued for the guidance
of the C.M.E. C. & W. Section, Outdoor Fore-
men, Examiners, Brakesmen and others, who
are called upon to examine and maintain the
Automatic Vacuum Brake Equipment on the
Company's Coaching and Freight Stock
Vehiclesin proper order.

While the principles outlined are applicable
to all British railway-owned rolling stock fitted
with the automatic vacuum brake, the descrip-
tion and diagrams illustrating the various
arrangements and fittings are based on L.M.S.R.
equipment and practices.
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THE AUTOMATIC VACUUM
BRAKE.
Part |.
GENERAL DESCRIPTION.

Vacuum, a simple definition.

A vacuum is a space absolutely devoid of any matter
capable of exerting pressure; in other words, atruly empty

space. .

For everyday purposesit is not possible to obtain a
perfect vacuum, because, although there is no difficulty
in making avessel whichis capable of withstanding the
external pressure of the atmosphere after a vacuum has
been created inside the vessel, there is no means of exhaust-
ing the vessel completely, and alittle of the air, or whatever
gas the vessel contained, is always left behind.

The measurement of vacuum.

For experimental or test purposes, a special type of
gauge is used, and thls consists of a"U"-shaped tube
containing mMercury (see Diagram No. 1). It will be
appreciated that if air is withdrawn from one leg of the
tube, the pressure of air in the other leg of the tube will
force the mercury down in that leg and it will flow up the
leg from which the air has been taken. Therefore, the
height to which the column of mercury risesin the "ex-
hausted" leg of the tube will reveal the extent to which
avacuum has been created.

The principle upon which the measurement of vacuum
is based, therefore, isthat at the mean atmospheric pressure
of 14.7 Ib. per sq. in., acolumn of mercury 30" high is
balanced in the "U" tube when an almost perfect vacuum
is obtained on the "exhausted" leg of the tube.

Accordingly, it isusual to refer to the measurement of
vacuum in inches, and all industrial vacuum gauges are
calibrated to read in "inches of mercury". It isalso usual
to use afigure of 15 Ib. per sq.in. inreferring to atmos-
pheric pressure for all practical purposes.

For industrial purposesit is, of course, impossible to
use the "U" tube as a means of measuring vacuum, and
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instead, gauges of the "Bourdon" type are used. In
gopearance and construction, these resemble the familiar

esigns of pressure gauge, but are arranged to operate
under conditions opposite to those under which a pressure
gauge is used. From an industrial point of view, "Bourdon"

gauges give a high degree of accuracy and reliability.

The application of vacuum for power pur poses.

From what has been said in the previous paragraphs, it
will be seen that a pressure of 15 Ib. per sd. in. will support
acolumn of mercury 30" highin a"U" tube. Therefore,
apressure of 10 Ib. per sq. in. would support a column 20
high, and, in other words, every inch of vacuum is equal
toapressure of ; Ib. per so.in. o

Therefore, if we take a cylinder or tube and fit inside
it a movable piston and then exhaust the air from one
end of the cylinder until 20" of vacuum is achieved, the
atmosphere in the other end of the cylinder will exert a
pressure of 10 Ib. on every sq. inch of the piston's surface,
and, assuming that the piston is free to move easily along
the cylinder, it will be seen that by connecting the piston
to suitable levers the power exerted by the atmosphere
can be utilised, and all modern vacuum brake cylinders
embody this principle.

The utilisation of vacuum equipment for braking
pur poses.

The utilisation of vacuum was early recognised as being
a convenient method of securing power for the operation
of a continuous brake on railway vehicles.

In the original designs, a vacuum was created in the
brake equipment when it was desired to apply the brake,
and the system was known as the "Simple Vacuum”
system. This system had many disadvantages, however,
not the least of which was the time required to create
sufficient vacuum to apply the brake, and in the course of
time the system was devised which is now known as the
"Automatic Vacuum Brake". This system is used on the
majority of steam trainsin Great Britain and is also widely
used on trains in many other parts of the world.

