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DAVIES & METCALFE DUAL BRAKED LOCOMOTIVES.

These notes are intended to highlight the differences in the main air,
control alr and brake system from locomotives fitted with conventional
air/vacuum brake,

Main Air System,

A schematic diegram showing the system used on some Class 47 locomotives
is attach . but apart from minor variations which are detailed in the
following notes, the system is similar to other locomotive types.

On most duel braked locomotives two Davies & Metcalfe Oerlikon electrically=-
driven compressors, Type 2 A 115, are fitted capable of delivering up to
37.5 cubic feet/min., at 140 1b./sq.1in,, one being operational at all times
and the second in conjunction with the first for use when working air braked
trains,

The compressors are of the two stege reciprocating type, two cylinders
compressing the alr initielly then peassing on via ean intercccler to the
high pressure cylinder.

After the air has been compressed it passes on to an efter-cooler drip
cup and non-return valve into the main reservoir/s.

The compressors are controlled by a compressor governor to maintain the
pressure between 118/140 1b,/sq.in., An isolating cock is provicded to
enable the compressor governor to be isolated,

To avcid excessive pressure in the system two safety valves are provided
s.i at 150 1b./sq.in,

A low main reservoir pressure governor connected to the main reservoirs
cuts off locomotive power and initietes a D,S.D. brake application should
main reservoir pressure fall below 65 1b./sq.in. An isolating cock is
provided to enable the govermor to be isolsted,

An isolating cock is provided to enable the compressors and reservoirs to
be isolated from the locomotive equipment.,

The arrengement shown on the attached diegram is fitted to Class 47
locomotives which require air pressure to operate the Diesel engine
starting contectors, With this arrungement a Duplex check valve set at
72.5 1b./sq.in, is fitted between the two compressors before they deliver
air via a common pipe to the main reservoirs, The purpose of the valve
is to allow No, 1 compressor to pass air to the control air reservoir
without passing air to the main ressrvoirs during the locomotive starting
sequence, When the pressure in the control air reservoir reaches 45 1b,/
33.in, No, 1 compressor is stopped by the Prestart Governmor thus avoiding
excessive current being drawn from the battery.

After starting the Diesel engire the auxiliery generator voltege will cause
either one or both compressors to run under the control of the compressor
governor,

From the main reservoirs the air is supplied to the locomotive reservoir
supply pipe which supplies air to the follcwing:=

(1) Horns, Wipers and Sanding - Cocks provided for isolation,

(2) Direct air brake system, Driver's FD1l breke valves and D1
relay valve/s = Isolating cocks provided for bogie isolation,

(3) Auto air brake valves FVi.,
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(4) Boiler feed (where required),
(5) D.S.D. E.P, valve,

(€) AMW,S, equipment - mein air feed to both A,W,S. change end
switches and A,W.S. (Baldwin) E,P, valves,

(7) Auxi’ iry reservoirs serving the auto air brake LST3 distributor
and each D1 relay valve, These feeds are taken vie check valves,
which prevert leak back of air should the main reservoir system
feil, On other locomotive types one reservoir is provided to
supply both D1 relay valves.

(8) Pressure control valve FVF2 set 100 1b./sg.in. supplies the main
reservoir pipe, This pipe has two functions, i.e,

(a) When working Z2-pipe air breaked trains the end coupling is
conrected to the train mein reservoir plpe coupling
(coloured yellow) end provides a 100 1»./sq.in. feed to
the train bra'e auxillary reservolrs,

(v) When working in multiple as a pipe allowing pressurs at
100 1b,/sg.in. to pass to enother locomotive whose main
reasrvolr s at a lower pressure, In rzverss air cen be
fed into the locomotive system from another locomotive via
the che:k valwve connected between the main reservoir pipe
end lorowmotive ressrvolr supply pipe.

From cie description of the prossurs control wvalvz it will be
appreciated that if a serious leak develops on the main reservoir
pipe the locomotive maln reservoir suprly pressurs will be reduced,
This undesirable arrangement was fitted to all locomotives fitted
with dual brakes :p to 1971,

Subsequently a Duplex check valve set at 75 1b./sq.in, has been
included in the system connectzd in series with the pressure
sontrol valve and this restrizta the logs of locomotive main
reservolr pressure to 7% 1b./sq.in. if the main reservoir pipe
develops a leak, This arrangement is included on many
locomotives converted to dual brakes sinece 1971,

(9) Meain reservoir pressure gauge (1450/118 1b./sq.ia.)
(10) On recsnt conversions a Duplex gauge is fitted indizating main
reservolr pressure (1407118 1b./sq.in,) and mein reservoir pipe

pressure (100 1b,/aq.in.)

Control Air System,

An lsolating cock 13 provided to enable the contrcl alr reservoir to be
izolated from the main reservoir,

The system is nontrolled by a check valve and reducing valve to 7T2.5 1b./sc. in,
from which the air passes into the control eir reservoir which supplies the
following equipment:=

(1) Z=lactrical cubisls - for operation of air operated electrical
equipment,

(2) Control air presaurs gauge.



(3) Anti-slip E.P, valve - when energised passes an air feed to
the distributor meking a partial brake application,
(&) Accelerator valves (power=handle operated),

Conventional system of engine speed control = air passes from
th accelerator valve to the regulating air pipe and through
svlenoid velve E.S.,V, to the engine governor,

(5) Through a choke to the A.W.S./D.S.D., TMV7 valve and associated
timing reservoirs,

Auto Air and Vacuum Brake System,

A dlagrem is attached to show the relationship of the equipment detailed
below, The details of operation of each valve are given in the following
notes,

1., Driver's Brake Valve,

An FV4A Driver's Brake Valve is provided in eaoh cab, The valve controls
air brake pipe pressure and & vacuum valve is fitted which destroys vacuum
brake pipe when the handle is placed to "Emergency".

