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BRITISH RAILWAYS AIR CONDITIONED TRAIN
AUXILIARY POWER EQUIPMENT

INTRODUCTION

The Midland Region train consists of 6 cars and the Western Region train of 8 cars,
the train arrangements being shown in Fig.l.

The power for the Air Conditioning equipment and for lighting the train is obtained
from 2 auxiliary power units mounted on the underframes of the cars situated next to
the Motive Power Cars, i.e. the Kitchen cars on the Midland Region 6 car trains and
the 2nd class Parlour cars on the Western Region 8 car trains.

Each auxiliary power unit consists of an engine driven alternator with its associated
voltage regulator and switchgear, arranged to supply its own feeder mains running the
length of the train. The two feeder systems are separate and distinct and distributors
are tapped off at each car. No provision is made for parallel running of the
alternators.

One power wnit will be sufficient for summer cooling and normal heating conditions,

but both units will be required for extreme winter conditions. Under normal conditiens
one power unit will act as a standby.

Automatic control gear is provided to ensure that priority loads will be connected to
the first power unit to be started up. Additional loads will be supplied by the second
power unit. The shutting down of the first power unit automatically sheds the priority
load on to the second power unit.

The terminal voltage of the alternators is controlled by automatic carbon pile
regulators.

The starting and stopping of the engines is controlled by push buttons in the same car
as the auxiliary power unit. The current for the control circuits and starting motor
is provided from a 24 volt battery.

The electrical inter-car couplings must be inserted throughout the train before the
feeder contactors can be closed. Any break in the coupling circuits immediately
disconnects the feeder mains from the power units. This ensures that exposed coupling
pins are safe.

A comprehensive system of protective devices, embodying visual warning is provided
to safeguard the electrical and mechanical apparatus.



AUXILIARY POWER CAR EQUIPMENT

Mounted on the underframe of each auxiliary power car is an engine driven altemator
gset comprising @

Rolls Royce horizontal 8 cylinder normally aspirated oil engine, type c8
NFH Series 821.

Stone's TONUM alternator with overlumg exciter, type ARK 64L/XR22S, 150 KVA,
400V, 3-phase, 50 c/s.

The engine and alternator are bolted together to form one unit. The alternator is
driven from the engine by means of a Twiflex coupling..

The engine alternator unit is resiliently mounted under the car, the shafts being
parallel to the direction of travel. The engine is accessible for servicing from both
sides of the track. The radiator is mounted on the underframe in such a position that
air is drawn in from the side of the car by the ‘Serck’ hydraulicly driven fan.

The exhaust gases pass from the engine exhaust manifold through flexible piping to an
underframe mounted silencer and then to the end of the car where they enter a secondary
silencer before exhausting at roof level.

The fuel tank is situated on the centre line of the underframe and has a capacity of
100 gallons. Two filler pipes fitted with caps are provided, one on each side of the
car. Two mechanical fuel gauges are fitted to the tank and one is visible from each

filling position.

The 4-pole alternator is of the rotating field type having salient poles with pole
face windings for improved stability of operation. The machine is totally enclosed
and is cooled by an external cowled fan, mounted on an extension of the rotor shaft,
which blows air over the finned exterior.

In addition to the engine driven alternator set, electrical equipment in totally
enclosed boxes is mounted on the underframe of the auxiliary power car. The following
are the principal items mounted under the car : (See Fig.2.)

Feeder contactor panel

Feeder interlock and tachometer relay panel
Load change-over panel

Battery charging transformer - rectifier units

Battery, 24 volt 216 Ah.
The following equipment is installed in a control cubicle inside the car : (See Fig.3.)

Engine control panel

Instrument and indicator light panel
Regulator panel

Stabilising transformer panel

Fuse and distribution panel
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The following protective devices are incorporated in the equipment :

Overvoltage relay
Overload relay

Low water level switch
Low oil pressure switch
Fire control switches

In addition the usual fuse protection is provided.

The overvoltage relay is energised if the line voltage exceeds 600 V and interrupts
the supply to the control circuits. The fuel-on solenoid is de-energised at the same
time and the engine shuts down. The 'Overvoltage' indicator light will be brought into
operation. The relay is situated on the Fuse and Distribution panel and may be reset
by hand after removal of the panel cover.