The Automatic Vacuum Brake has many advantages
over the early Simple Vacuum Brake, and perhaps the
most important of these advantages is that in the event of
damage to any of the vacuum equipment, or upon atrain
becoming divided, the brake is automatically applied
throuahout the train:
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Thisis due to the fact that in the Automatic Vacuum
Brake system, a vacuum is created and maintained in order
to release the brake, and the admission of air to the equip-
ment after the vacuum has been created, causes the brake
to be applied with a force proportional to the amount of
air admitted.

The degree of vacuum upon which the design and
operation of the Automatic Vacuum Brakeisbased is a
partial vacuum equal to 20" of mercury, and the L.M.S.
Company's regulations provide that in the operation of
the equipment the vacuum created must show a reading of
not less than 19" nor more than 21" on the engine vacuum
gauge, and not less than 17" on the gauge in the rear
brake van or brake compartment of the train.

Automatic Vacuum Brake equipment.
General.

The brake is required to be continuous throughout all
trains composed of coaching stock, engines and tenders,
and all vehicles comprising the train are fitted with amain
train pipe, to which flexible pipes and universal couplings
with joint washers are attached to enable vehicles to be
coupled and uncoupled and to allow for the relative
movement of the vehicles when running.

After atrain has been made up, and the pipes between
the vehicles connected, the train pipe as a whole has, of
course, to be made air-tight, and for this purpose a dummy
plug is provided on each end of each vehicle (with the
exception of the intermediate positions on certain coupled
set trains composed of old type vehicles), so that the
flexible pipes on the front end of the engine and the end
of the last vehicle can be sealed off.

Figure 2 shows the general arrangement of vacuum

brake equipment on an engine and coaches, and Figure 3
shows aflexible hose pipé coupling and joint washer.

The degree of exhaustion, or vacuum, required to
operate the Automatic Vacuum Brake on steam trainsis
created by a steam ejector on the engine, and althou%h
gectors may differ in design on the various railways, the
principleisidentical.

All coaching stock vehicles are fitted with a self-contained
brake, but freight vehicles are not always so fitted. In
order to make the difference in vehicles clear, therefore,
the following definitions are given:-
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Freight stock.

"Fitted vehicles" A “'fitted" vehicle must be understood

to be a vehicle which carriesits own
brake equipment and in which the
brake blocks are operated by the
Automatic Vacuum Brake system.

A "piped" vehicle must be under-
stood to be a vehicle which is fitted
only with a continuous pipe from end
to end, and in which the brake blocks
are operated only by hand levers.

It will be understood that in certain types of freight
trains only a certain number of vehicles are required to
have vacuum controlled brake gear, but in order to make
the main train pipe continuous throughout the train it is
necessary for all the vehiclesin the train to have atrain
pipe, flexible connections and dummy plugs.

Under normal conditions, a reduction in vacuum of 5"
is sufficient to apply the brake, and the driver's brake
valve on the engine is designed to allow a controlled
admission of air to the train pipe and so permit sensitive
control of the braking of atrain.

A full opening of either the driver's or guard's brake
valve results in the vacuum in the train pipe being totally
destroyed and gives the maximum braking effect in a
minimum of time.

"Piped vehicles'

Engine equipment.

The type of gjector most commonly used is the combined
type which combines alarge and a small €jector. These
gectors work independently of each other and are designed
to create and maintain the required vacuum in the brake
equipment with a minimum consumption of steam.

The large gjector is powerful and creates a vacuum
quickly, but uses alot of steam. It is used, therefore, to
ensure rapid creation of vacuum prior to starting atrain,
or after an application of the brake. The small gjector, on
the other hand, is designed to overcome the small leakages
which are inevitable in a system having numerous valves
and flexible connections, and ensuresthat the degree of
vacuum required is maintained whilst using a minimum
amount of steam. The small gector is kept in operation
so long as control of the brake equipment is required.
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Certain ex L.N.W.R. engines and certain engines
belonging to other Companies are fitted with a vacuum
pump and a single gector, the purpose of the pump being
to maintain vacuum in the brake equipment so long as the
train isrunning.

A vacuum gauge is provided on every engine, and records
the degree of vacuum in the train pipe, and adriver's
brake valve is fitted which regulates the admission of air
to the train pipe and enables the driver to control the
application of the brake throughout a train with a high
degree of sensitiveness.