An electrical contact is fitted which closes in "Release" to speed up the
exhausters and operates the exhauster choks valve,

.n isolating cock is provided in the air supply pipe to both brake valves

enabling the valves to be isolated for maintenance or under fault conditions,
On Type 1 locomotives one cock isolates both brake valves,

2, Air/Vacuum Relay Valve,

A DV2 air/vacuum relay valve is provided and operates during "Vaocuum"
working to give proportional decrease in vacuum brake pipe to corre spond
to decrease in air brake pipe pressure,

An isolating cock is provided in the vacuum brake pipe connection to the
valve to be used under fault conditions. When the cook is isolated the
vacuum brake pipe governor will also be isolated,

A release valve (button type) is provided to enable the air control
chamber pressure of the valve to be released., If the chamber retains an
overcharge the vasuum/air brake pipe proportionality will be affected and
also locomotive and train brakes may 'drag' when brake valve handle is
placed in "Running®,

3. Distributor,

An LST3GP Distributor {once called a Triple Valve) is provided which
responds to change in Vacuum brakes pipe or Air brake pipe pressure to
apply or release the locomotive air brakes,

A hand operated release valve is provided to enable the distributor air
control chamber pressure to be released. This would be used to relecase
the locomotive brake if air brake pipe pressure was not available,

Two hand operated release valves, one in each cab, are provided to enable
the distributor vacuum contrgl chamber to be destroyed. This would be
used to release the locomotive brakes when changing over from vacuum

to air working or if vacuum could not be created,
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Note: It should be noted that during changeover from vacwm to air working
or af'ter depot maintenance the distributor air control chamber
pressure may be reduced. Under these conditions a full auto air
locomotive brske application may not be available and up to four
minutes should be allowed to recharge the distributor air control
chamber,

L. Air/Vacuuw Jisolating Valve,

An air/vecuum isolating valve is provided and when working in vacuum positions,
the valve renders the distributor autc air brake section inoperative,

5. Auto Air Relay Valves,

A Dl relsy valve is provided for each bogie and applies the locomotive air
brake initiated by the distributor. Bogie isclating cocks are provided in
the feed from each relay valve to the brake cylinders, On some locomotives
isolating cocks are fitted in the supply to the relay valves,

6. D.S.D, and A,W.S. Brake Application Valve,

A TMV.7 velve is provided and is initiated by either D,S.D. or A.W.S. system
operetion to reduce air brake pipe pressure,

In addition, should the main reservoir pressure fall below 65 lb,/sq.in, the
low main reservoir pressure governor will initiate a D.S.D. brake application,

An isolating cock is provided in the D,S.D, air breke pipe connection tc the
TMV.7 valve and cen be used to isolate the D,S,D, system under fault conditions.

Note: IF THE D,S.D, IS ISOLATED AS ABOVE IT IS ESSENTIAL THAT THE D,S.D.
PEDAL IS DEPRESSED AT ALL TIMES WHEN THE LOCOMOTIVE IS UNDER POWER
IN ORDER TO MAINTAIN AIR BRAKE PIPE PRESSURE,

The A.W.S, equipment may be isolated by placing the cab A,W.S. change end
awltch isoclating handles in both cabs to the "OFF" position and by operation
of the isolation hendle in a driving ocab.

7. Vecuum Brake Pipe Governor.

4 vacuum governor is connected to the vacuum brake pipe and cuts off locomotive
power if vacuum falls below 13", In air working the brske selector switch
shorts out the governor,

8, 4Air Brake Pipe Governor.

A governor is connected to the air brake pipe and cuts off locomotive power
it pressure falls below 48 lb,./sg.in. :

90 Cab Gal_:‘gea.
Gauges are provided in each cab to indicate air brake pipe pressure, breke
cylinder pressures, vacuum brake pipe and vacuum chamber,

10, Brake Valve Igolators,

One eleotrically operated brake valve isolator is connected in the main
reservoir supply to each auto eir brake valve and oloses in the event of a
D.S.D, application.

Alao one air opersted brake valve igolator is connected in the feed from each
auto air brake valve to the air brake pipe and will close in the event of an
AW.3, application,

On Type 1 locomotives one D.S.D. and one A,W.S. brgke valve isolator is
provided for both brake valves,



Pressure Control Valve FVPF 2.

Referring to diagram opposite,

With no air ’n the system the pressure regulating inlet valve will
be held ow . by compression on the regulating spring,

As air pressure builds up in the systemsir passes into chambers
(4) and (B) and builds up under diaphragms (C) and (D), causing the
main inlet valve to open and pass air to the main raservoir pipe.

When 100 1b./sq.in, acts under diaphraga (C) the spring will compress
causing the pressure regulating inlet valve to seat., The main inlet
valve is held open by 100 1b./sq.in, acting under diaphragm (D) wntil
100 1b,/sq.in, builds up in the main reservoir pipe and above diaphragm

(D) at which time the diaphragm is in a balanced position and the main
inlet valve will resume its seat,

The valve is self lapping thuas any pressure drop in the main reservoir

pipe is compensated by operation of diaphragm (D) and the main inlet
valve,

The valve setting may be adjusted by varying the compression on the
regulating spring by means of the adjusting screw,

NOTE: In future valves will be supplied with a small drilling through
the length of valve operating stem 'D', The drilling will
improve sensitivity of the valve and ensure that the valve
laps off at 100 1b,/sq.in. in the main reservoir pipe, excess
pressure being vented to atmosphere through the drilling,

Modified Arrengement Main Reservoir Pipe Supply.

59 59

MAIN RESERVOIR SUPPLY 140/118

;u'b:"'.‘_”: *
—t LA

MAIN RESERVOIR PIFE v

DUPLEX

CHECK

VALVE
16

This arrangement is fitted to all current Dusl Brake conversions, as
mentioned on Page 2,

With this arrangement Check Valve 30 replaces the two Check Valves 30

shown on the sohematic diagram connected between the Main Reservoir Pipe
and Main Reservoir Supply,

Also a Duplex pressure gauge in each cab recording Main Reservoir Supply
and Main Reservoir Pipe pressures replaces the single gauge 59,
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Auto Air Brake Valve FVLA.