An overload on any of the three phases operates the overload relay, which opens the
feeder contactor, isolates the alternator, and brings the 'Overload’ indicaver light
into operation. The relay is situated in the feeder contactor switchbox beneath the
car but may be reset by hand from within the car.

The low water level and low oil pressure switches de-energise the fuel solenoid relay
and shut down the engine. Appropriate warning indicator lights are brought into
operation.

The fire control switches energise the feed stop relay which in turn trips the fuel
solenoid relay, so stopping the engine. Warning is given by a bell and the operation
of a special indicator light in the driver’'s cab.



ELECTRICAL CPERATION
Starting and stopping push button controls are arranged from two positions.

a) Inside the Car, on the Fngine Control panel

b} CQutside the Car, on one side near the engine
STARTING (Inside the car)

Starting from inside the car causes the engine to run up to its normal speed of
1500 r p.m , excites the alternator and connects it to its distribution feeder.

The ‘Start’ button is depressed and energises the start circuit, i.e., the Start and
Release relay, the Start relay, and the thermal relay. The coil circuits of the
interlock relay and idling solenoid are also opened. Fnergising the start circuit
operates the Starter solenoid, the Fuel Solencid relay and lights the green 'Start’
indicator light

The Starter solenoid operates the Starter motor

The Fuel Solenoid relay operates the 'Fuel-on' solenoid and lights the green "Fuel-on'
indicator light Tt also energises a Priming solenoid which resets an Fxcess Fuel
device for starting Since the Excess Fuel device has a "once only’ action, if the
engine fails to start from cold at the firsct attempt, both the "Stop’ and 'Start’
buttons must be pressed to cbtain 'Excess Fuel' for the restart.

When both the green 'Start’ and 'Fuel-on' indicator lights are illuminated, the
‘Start' butten may be released as the remainder of the starting sequence is automatic.

On firing, the engine accelerates and as it passes through idling speed, the idling
speed tachometer relay operates clesing the re-start delay relay. This relay has no
delay on closing but only on opening. The re-start delay relay energises the re-start
control relay which in turn de-energises the starter solenoid, extinguishes the "Start’
indicator light and inserts an economy resistance in series with the fuel solenoid

relay

When the operating speed is reached, a second tachometer relay energises a synchronous
relay. The alternator having built up to full voltage, operation of the synchronous
relay brings in the main contactor to energise the distribution feeder. The

appropriate phase indicator neon lamps are illuminated as the feeder phases become Live.

After about 17 seconds, the thermal relay operates, to terminate the starting sequence.
The operation of the relay de-energises its own heater coil, the 'Start’ relay and, if
the engine fails to fire, the ‘Start and Release’ relay. The re-set period of the
thermal relay is some 2 to 2 minutes which must elapse before the engine can again

be started. This gives some protectien against starting abuse.

In the case of an engine misfire the following sequence of events takes place. The
initial firing of the engine causes the idling speed to be exceeded and the tachometer
relay funcrions at about 90 r.p.m. to re-connect the starter solenoid. A restart delay
relay ensures that the starter solenoid cannot be re-enmergised until the engine has
come to rest.

D.T25/12/568
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STARTING (Outside the car)

Starting from outside the car causes the engine to run up to its normal speed but does
not excite the alternator.

On pressing the outside "Start’ button, the start circuit and interlock relay are
energised. Cperation of this start circuit results in the engine starting and running
up to normal speed. The interlock relay open-circuits the exciter field, so preventing
the build-up of the alternator voltage.

IDLING

The engine may be run at its idling speed of about 400 r.p.m. by operation of the
external ‘Idling' push button, when an "Idling’ indicator light is illuminated inside
the:-car. In order to run the engine at idling speed it must first be run for five to
six minutes at normal speed to allow it to warm up. The 'Idling’ button may then be
pressed to bring the engine down to idling speed.

If the engine has already been started from outside the car and is running at either
speed, it can be brought to its normal operating condition by pressing the "Start’
button inside the car. I1f the engine is running at normal speed this will release the
interlock relay, thus exciting the alternator and bringing in the main contactor. If
the engine is idling, pressing the internal "Start' burton de-energises the idling and
interlock relays. This brings the set to its normal speed and operating condition and
extinguishes the 'Idling’ indicator light inside the car. While the engine is idling,
depression of the external *Start’ button has no effect on the operation.

If the engine is idling and it is required to run the engine at full speed from outside
the car, the engine must be shut down and re-started by operation of the external
‘Start’ and ‘Stop’ push buttons.