Coaching stock equipment.
Brake cylinders.

Four-wheeled bogie vehicles are fitted with two 18"
diameter brake cylinders of the type shown in Figure 4.
Thistype of cylinder combines the cylinder and reservoir
in a common outer casing.

Six-wheeled bogie vehicles differ somewhat in design,
in that the brake cylinder and reservoir are separate units
connected together by suitable piping. The principle of
operation, however, isidentical with that of the combined
type of cylinder.

On the outer case of each tyﬁe of cylinder are attached
two pivots or trunnions, which allow the cylinder to be
suspended in suitable brackets attached to the vehicle
underframe. This arrangement allows the cylinder to
swing in asmall arc, and ensures that the piston rod remains
in line with the cylinder throughout the range of its move-
ment, and is not subjected to any bending forces as would
be the case if the cylinder wererigidly fixed.

The piston, which has a deep head, fitseasily in the
cylinder, and the piston head is recessed at the top and
bottom to contain a rubber ring. Thisring is known as
therolling ring and serves the same purpose as the piston
rings of a steam or gas engine piston. As the piston moves
up or down in the cylinder, the ring rolls between the

iston and the cylinder wall, and being compressed firmly

etween the two, prevents air passing from one side of the
piston to the other. The recesses at the top and bottom
of the piston head are provided to prevent the rolling ring
from getting out of alignment and causing the piston
to stick in the cylinder.
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The piston rod is fastened to the piston head, and at
itslower end it is connected by means of apin to the
lever mechanism which operates the brake blocks. In
Bassi ng through the cylinder casing, the rod is surrounded

y arubber packing %I and, the purpose of which isto
prevent air entering the cylinder at this point, whilst at
the same time permitting the piston rod to move in and
out of the cylinder.

The diagram, Figure 4, shows the piston in the "Brake
on" position, and it should be noted that when the "Brake
off" position is reached, the measurement from the packing
gland to the boss end of the piston rod is 82".

Occasionall” the older types of vehicle may be found
to be fitted with a diaphragm type of cylinder. Thistype
differs from the "rolling ring" typein that a rubber
diaphragm is used instead of arolling ring to seal off one
side from the other. The principle of operation, however,
is not altered.

Ball valves.

Fitted to the bottom of each cylinder and connectin
the cylinder to the train pipe by means of an iron branc
pipe and asmall flexible hose, isaball valve of the type
showninFi %ure 5. Thisvalve is one of the most important
fittings in the whole of the equipment, asits purpose is
to control the passage of air to and from the reservoir
portion of the brake cylinder.

The passages in the valve body are so arranged that the
underside of the cylinder is always in communication with
the train pipe, whilst the reservoir portion of the cylinder
is oPen to the train pipe only when the ball is unseated.
So long asthe ball is pr on to its seat, therefore, the
reservoir portion of the cylinder isisolated from the train
pipe.

Reference to Figure 4 will show that when air is with-
drawn from the train pipe by the_endgi ne_e’ ector, any air
in the reservoir portion of the cylinder will flow past the
ball into the train pipe until an equal vacuum exists on
each side of the piston. The ball will remain unseated so
long as this equality of vacuum exists, but as soon as air
is again admitted to the train pipe it will enter the ball
chamber and press the valve firmly on to its seat, thereby
sealing off the reservoir portion of the cylinder and main-
taining the vacuum which exists there.
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The automatic action of the ball valve continuesin this
way so long as the brake equipment is under vacuum
operation, but circumstances arise in which it is necessary
to have a hand-operated means of equalising the conditions
on each side of the brake piston. For instance, when a
train is detached from an engine, the vacuum in the train
Bi pe is completely destroyed, but by the action of all the

all valvesin the train the vacuum in the reservoir portions
of the brake cylinder is maintained, and so long as this
vacuum remains the brake will remain "on" throughout
the train.