Congtruction of Valve,

Referring to the attached diagram, the brake valve may be considered to
consiast 0. three main sections.

1, Pressure Regulator is a sensitive valve which responds to movement
of the brake valve handle to puss varying pressure signals to the relay
valve assembly, The valve incorporates a bleed hole (8) which inareases
the valve sensitivity since the valve will continually operate to vent to
atmosphere any pressure above the brake valve setting, A choke (7) is
incorporated into the valve hollow stem valve which gives a controlled
rate of brake pipe drop during service brake applications,

2. Relay Valve is capable of handling large volumes of air and responds

to pressure signals from the pressure regulator to charge or exhaust air
from the air brake pipe., The operation is identical to the conventional
relay valve, the response of the equalising diaphragm (21) being controlled
through equalisation choke (27).

3. Cam operated valves which are operated by cam profiles fitted to the
valve body dependent upon brake valve handle position, A diagram showing
operation of the valves is shown opposite and detailed below:

(a) Emergency valve (40) which opens to vent the air brake pipe directly
to atmosphere, Open in "Emergenocy" only,

(b) Sealing valve (41) which controls the air flow from the relay valve
assembly to the air brake pipe.

(1) Valve closed "Emergency" and "Shut Down",

(ii) Valve partially open "Running"., Throttle washer (42)
restricts flow of air from the relay valve assembly to
the air brake pipe which prevents the brake valve
overcoming a Guard's or Passenger brake application
or burst hose on an air breked train,

(1i1) Valve fully open "Braking". Unrestricted flow from air
brake pipe to relay velve assembly,

(iv) Valve fully open "Release", Valve lift greater than in
"Braking" causing Pill valve to move off its seat which
initiates an air brake pipe overcharge condition, Throttle
washer does not restrict flow of air from relay valve
assembly to air brake pipe,



ATMOSPHERE

|

AIR BRAKE PIPE

" o0

EMERGENCY Gq o)
VALVE )

CAM SHAFT VALVE
POSITIONS _FOR
FILL VALVE E RAKE V
SEALING VALVE (41)

‘RELEASE.  POSITION

‘|

SN 4\}\ SN
L,
4
g

"RUNNING POSITION 'BRAKING' POSITION

NS SN NN

A SN N ANTANSAN

N

'EMERGENCY' POSITION

‘SHUT DOWN POSITION'




Operation of the Valve,

" unning".

When the brake valve handle is placed to the "Running" position the
oylindrical camshaft (1) which is rotated by the handle (2) is moved to
its lowest poss.lon by the action of the spigot (3) moving along en
inciined plan. in the valve body (5). In this position the control
spring (6) is compressed and forces the regulating diaphregm end stem
valve (7) downwards until the tip of the stem valve seats on the inlet
valve and seals chamber (10) from utmosphere; further downwards movement
of the stem valve pushes the inlet valve off its seat allowing air from
the main reservoir in chamber (9) to pass to chamber (10) until the
pressure acting upwards on the diaphragm equals the downwards force of
the control spring, when the return spring below the inlet valve closes
the velve, Pressure in (10) is thus regulated to 72.5 1b./sq.in.

Air at the same pressure aa in chamber (10) passes to chamber (20) of

the reley velve and acts on the underside of the diaphregm (21) and lifts
the stem valve (22) upwards until its tip seats on the underside of the
inlet valve (23) and seals chamber (25) from atmosphere, Further
upwards movements of the stem velve lift the inlet valve off its seat and
allow air from the main reservoir ohamber (24) to flow to (25), ebove the
diaphragm (21) and via the seeling valve (41) to the air brake pipe. When
pressure in (25) and sbove diaphregm (21) reaches 72.5 1b./sq.in, the dlaphragm
will be in a balanced condition and the return spring (24) above the inlet
valve closes the valve thus regulating the air brake pipe pressure to
72,5 1b./sq.in.

Braking = "Running" - "Full Service®,

When the brake velve handle is moved towards the Full Service position the
cam cylinder rotates anti-clockwise, The spigot moving along the inclined
plane raises the cam cylinder and thus reduoces the compressive force in the
control spring (6) according to the degree of movement of the valve handle.
The reduction in the downwards force on the diaphragm (7) allows the
pressure in chamber (10) to 1ift the diaphragm until the tip of the stem
velve leaves the inlet valve, allowing air in (10) to escepe to atmosphere
vie valve body seal (14) until the pressure in (10) is reduced by an amount
to equal the new downwards force in the control spring (6).

The reduction in pressure in chember (10) is also reflected in chamber (20)

of the relsy valve, but at this instant pressure in (25) and the air brake .
pipe is still at 72.5 lb./sq.in. which means that pressure above diaphragm (21,‘
is greater than that below it, This results in the stem valve moving

downwards until the tip of the stem leaves the underside of the inlet valve (23)
ellowing air <o escape to atmosphere via (29) until the pressure falls to the new
lower pressure in (20) when the stem valve again lifts until its tip seats on
the inlet valve,

If it is necessery to pertially release a brake application, the brake valve
handle is moved toward the running position and the compressive force in the
control spring (6) is increased. This results in presswre inoreasing in

chamber (10) and (20) with & resultant increase in pressure in the air brake

pipe.
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"Release",

When the brake valve handle is placed in the "Release" position the
movement of vhe sealing valve (41) will cause the Fill valve to open,
“his permi.s air brake pipe pressure at 72,5 1b,/sq.in. to rass into
chamber (44) which acis on diaphragm assembly (46) to compress

spring (47) and seal the hollow stem valve; air pressure also passes
via choke (16) to charge up the overcharge reservoir and via choke (17)
into the body of the brake valve (5), Air feeding into the brake
valve body is vented through choke (18) but because the choke is smaller
than choke (17) a pressure will build up in the valves body which acts
on the top of the diaphragm assembly (7§ which moves downwards., This
forces the inlet valve of the pressure regulator to open allowing air
pressure to build up in chember (10). When pressure has incressed by
6/7 1b./8q.in, the diaphragm assembly (7) will be in a balanced
condition and return to its original position, closing the inlet valve,
The inorease in pressure in chamber (10) is sensed in chamber (2) of the
relay velve, hence air brake pipe pressure will be raised by 6/7 1b./sq.in,
to an overcharge condition of ap»rox, 78.5 1b./sc.in.