Embodied in the ball valve casting, therefore, isasliding
cage in which the ball is contained, and the outer end of
this cage is connected to across lever. The action of
pulling this lever pulls the cage outward, and thisin turn
pulls the ball off its seat. Air then flows into the reservoir
Bortion of the cylinder until conditions are again equal on

oth sides of the piston, and the piston falls under its own
weight to the bottom of the cylinder and the brake is
released.

In order that this release action may be carried out
from the side of the coach, awire or cord is taken from
each side of the coach to one end of the cross lever, and
to ensure that the cage returns to its normal position when
vacuum operation is resumed, a diaphragm is connected
to thecage. Thisdiaphragm forms an air-tight gland
where the cage spindle passes through the body of the
ball valve, and asit is o1pen to the atmosphere on the
outside, any withdrawal of air from the ball valve interior
causes the atmospheric pressure on the outside of the
diaphragm to move the diaphragm inwards, thus returning
the cage to its normal position.

Direct admission valves.

From time to time devices have been patented for
accel erating the speed with which vacuum is destroyed,
thereby reducing the time lag in the brake application
between the front and the rear of long trains.

The valve adopted for this purpose by the L.M.SR.
isthe Direct Admission Valve, which is shown diagram-
matically in Figure 4, and in detail in Figures 6 and 6a.

The principle employed is that air entering the train
pipe simply actuatesthe D.A. valve, and does not enter
the brake cylinder, so that in effect each cylinder has an
independent air supply and the operation of the brake
gear as awhole is speeded up in consequence.
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The manner in which the D.A. valve operatesis as
follows:- . ) .

In the creation of avacuum in the brake equipment,
air isdrawn from the cylinder, through passage C2, past
non-return Valve"A" into the train pipe. At the same
time air is extracted from chamber "B" past the flats "D"
on the spindle until equal vacuum exists in chamber "B"
and in the train pipe.

Upon the reduction of the vacuum in the train pipe by
the admission of air to the pipe, the diaphragm "E" is
raised by reason of the higher degree of vacuum existing
in chamber "B", and as the rising diaphragm carries with
it the spindle, valve "F" is pushed open and admits air
to the underside of the brake cylinder through passage

"C1". When sufficient air has been admitted to reduce
the vacuum in the cylinder, and, therefore, in passages
"C1l" and "C2", to the level of that in the train pipe, the
diaphragm "E", being again in equilibrium, isrestored
toitsoriginal position by the spring "G", and valve "F"
closes and prevents further flow of air to the cylinder.

In the event of aD.A. valve requiring to be isolated,
this can be achieved by reversing the cap "H" as shown
in Figures 6 and 6a.

Guard's brake application valves.

To enable the guard of atrain to apply the Automatic
Vacuum Brake in case of emergency, a special guard's

rake valveis provided in all passenger brake vans and ke compartments. The valveis not agraduetlevalve,

in other words the Iiftin%of the valve lever brings about
afull application of the brake and no partial application
of the brake is possible as is the case with the driver's
brake valve on the engine.

The type of valve shown in Figure 7 was used originally
and contained automatic features. The majority of this
type have, however, now been rendered non-automatic
and are marked "N.N." to denote this. The vacuum
chamber which is shown does not now serve any useful
purpose.

The type of valve shown in Figure 7a has now been
adopted as the standard valve, and as the diagram shows
it consists of asimple lever-operated flap valve.

Passenger communication appar atus.

Emergency communication apparatus is fitted to all
passenger-carrying vehicles, and is as shown in Figures 8
and 8a.
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' he apparatus consists of a small diameter branch pi P‘e
connected at one end to the train pipe, and having at the
other end a small flap valve. A horizontal shaft, suitably
supported at each end, passes through the valve casing,
and a cam is attached to the shaft in such a manner that
apartial rotation of the shaft causes the cam to lift the
flap valve into its "open" position.

A continuous chain Passesthrough the full length of
the coach, and a small portion of thischainismade
accessible in each compartment, and as the end of the
chain is connected to the cross shaft previously mentioned,
the action of pulling the chain at any point causes rotation
of the cross shaft and so operates the flap valve. The
valve is so designed that the amount of air admitted to
the train pipe by the opening of the valve is sufficient to
cause only a gradual application of the brake, and this,
together with the resultant drop in the vacuum registered
by the engine and brake compartment vacuum gaugesis
an indication to the driver and guard that something is
amiss which calls for the train to be stopped.

In order to give aclear indication of the vehicle in which
the chain has been pulled, the cross shaft which operates
the valveis provided with a disc at each end. Normally,
these discs lie in the horizontal position, but when the
shaft is operated it turns through an angle of 90°, and the
discs accordingly assume a veértical position and enable
the affected coach to be found easily.

Vacuum gauges.

All passenger brake vans and brake compartments are
fitted with a vacuum gauge in order that a guard may see
at all timesthat the degree of vacuum called for under
the Cor“enJ)any‘s regulations has been created and is
mai ntained.

Many of these gauges are of the Duplex type, that is,
they have the dual function of recording the degree of
vacuum in the reservoir side as well asthat in the train
pipe. It should be noted, however, that the needle marked
"Reservoir" only indicates the vacuum existing in the
reservoir side of the cylinder to which it is connected; it
does not indicate the conditions in the reservoirs of the
other cylindersin the train.

A single needle type of gauge only records the degree
of vacuum existing in the main train pipe.
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Brake block operating gear .

Figure 9 shows the general arrangement of the brake
rigging on a modern 4-wheeled bogie, and although the
dia%ram shows one bogie only, the rigging on the bogie
at the other end of the coach isidentical.

The power obtainable from the brake cylinder is
transmitted through the rocking shaft to the main pull
rod, and this main pull rod isin turn connected to a series
of levers which operate the beams on which the brake
blocks are mounted.

The levers are arranged so that in addition to trans-
mitting power from the brake cylinder, they ec,’l]JaI ise the
power applied to the brake blocks so that each block is
applied to the wheel with equal force. Adjustment is
provided in the link connecting the vertical levers by
means of a series of holes which permit a graduated
variation in the distance between the pins connecting the
link to the vertical levers.

In designing arailway coach it is the aim to allow
sufficient braking power to brake the vehicle efficiently
without giving too severe, or too gradual aretarding
effect, and experience has shown that the most satisfactory
arrangement is that which gives a brake power equal to
75 to 80 per cent. of the weight of the vehicle. Thus, in
a coach wei ?hi ng 30 tons, a brake power of 22 to 24 tons
is provided for in designing the brake equipment.

It was shown on page 2 that with a partial vacuum
equal to 20" of mercury in the reservoir side of a brake
cylinder, a pressure of 10 Ib. per sg. inch is obtained on
the side of the piston which is under atmospheric pressure.
With an 18" diameter cylinder, therefore, the total pressure
on the piston under these conditions will be:-

10 Ibs. x total area of piston
which equals 10 Ibs. x 254.5 sq.in.
= 2,545 Ibs. pressure on piston.

By making the rocking shaft, to which the piston is
coupled, so that a2 to 1 leverage is obtained, this figure
of 2,545 is doubled at the short arm of the rocking shaft,
and by coupling the main pull rod to the short arm, a
pull of 2 x 2,545 Ibs. = 5,090 |bs. is obtained in the
main pull rod.

The system of levers between the main pull rod and
the brake block beams then multiplies this force even

further, until the total of the forces on the sixteen brake
blocks is eaual to 22 to 24 tons
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The operation of the Automatic Vacuum Brake.

Before atrain commences its journey, the operation of
the vacuum equipment must be tested, and whilst the
following describes L.M.S.R. practice and may differ
slightly in detail from the practice of other Companies,
the general principles are identical.

First, the engine is tested as an independent unit before
it leaves the shed, and it is the duty of the driver to ensure
that the vacuum equipment is in good working order.

Subsequently, when the engine has been coupled to a
train, the train pipe flexible hoses between vehicles coupled,
and the flexible hose at the end of the last vehicle correctly
seated on the stopper, the driver admits steam to the engine
gjector and exhaustion of the vacuum equipment through-
out the train commences.

This action releases the brake throughout the train, and
the guard must observe the vacuum gauge in the brake
compartment until areading of at least 17" is noted. He
must then lift the handle of the emergency brake valve,
thus applying the brake throughout the train, and after
returning the valve to the closed position again must watch
the vacuum gauge whilst vacuum is being restored until
the reading is again not less than 17".