When the brake valve handle is returned to "Running” the PFill valve

will close cutting off the air feed to the brake velve body., The
pressure in the valve body will reduce at a controlled rate determined

by the discharge to atmosphere through choke (18), the capacity of

the overcharge reservoir and the sizes of chokes 16 and 17, consequently
the air brake pipe pressure will gradually return to 72.5 1lb./sq.in. The
time taken for the air brake pipe pressure to fall from 78.5 1b./sq.in. to
72.5 1b./8q.in, is known as the "bleed down" time and is oriticel for

the first L 1b./sq.in. drop. When the air brake pipe pressure drops

to approximately 74 1b./sq.in. insuffioient pressure is availsble to

hold diaphragm assembly (46) against its seat thus spring (47) will
return the assembly to its normel position. This exposes the assembly
hollow stem valve which gives an additional point for pressure in the
overcharge reservoir and valve body to escape to atmosphere,

It should be noted thet if the brake valve is placed in a braking
position whilst in an overcharge condition the brake valve body and
overcharge reservoir pressure will vent through the valve body seal (1),

Adjustment of Brake Valve,

The setting of the brake valve in the "Running” position may be carried
out by means of adjusting screw (11),
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Air/Nacuum Relay Valve DV2.

Construction of Valve,

Referring to diagram attached, the air/vacuum relay valve can be considered
to consist of two main sections:

(1) A device sensitive to chance in air brake pipe pressure,
(2) A @ sice sensitive to change in vacuum brake pipe.

Considering (1), This consists of a shallow cylinder separated by a
dlaphragm into two separate chambers (J) and (K).

Chamber (J) is connected to the air brake pipe, When t?e air brake pi

is charged to a nominal 72.5 1b./sq.in. air pressure in (J) forces the loose
inner section of the diaphragm away from its supporting plate to allow air
to flow into (K) until this chamber and its associated air reservoir are
charged to 72.5 1b./sq.in. The diaphragm is now in a balanced condition,

Next consider that a brake application is made by reducing the air brake

Pipe pressure, say to 60 1b./sq.in, Pressure in (J) is also reduced to .
60 1b./8q.in, Lut the pressure in (K) at this instant is still 72.5 1b./sq.in.
which means that the loose inner section of the diaphragm is forced against
the supporting plate, sealing off the holes drilled through to (J). There
is now a pressure difference of 12.5 1b./sq.in. acting upwards on the air
diaphragm and its supporting plate which is transmitted to central spindle,
moving it upwards, At the top of the spindle is the vacuum valve which
places the vaouum brake pipe in communication with the atmosphere, Thus

by varying the air brake pipe pressure between 72.5 1b./sq.in. and 48.5 1b./sq.in.
a varying force is transmitted to the vacuum valve spindle,

Considering (2). 'This consists of a somewhat larger shallow cylinder
separated by a diaphragm into two chambers (M) and (N), Chambers (M) and
(L§ are common because of the choke in the plate separating them, whilst

(L) is integrel with the vacuum brake pipe. With the brakes released there
will be 21" of vacuum in the vaouum brake pipe and in (L) and (). Any
atmospheric air in (N) will 1lift the loose inner annular section of the
vacuum diaphragm supporting plate and will be drawn through the holes drilled
through the plate into (M) until the vacuum in (N) rises to 21", When there
is 21" of vacuum in (M) and (N) the vaouum diaphragm will be in a balanced
condition,

If the vaouum valve is lifted from its seat, atmospheric air will enter
(L), the vacuum brake pipe and chamber (M).  Atmospheric preassure acting
on the upper side of the vacuum diaphragm forces the looss inner section
against the supporting plate, sealing the holes communiocating with (N),
Thus vacuum will be maintained at approximately 21" in (N). There is now
a downwards force transmitted by the vacuum diaphragm to the vacuum valve
spindle proportional to the reduction in vacuum brake pipe.

Operation of Valve,

Considering the air sensitive device (1) in conjunction with the vacuum
sensitive device (2) and that the brakes are released, there will be

72.5 1b./9q.in. pressure in the air brake pipe and 21" of vacuum in the vacuum
brake pipe. Air pressures being equal in (J) and (K) the air diaphraga

will be in a balanced condition; vaocuum being equal in (M) and (Nﬁ, the
vacuum diaphraegm will also be in a balanced condition., Hence no foroe

is transmitted to the vacuum valve spindle and the return spring above the
vacuum valve in (P) holds the valve on its seat.
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If a brake application is made by reduocing the air brake pipe pressure

to say 60 1b./sq.in, a pressure difference of 12.5 1b./sq.in. acts upwards
on the air diaphragm and on the vacuum valve spindle which rises and

1lifts the vacuum valve off its sesat, Atmospheric air enters the vacuum
brake pipe via (L) and also in (M) where it exerts a downwards force on
the vacuum diaphragm. When the downwards force on the vacuum diaphragm
equals the upwards force on the air diaphragm the diaphragm will be in a
brlanced condition and the return spring will close the vacuum valve, this
would occv- at approximately 11" in the vacuum brake pipe,