Thistest must also be carried out whenever a vehicle
is detached from atrain, or when an additional vehicleis
attached to atrain, and in fact it should be the practice
to carry out the test whenever train pipe flexible hoses
are disconnected for any purpose.

The test completed satisfactorily, the train is ready to
proceed, and the requisite vacuum having been created, as
described above, to release the brake, the application of
the brake is now normally under the control or the engine
driver.
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Part H.

EXAMINATION AND TESTING OF
A.V.B. EQUIPMENT.

Examination and adjustment.

The trouble-free operation of A.V.B. equipment on
coaching and freight stock depends upon careful examina-
tion and maintenance of the equipment. It is essential,
therefore, that trains or loose vehicles which are pl aced
in carriage sidings and are left under the control of the
Automatic Vacuum Brake should be examined upon
arrival, and particular attention directed to the following
points:-

Brake block adjustment.

The state of adjustment of the brake blocks must allow
the maximum stroke of the brake piston to be available.
The efficiency of the gear is dependent upon its being
adjusted as closely as possible to the limit allowed, as
otherwise much of theaﬁower available in the brake cyllnder
islost before the brake blocks come into contact with
the wheels.

Any brake blocks which have worn down to scrapping
size must, of course, be replaced without delay.

Use of clearance gauges.

Before the clearance between brake blocks and wheels
can be checked, the brake must be fully released, i.e. the
brake piston must be in itslowest position, and where
equalising links are fitted, these should be close up to
the stops.

Steps mMust, of course, be taken to prevent vehicles
Emovi ng in either direction when the brake has been



14
4-wheeled bogie.

The brake block adjustment on 4-wheeled bogies should
allow free movement of the |" gauge between the brake
blocks and wheels. In the case of vehicles having the
long and short arm type of triangular brake beam, the
gauge should be inserted on the "long" arm side; on other
typesit isimmaterial on which side the gauge is used.

6-wheeled bogie.

The adjustment of brake blocks on a 6-wheeled bogie
requiresthe use of two gaugeswhich must be inserted
between the brake blocks and tyres of two wheels.

Care must be taken in the examination or adlj ustment
of brake gear to ensure that the gear as a whole works
freely, that all portions of the gear are proloerly secured
and that the legs of all split cotters are well opened.

Hand brakes.

The hand brake on all vehicles so fitted must be examined
and tried as vehicles come to hand at carriage depots or
frei %ht sidings, to ensure that the brake is properly
workable. If found to be in need of adjustment, the
adjustment must be carried out before the vehicle is again
alowed into traffic.

Vacuum equipment.

In the examination of vehicles standing under control
of the Automatic Vacuum Brake, attention must be
directed to the air-tightness of the equipment and any
tendency to "leak-off" noted. Particular attention should
be paid to piston rod glands and D.A. valves.

When opportunity permits, brake piston rods which
are not protected by flexible stockings should be cleaned
with dry ;agun yarn. Under no circumstances, however,
must any abrasive cleaning compound be used on the spun
yarn.

Flexible hoses and branch pipes should be examined
for such defects as worn hoses, defective or damaged
couplings or defective joint washers. The clips securing
flexible hoses to couplings and train pipes should be
examined and left secure and in contact with the hose
throughout the circumference. Any clips having a damaged
tongue must be changed, and the coupling pins and chains
must be left in good condition.
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Passenger communication appar atus.

At monthly intervals the passenger communication
apparatus must be operated to ensure that the apparatus
works freely, and all parts must be left in a clean condition
and in good working order. Any worn, hardened, or
otherwise defective valve seating washers must be changed
and defective chains renewed.

Guards emergency application valves.

Guards emergency valves must be tried to ensure that
they operate freely and that the valve seating washer isin
good condition.

Vacuum gauges.

Vacuum gauges must be examined for such visible
defects as loose connections, bent needles, broken glasses
or bent or defaced dials, and when tested under vacuum,
care must be taken to see they are registering correctly.

Brake cylinder release valves.

Release valves having defective cords or wires, or
showing any sign of diaphragms leaking, should be noted

and attention given.

Adver se weather conditions-frost.

Whenever severe frost is anticipated, steps must be taken
to prevent the brake blocks of vehicles stabled in exposed
positions from becoming frozen to the wheels.

Brakes Must, therefore, be released by operating the
release valves, but care must be taken to ensure that the
vehicles are properly secured and are unable to movein
any direction which might result in their fouling other
roads.

Testing and irregularities.

Every effort should be made to test the brake equipment
on vehicles before they are brought into use in order that
irregularities in the operation of the equipment or leakages
may be located and rectified.
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Test appar atus.

The standard apparatus for testing A.V.B. equipment
consists of :-

(@ Leak discs, for testing the efficiency of the engine
ejector.

These are circular discs having either a-&" or

v" diameter hole in the centre, and their overall

diameter is such that they will cover the open end

of the flexible hose coupling which is shown in

Figure 3.

(b) Isolating cocks for isolating portions of the A.V.B.
equipment and recording the degree of vacuum
existing.

These cocks have a standard flexible hose
coupling of the type shown in Figure 3 at either
end, and can, therefore, be used to connect the
flexible hoses between an engine and train or
between vehicles, or can be used in connection
with aleak disc.

Asthe cocks embaody avacuum gauge, they can be used:- (L) Totes the ejector equipment on the engine.
(2) Toisolatethetrain pipe on atrain after the engine
has created a vacuum and to show what vacuum

is maintained after isolation of the train pipe.

(3) To test conditions on the engine and train when

coupled together.

Test cocks must be carefully handled to avoid damage
to the gauges, and the cocks must be periodically tested
in accordance with instructions against a master vacuum
gauge or mercury column to ensure that they are in good
working order and their gauges registering correctly.

Irregularities-testing of equipment.

The failure of an engine to create and maintain the
regulation degree of vacuum throughout a train may be
due to one or more of the following defects:-

(1) Front flexible hose on engine or rear flexible hose
on train not seated correctly on stopper.

(2) Leakagein flexible hose couplings between vehicles.

(3) Passenger communication valve or valves partly
open.
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(4) Leakage at brake cylinder piston rod gland packings.
(5) Leakage at brake cylinder release valves, D.A.
valves, guards emergency valve, or joint washers.
During examination of atrain, steps must, whenever
necessary, be taken to determine whether the vacuum
gauge in the rear brake or brake compartment is register-

ing correctly.
1t may occur, however, that the defect cannot be located
during examination, and the action to be taken by the
C. & W. examiner in these circumstancesis as follows:-

1.-Engine equipment (failureto create therequisite
amount of vacuum throughout atrain).

If the cause of the trouble cannot be located during
examination of the train, the examiner must first ascertain
that the boiler pressure is within 10 Ibs. of the working
pressure, and the actual pressure indicated by the boiler
gr_essure gauge must be noted by the examiner and the

river.

Accompanied by the fireman, the examiner must then
make aleak disc test in the following manner:-

(@ Enginesfitted with combined large and small €jector.

Uncouple the engine or tender flexible hose from
the train and couple this hose to the isolating cock.
Place a-&"leak discover the open end of the isolating
cock and hold thisin position.

The driver must then create 20"-21" of vacuum
with the large gjector and must maintain this degree
of vacuum with the small gjector only.

This must be recorded by the vacuum fgauge
attached to the isolating cock, and if no difficulty
is experienced in maintaining 20'-21" of vacuum
as stipulated, the engine is not at fault.

(o) Enginesfitted with asingle gector and a vacuum

Pump.

Proceed asin (&), but use a4" leak disc.

The driver must then create 20"-21" of vacuum
with the gjector, and if thisis recorded on the
gauge attached to the isolating cock and can be
maintained without difficulty, the engineis not at
fault.

No test of the vacuum pump is required, as this comes
into operation only when the engine is running.
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If an isolating cock is not available the foregoing tests
can be made using the leak discs only. In this case the
discs should be applied direct to the coupling of the engine
or tender flexible hose, and the degree of vacuum obtained
should be observed from the vacuum gauge on the engine
and noted by both the examiner and the driver.