If, because of the action of the exhausters, the vacuum brake pipe rises
above 11" the downwards force on the vasuum diaphragm will be reduced

below that of the upwards force acting on the air diaphragm. The air
diaphragm will again 1ift the vacuum valve off its seat allowing atmospheric
air to enter the vacuum brake pipe until vacuum is reduced to 11", Thus

the air/vecuuw relay valve is self lapping., Thus any reduction in vacuum
brake pipe can be obtained and held according to the reduction in air brake
pipe pressure simply by moving the FV) brake valve handle to a position
giving the desired reduction in air brake pipe pressure,

A rough guide ¢s to the degree of reduction in vacuum brake pipe to expeot
when reducing the air brake pipe pressure whilst making a brake application
is to allow 1" reduction in vacuum for each 1 1b,/sq.in. reduction in air
brake pipe pressure between the "Running" and "Full Service" positions of
the air brake valve handle,

Incorporated into the valve are the following features:

(a) Emergency Vacuum Valve.

The purpose of this feature is to guard egainst any failure of the
valve to destroy vacuum brake pipe when a brake application is
made or if main reservoir pressure is lost.

The vacuum Emergency valve is held open by a spring which is
compressed if the air brake pipe pressure is above 4O 1b./sq.in,
to close the valve, It follows that if air brake pipe pressure
falls below 40 1b,/sq.in, the vacuum valve will be forced off its
seat allowing atmosphere into the vacuum brake pipe,

(b) Pressure Limiting Valve,

The purpose of this feature is to limit the pressure in the air
control chamber (K) of the valve to a nominal 72.5 1b./sq.in. when
the FV4 brake valve is placed in the "Release" position and air
brake pipe pressure rises to 78.5 1b,/sq.in.

The pressure limiting valve is held on its seat by a spring which
will compress when the pressure in chember (K) exceeds 72.5 1b,/sa.in,
to vent excess pressure to atmosphere, The correct setting of the
pressure limiting valve is achieved by inserting shims in between

the spring and the body of the valve,

Adjustment of Valve,

To obtain correct air brake pipe/vacuum brake pipe proportionality an
adjuster is incorporated into chamber (P) which may be used to vary the
compression on the valve return spring,

kA
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Airﬂaouum Isolating Valve,

Operation,
Referring t- diagram opposite,

(a) Air Working.

(b)

When working air braked trains the brake selector switch will be

in either of the "Air"™ positions. In these positions the exhausters
will not run consequently there will be no vaocuum in the vacuum
brake pipe or in the distributor vacuum control and expansion
chambers and henoe above the operating diaphragm of the air/vaounm
isolating valve,

The spring above the operating diaphragm will foroce the double
hollow stem valve downwards until its lower tip seats on the lower
sealing valve which seals distributor air control chamber (C) from
the air expansion chamber (D), At the same time the upper tip
moves away from the upper sealing valve which connects the
distributor vacuum control chamber (B) to the vacuum expansion
chamber (A) rendering the distributor vecuum control diaphragm
inoperative,

Vacuum Working.

When working vacuum braked trains the brake seleoctor switch will
be in either of the "Vacuum" positions., In these positions the
exhausters will run creating vacuum in the vacuum brake pipe, in
the distributor vacuum control and expansion chambers and above
the operating diaphragm of the air/vacuum isolating valve,

With vecuum above the diaphragm atmospheric pressure will foroe
the double hollow stem valve upwards until its upper tip seats
on the upper sealing valve which seals the distributor vacum
control chamber (A) from vacuum expansion chamber (B), At the
same time the lower tip moves away from the lower sealing valve
which oonnects the distributor air control chamber (C) to the
air expansion chamber (D) rendering the distributor air control
diaphragm inoperative,
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Distributor LST,3G/P.

Descrigtion.

Referring to the diagram attached, the valve can be considered to consiast
of six main seotions:

(1) A hollow stem valve, balancing diaphragm, anti-slip brake
iiaphragm and main inlet valve,

(2) An air control diaphragm which separates chambers (C) and (D)
and is sensitive to change in air brake pipe pressure when
working air braked trains,

(3) The sealing and the maximum pressure limiting valves.

(4) The goods/passenger valve (air brake timings).

(5) A vacuum con.rol diaphregm which separates chambers (A) and
(B) and is sensitive to change in vacuum brake pipe when working
vacuum braked trains,

(6) The vacuum brake timing electro-magnet valve.

The sections are dealt with in the following notes.,

Oggration.

It should be appreciated that only the appropriate control diaphrags
should be operative according to type of brake system in use on the train.
The ocontrol diaphragm not applicable to the braking system in use on the
train must be maintained in a balanced and nonwoperative condition, This
is achieved by the air/vacuum isolating valve as desoribed previously,

Operation of the Distributor, Air Braked Trains.

From the previous notes the vacuum control diaphragm is in a balanced
condition and ineffective,

Air from the air brake pipe is fed to air expansion chamber (D) via the
goods/passenger valve and the normally open maximum pressure limiting
valve .

At the same time air from the air brake pipe also feeds to air control
chamber (C) via the sealing valve and control charging choke,

When pressures in (C) and (D) are at the nominal running pressure of
72.5 1b./sq.in. the air control diaphragm is in 3 balanced condition,

Consider that a brake application is made by reducing the air brake
pipe pressure to 60 1lb./sq.in. Pressure in (D) falls to 60 1lb./sq.in.
but at this instant, because of the restriction offered by the control
charging choke, preasure in (C) remains at approximately 72.5 1b,/sq.in.

A pressure difference of 1°.5 1b./s0.in. is ncting on the air control
diaphragm lifting it upwards until the tip of the hollow stem valve seats
beneath the main inlet valve and then 1ifts the valve from its seat,
allowing air from the main supply to pass into chamber (F) and thence to
the auto brake relay valve. At the same time, air feeds from chamber (F)
to the sealing valve, forcing the diaphragm and valve down to close the
control charging choke., Chamber (C) is thus isolated from the air brake
pipe and pressure in (C) is maintained at approximately 72.5 1b./sq.in.