If the engine is unable to fulfil the conditions stipul ated
and is, therefore, at fault, the Station Master must take
steps to have the fault remedied or to have another engine
provided.

If sometimeislikely to elapse before an engineis
available, steps should be taken by the Station Master,
during the waiting period, to have tests continued through-
out the train by using any suitable engine which may be
available, as cases have occurred where both engine and
train have been at fault; such further tests should, whenever
practicable, be made from the leading end of the train.

2.-Train equipment.

Having ascertained that the engine equipment is satis-
factory and the train equipment at fault, the examiner
must proceed to test the train in the following manner:-

Couple the engine or tender flexible hose to the train
flexible hose with the isolating cock inserted between the
two hoses.

Use the engine gjector to create a vacuum of 20"-21", as
indicated by the isolating cock gauge, and then turn the
cock so that the train isisolated from the engine.

If the gauge needle falls rapidly, indicating a leakage
in the train equipment, repeat the test process between
vehicles, in groups of three or four vehicles, until the
defect islocaied.

Irregularities-remedial action.

Flexible hoses.-Defective flexible hoses, whatever the
defect, should be replaced, and care must be taken in fitting
the replacement hose to see that the clip isin contact with
the hose throughout its circumference and the tongue not
in any way distorted.

D.A. valves.

D.A. valves found to be defective should be blanked
off by removing the top wing nut and cap, placing an old
repair card slightly smeared with oil on top of the valve,
and replacing the cap inthe reverse position, finaly
screwing down the wing nut securely.
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$rakecylinders.

Should a"rolling ring" tg,oe of brake cylinder be found
to be defective, the flexible branch pipe from the ball
valve to the D.A. valve should be disconnected at the
ball valve and the pipe plugged on the train pipe side with
the special type of plug which is provided for the purpose.

The defective cylinder should then be equalised by
puIIir;(]; the release wire to the ball valve and holding this
until all vacuum existing in the cylinder has been destroyed.

Where a brake piston sticks in the cylinder it is not
desirable to uncouple the piston rod, and the action out-
lined above will generally suffice. Should the piston be
held fast with the brake hard on, however, and cannot
be moved towards the "off" position, the piston must be
disconnected from the rocking shaft by removing the
connecting pin.

When such action is taken, the cylinder must be
prevented from turning over by securing it suitably through
the piston rod pin-hole.

The long arm of the rocking shaft must also be secured
so that it cannot fall downward and foul the permanent
way. Steps must also be taken to see that the brake blocks
affected are left clear of the wheels, and that the wheels
have not sustained any damage through prolonged braking
or skidding which would result in the vehicle being unfit
for traffic.

In the event of adiaphragm type of cylinder being found
to he defective, it should be isolated by disconnecting the
branch pipe and inserting a suitable plug to render the
train pipe air-tight.

It should be understood that in all the foregoing cases,
or whenever any action is taken to temporarily isolate
or render ineffective any part of the vacuum equipment of
avehicle, a"for repair" card must be attached to each
side of the vehicle concerned before it is allowed forward,
and a comprehensive repair must be made at the earliest
opportunity.

EXcessive vacuum in reservoirs.

It may occur that upon an engine being coupled to a
train, the creation of 20"-21" of vacuum does not fully
release the brake. Thisisdue to the fact that the engine
previously attached to the train created more than 21"
of vacuum, and the reservoir portions of all the cylinders
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are therefore |l eft with more than the stipul ated degree of
vacuum, and do not balance with the 20"-21" created by
the second engine when the latter is connected to the
train pipe.

In these circumstances, equilibrium must be restored
in all the cylinders of the train by operating each release
valve in succession, and when this has been done, re-
creating vacuum throughout the equipment in the normal
way.

Safety precautions.

The attention of all concerned is directed to the necessity
of complying with the Company's regulations for the
protection of staff working on carriages and wagons,
E.R.O. 10444 and 10445, whenever called upon to effect
any repair or adjustment, etc., to the Automatic Vacuum
or Hand Brake on either coaching or freight stock.
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