As pressure builds up in chamber (P) it passes through the equalisation
choke and eots on the balancing diaphragm in chamber (E)., When the

feroe on this diaphragm balances that of the air control diaphragm

the inlet valve is closed by the return spring, cutting off the air

supply to the auto brake relsy valves., Thus any degree of reduction

in air brake pipe pressure between 72.5 1b./sc.in. and 48.5 lb./sq.in. will
cause a oorresponding pressure difference across the air control diaphragm,
which in turn will be counterbalanced by the pressure acting on the
balancing diaphragm. The distributor is, therefore, self lapping in
operation in a similar manner to the usual proportional valve on
conventional braked locomotives,

The Maximum Pressure Limiting Valve,

The purpose of this valve is to prevent the maximum locomotive brake
cylinder pressure being exceeded should the air brake pipe pressure be
reduced to zero, as would be the case during an emergency brake application,

Normelly the maximum locomotive brake cylinder pressure is 65/70 1b./sq.in,
dependent upon locomotive type, which is obtained when the air brake pipe
pressure is reduced to 48,5 1b./sq.in. when a pressure difference of

24 1b./8q.in, acts across the sir control diephragm, If air brake ipe
pressure is reduced to zero, then a pressure difference of 72.5 1b. sq.in,
would act across the air control diaphregm which would result in the
locomotive breke cylinder pressure riging to that of the main supply
pressure of 118/140 1b./sq.in,

To prevent this excessive pressure it is necessary to limit the pressure
drop in chember (D) to 48.5 1b./sq.in. when the air brake ripe pressure is
reduced to zero, This is achieved by a spring loaded diaphragm and

valve contained in the maximum preasure limiting velve which, providing
the pressure differential in chambers (C) and (D) does not exceed

24 1b./sq.in., maintains the maximum pressure limiting valve open,

If air brake pipe messure is reduced to any value below 48.5 1b./sq.in. the
pressure differential ecross the spring loaded diaphragm will exceed

24 1b./sq.in., the spring resistance is overcome, and the diaphragm rises

80 that the valve closes isolating chamber (D) from the air brake pipe.
Pressure in (D) is thus mainteined at approximately 48.5 1lb./sq.in. during
an Emergency brake application,

The Goods{?assegggr Valve,

The purpose of this valve is to control the rate at which the locomotive
brake is applicd when the breke selector switch is in either of the "Air"
positions,

If the brake selector switch is in the "Air Passenger" position the
Goods/Passenger E.P, valve is energised closed allowing a rapid reduction
of pressure in chamber (C) through the Air Passenger application choke
when a brake application is made,

If the brake selector switch is in the Air Goods position the Goods/
Pagse iger 3.P. valve is de~energised open, If a breke application is
initiated, the E.P, valve remains de-energised and open allowing aeir
from chamber (F) to pess to the top of the Gooda/Passenger valve
diaphregm forcing it and its associated valve to olose, The flow

of air from chamber (D) is now restricted by the Air Goods application
and release choke, hence the rate at which the locomotive brake applies

is retarded.



Air Brake Timings,

Below are given typicel application and release timings detailing which
size of chok: controls the timing, For details of identification of
individuel :nokes refer to attached diagram,

APPLICATION RELE
Choke Time Choke Time
ATR
PASSENGER LARGE 3/5 Secs. MEDIUM 9/12 Secs.,
AIR SMALL Over 15 1b./ 3 SMALL Over 15 1b,/ )
GOODS sq.in, B/C sq.in. B/C
pressure., ) pressure,
320/28 Secs. 30/L45 Secs.
*LARGE Below 15 lb./ MEDIUM Below 15 1b,
sq.in. B/C 3 8q.in, B/C
pressure, pressure.

® Inshot Feature

Note: Above timings obtained when brake valve moved from 'RUNNING'
to 'EMERGENCY',

Anti-Slip Brake,

When the anti-slip breke is operated the anti-slip E.P, valve is energised
which passes control air pressure under the anti-slip diaphragm causing
the valve assembly to operate as for an gir or vacuum brake application

to give a breke cylinder pressure of 12/15 1b,./sq.in.

When the anti-slip E.P, velve is de=energised the chamber beneath the
anti-slip diaphregm is connected to atmosphere through the E,P, valve,



Operation of the Distributor - Vacuum Braked Trains.

From the previous notes the air control diaphragm is in a balanced
condition and ineffective,

With the exhausters running and vacuum in the vacuum brake pipe,
atmospheric air is withdrawn from chamber (A) and (B) via the release
valv® and cnoke until 21" of vacuum is created in both chambers and

in the vacuum control and expansion reservoirs., In this condition the
vacuum control diasphragm is balanced,

When a brake application is made, vacuum is reduced in the vacuum brake
pipe and in chember (A), but is maintained at 21" in chamber (B). There

is now a pressure difference acting acroas the veouum control diaphragm
which is proportional to the reduction of vacuum in chember (A). The
diaphragm lifts the hollow stem valve until its tip seats beneath the

inlet valve and then 1lifts the valve from its seat allowing air from the
air supply into chamber (F) and thence to the auto brake relay valve, In
the same mamner as when the distributor is operating for air braked trains,
pressure building up in chamber (F) also acts on the balancing diaphragm
in c¢hamber (E), When the Porce acting on the belancing diaphregm balances
the force acting on the vacuum control diaphregm, the main inlet valve is
closed by its return spring, cutting off the air supply to the auto brake
reley valves,

Thus any degree of reduction in vacuum brake pipe between 21" and O" will
cause a corresponding pressure difference across the vacuum control diaphragm,
which in turn will be counterbalanced by the pressure acting on the balancing
di&phr&@o

The Vacuum Timings, Electro-magnet Valve,

The purpose of this valve is to control the rate at which the locomotive
brake applies when the brake selector switch is in either of the "Vacuum"
positions,

If the breke selector awitch is in the "Vacuum Passenger" position the
magnet valve is energised and the solencid valve will be lifted off its
seat, When a brake application is made, atmospheric air entering the
vacuum brake pipe passes into chamber (A$ through the Passenger and Goods
chokes resulting in a rapid destruction of vacuum in that chember and
after a short time delay, the locomotive brakes apply.

If the brake selector switoh is in the "Vacuum Goods" position, the

magnet valve is de~energised and the solenoid valve remains seated, If
vacuum brake pipe is destroyed, atmospheric air enters chamber (A) through
the Goods choke only, thus vacuum in this chamber is reduced at a slow
rate, Consequently there is a deleyed application of the locomotive
brakes,

Vacuum Brake Timings,

APPLICATION, BRELEASE,
VACUUM PASSENGER 5/8 SECS. 10 SECS.

VACUUM GOODS 25/30 SECS. 10 SECS.
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Modified Proggrtionalitz.

(1)

(2)

It was found that when working vacuum braked with this distributor
when a partial brake application was made the majority of braking
load was taken by the locomotive in comparison with the train
vehioles, This resulted in a fire risk from locomotive breke
block sparks and overheating of locomotive tyres.

To overrome this deficiency a modification was carried out on
distributors fitted to locomotives which were Fitted with dual
brakes 1969 « 71 ag followsiw=

(a) A spring fitted above the vacuum disphragm pressure plate

meking the diephragm inoperative until vacuum brake pipe
falls to 16",

(b) The above modification reduces the maximum brake cylinder
pressure in vacuum working, consequently an additional
balancing diaphragm with e smaller pressure plate than
normal is fitted, In air working the normal pressure
plate is used to give the maximum brske cylinder pressure,
in vacuum working the smaller pregsure plate is used, This
is achieved by an additional E.P, valve which is energised
open in both "Vaouum™ positions of the brake selector switch
to pass air pressure between the smell and normal pressure
pletes. This renders the normal pressure plate inoperative
and balancing is effected by the smaller pressure plate
which gives normal brake cylinder pressure,

A diagram showing the sbove arrangement is shown opposite.
Experience with the above arrangsment has shown that the same
effect can be achieved by the following modification:

(a) Spring sbove vacuum control diaphragm as previously,

(b) Smaller preasure plate balancing diaphragm assembly,

(¢) Smaller pressure plate air control diaphragm,

(d) Smaller pressure plate anti-slip brake diaphragm.

Some locomotives converted to dusl breking after late 1971 are

fitted with the above arrangement and the modification may be
made retrospective to other locomotives,

Identification of Distributors,

(a)
(v)
(o)

Note:

Conventional Distributor LST.3G/P Type 2.

Distributor with E,P, valve modified proportionality LST.3G/P Type 7.

Distributor with altered pressure plates modified proportionelity
LST.3G/P Type 8,

Distributor (a) can be fitied in place of (b) or (c)
Distributors, no modified proportionality.

Distributor (b) can be fitted in place of (a) or (e¢)
Distributors, no modified proportionality. Maximum brake cylinder
pressure low in "Vacuuwm" working,

Distributor (¢) can be fitted in place of (a) or (b)
Distributors, modified proportionality obtained,
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A, W.S, and D,S,D. Braking Equipment,

When either A.W.S, or D.S.D. applications take place both the
locomotive brake end train air or vacuum brake must apply within a
specified time limit, This is done by exhausting the air brake pipe
pressure to atmosphere at a controlled rate at the T™V.7 D.S.D. valve,
To prevent the air brake valve in the locomotive driving cab feeding
air into the air brake pipe, brake valve isolators are provided to

shut off the air supply to the air brake pipe during A.W.S. or D.S.D.
applications,

D.S.D, Valve ™V,7.

Referring to disgram opposite, the TMV.7 valve may be considered in
two main seotions:-

(1) The left hand section, comprising of two chambers (C) and
(D). Chamber (D) communicates with the timing reservoir/s
and houses a valve, normally held closed by a spring, When
this valve is open chamber (D) is connected to atmosphere via
choke 28,

Chamber (C) communicates with the air brake pipe through the
A.W.S, and D,S.D. exhaust valves and contains a diaphragm
attached by a spindle to the valve in (D).

(2) The right hand section comprising of two chambers (4) and (B),
which are separated by a diaphragm, The diaphragm is attached
to a hollow stem immediately above whioch is sealing valve.

When the stem is away from the sealing valve chamber (B) is

in communication with the atmosphere, When the stem is
lifted and seats on the sealing valve, chamber (B) is isolated
from the atmosphere. A bleed hole (E) is provided in chamber
(B) to enable any trapped air in chambers (B) or (C) to escape
to atmosphers,

Exhaust Valves,

As shown opposite, each exhaust valve consists of a plunger type piston
subjected to main reservoir pressure on its upper larger area, and to
air brake pipe pressure on its lower smaller area, When main reservoir
pressure acts on the plunger, it is forced downwards and isolates the
air brake pipe connection to the T™MV,7 valve, If main reservoir
pressure is exhausted from sbove the plunger, air breke pipe pressure
1ifts the plunger to its upper position and the air brake pipe is
Placed in communication with chambers (B) and (C) in the T™™V,7 valve,
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Brake Valve Iasolators,

Two brake valve isolators are provided for each air brake valve, one
operated by the A.W.S. and the other by the D,S.D. system,

(a) A.W.S., Brake Valve Isolator,

(b)

Refer to diagram opposite.

The valve is connected in the supply from the air brake valve to
the air brake pipe. When the A.W.S. equipment is in the running
condition air pressure from the A,W,S. Baldwin E.P, valve acts
under the piston which 1lifts to open the inlet valve and allows
free flow between the air brake valve and air braks pipe,

When an A.W,S. application occurs, air from beneath the piston
is vented to atmosphere through the A,W.S. Baldwin E,P, valve
and the inlet velve closes shutting off the supply to the air
brake pipe,

D,S.D, Brake Valve Isolator,
Refer to diagram opposite,

The valve is connected in the supply from the maia reservoir :
to the air brake valve and is eleotrically operated by a solenoid
valve which is eleotrically connected with the D.S.D. E.P, valve
end is energised open by the Driver's D.S.D. pedal or holdover
button,

It will be seen that the operation of the isolating seotion of
the valve is identical to the A,W.S., brake valve isolator with the
exception that the piston is operated by air pressure from the
attached solenoid valve, When the solenoid valve is energised
air passes to the piston which opens the inlet valve and when the
solenoid is de-energised the air under the piston exhausts to
atmosphere and the inlet valve closes, shutting off the supply

of air to the brake valve,
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Operation of A,W.S. and D,3,D, Systems,

l. D.S.D, System - Refer to diagram opposite,

When the D,S.D. pedal or holdover button is depressed, the D,8,D., E.P,
valve i3 energised, allowing air st main reservoir pressure to charge the
timing reservoir and to close the exhaust valve,

Air from the air brake pipe feeds via an isolating cock to the undsrsige
of the exhaust valve but at this instant cannot pass the valve into the
connestion to the TMV,7 valve,

Alr from the control air system feeds into the timing reservoirs F and
and chambers (A) and (D) of the T™MV,7 valve. In chamber (4) it sots o
the underside of the diaphragm of the hollow stem valye lifting the stem
upwards until it seats on the underside of the sealing valve,

If the D,S.D, pedal is released the D,S.D, brake valve isolator is
de=energised and closes and the D,S.D. E.P. valve is de-energised, allowing
air in the timing reservoir and above the exhaust valve to escape at a
controlled rate to atmosphere. After a delay of approximately 5 = 7
seconds, pressure above the exhaust valve will have fallen sufficiently

to allow the air brake pipe pressure to 1lift the valve to its upper
position connecting the air brake pipe to the T™™MV,7 valve,

Air from the air brake pipe enters the TMV.7 valve chamber (B) but at
this instant the hollow stem is seated beneath the sealing valve preventing
alr brake pipe air escaping to atmosphere, However, air brake pipe
pressure acts on the piston in chamber (C) which is pushed downwards and
unseats the valve in chamber (D) allowing control air to escape via choke
28.  Pressure in chambers (A) and (D) now falls at a rate depending on
whether one or both timing reservoirs F and G are connected, and when
pressure in chamber (A) falls below that of the air brake pipe pressure
acting above the diaphragm in chamber (B), the hollow stem is moved
downwards and leaves the underside of the sealing valve thus placing
chamber (B) in communication with the atmosphere,

The air brake pipe is vented to atmosphere via the hollow stem and the
locomotive and train brakes are applied,

Low Main Reservoir Pressure Protection,

The low main reservoir pressure governor is eleotrically connected in
cireuit with the D.8.D. E.P, valve and brake valve isolatora, Thus the
D.8.D. cannot be energised if main reservoir pressure has not reached
85 1b./sq.in, and a D.S5.D. brake application will ocour if the main
reservoir pressure falls below 65 1lb./sq.in,
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2. AW.3, System - Refer to diagram attached.

One Baldwin E,P, valve, change end switch, timing reservoir, brake valve
isolator and exhsust valve is provided for each cab of the locomotive,

Under normal running conditions both Baldwin E.P, valves will be energised,
passing riin reservoir supply pressure to charge the timing reservoirs,
open the brake valve isolators and close the exhaust valves,

If the A, W.S., operates for a 'WARNING' condition both Baldwin E,P, valves
will de-energise and the following will occur,

(a) Driving Cab,

The Baldwin E,P, valve admits air to the horn and at the same time exhausts
air from the brake valve isolator timing reservoir and the exhaust valve,
After a delay of approximately three seconds, pressure above the exhaust
valve will have fallen sufficiently to allow the air brake pipe pressure to
lift the valve to its upper position, The air brake pipe is now connected
to the TMV,7 valve which now functions exactly as for a D,S.D, operatiom,
Also the brske valve isolator will close,

(b) Non=driving Cab.

The change~end switch will be in the 'OFF' position, and air at main reservoir
pressure is supplied continually to the timing reservoir and exhaust valve
and brake valve isolator., Thus the A.W.S. equipment for this end is
inoperative when the Baldwin E.P, valve is de-energised,

A.W.S, and D.S.D. Application Braking Rate.

The rate at which the TMV,7 valve discharges the air brake pipe pressure
to atmosphere depends upon the capacity of the timing reservoirs connected
to chambers (4) and (D).

Two timing reservoirs are provided; Reservoir F is connected to the
T™MV.7 velve in all positions of the brake selector switch and a larger
reservoir G is connected to the valve through an E,P., valve which is
energised open when the brake selector switch is in 'Vacuum Goods'.

Thus the rate at which the air brake pipe pressure falls in 'Air Passenger',

'Air Gooda' and 'Vacuum Passenger' is constant and in 'Vacuum Goods' the
rate is much slower.

ALW.S’ and DJS.D. Timi!‘gso

Brake Selector Air Brake Pipe Loco, Brake
Switch Position, to drop cylinder pressure

72.5/48,5 1b/sc.in., to rise O - 65 1b,/sq.in,
AIR PASSENGER 12/15 secs. 12/15 secs.
AIR GOODS 12/15 secs, - 20/28 secs, * Distributor

Timing,

VACUUM PASSENGER 12/15 secs, 12/15 secs.
VACUUM GOODS 30/L0 secs. 30/40 seos.,

Note: For details of operation of the Baldwin E,P. valve, refer to
A W.S. system notes,
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