STOPPING

Depressing either the external or internal "Stop’ button disconnects the engine
control circuits from the supply and results in the engine shutting down.



POWER DISTRIBUTION

The power for lighting and air conditioning the train is generated at 400 V A.C.
3 phase 50 ¢/s and is distributed by two 4 wire feeders rumning the length of the train.

The bulk of the lighting is supplied at 230 V A.C. by phase te neutral connection en
the 400 V feeders, the remainder being supplied at 110 V A.C. from a 230/110 V
lighting transformer.

The compressor, condenser fan motor and floor and air heaters are supplied directly
with 3 phase power at 400 V.

The air conditioning fan motor and the control circuits are supplied by a 3 phase
transformer-recrifier unit, which also maintains the 24 V 216 Ah battery in a charged
condition. The emergency lighting supply is obtained from the battery which is mounted
beneath the car.

Block schematic diagrams of the power distribution on each car are shown in Figs. 4 to
8 inclusive.

D.725/12/58
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ATIR CONDITIONING SYSTEM
INTRODUCTION

The functions of an air conditioning system for a railway coach may be summarised as
follows :

a) The control of temperature and humidity within established comfort
limits regardless of outside conditions.

b) The supply of the correct amount of outside air and the circulation of
all the air in the coach with a controlled, draught-free distribution.

¢) The elimination of dirt and dust, both of external and internal origin.
The principal advantages of an air conditioned vehicle are :

a) The heat insulation of the sealed vehicle results in effective insulation
against external noise.

b) Cleanliness of upholstery, fittings, decorations, service appointments
and napery, resulting in longer life and consequent reduction in

maintenance costs.
c) A healthy, draughtless, clean and comfortable atmosphere.
CONDITIONS REQUIRED

Experience in the technique of air conditioning has established a definite zone of
satisfactory temperature and relative humidity conditions.

This zone is indicated in the accompanying chart, Fig.9, which shows effective
temperatures; that is temperatures which will give equal sensations of comfort with
varying dry bulb temperatures and humidities.

For example :

72°F pRY BULB and 56% RELATIVE HUMIDITY is equivalent to an effective
temperature of G68°F.

74°F pRY BULB and 37% RELATIVE HUMIDITY is also equivalent to 68°F.,
effective and it can therefore be said that a similar proportion of
passengers will feel comfortable under these twe conditionms.

The required conditions can be produced by a refrigerating and heating installation,
which must be accurately controlled and capable of some adjustment to suit detailed
requirements of the particular service.

Air cooling and dehumidification are accomplished by means of a mechanical refrigeration
system employing Freon 12 or Arcton 6 as the refrigerant. The compressor and condenser
wnits of the system are mounted on the underframe of the cars. The evaporator unit is
mounted above the car ceiling.



Heating is effected by means of -electric heating elements mounted both in the air
conditioning unit and at floor level.

The temperature conditions within the car are thermeostatically controlled, the
transition from operation of cooling to heating equipment, or vice versa, being
automatically effected. Three different temperature settings for heating and cooling
are provided, which can be selected by a manual control switch within the car.

AIR CONDITIONING SYSTEM

The movement of the air in the car is created by the centrifugal fans in the air
conditioning unit. Qutside air ‘M’ (see Fig.10.) is introduced through the filter 'J’
and mixed with a proportion of return air ‘L’ which has been filtered through the
filter 'H'. This mixture is then blown over the cooling coils of the evaporator ‘E’
and delivered inte the air duct from where it is distributed to the car.

Part of the air delivered into the car is allowed to escape to the outside atmosphere
through static ventilators but a slight pressure is always maintained within the car.

Before entering the air conditioning unit, the air may have a high moisture content
which is contributed to by the moisture that is given off by passengers and moisture
contained in the outside air. In passing over the cooling coils of the evaporator the
air is in intimate contact with a large number of cold merallic surfaces which are at a
temperature below that of the dew point of the air, and a proportion of the moisture

in the air therefore condenses.

When air heating is required the same circuit is employed. The air again passes over

the cooling coils, which are then ineffective and over a group of heating elements
which raise the air temperature to a controlled level.

8. D.725/12/58
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REFRIGERATION SYSTEM

The refrigerating system is of the electro-mechanical type and consists essentially
of the following components : (See fig.10.)

A - Motor Compressor
B - Condenser
&

- Liquid Receiver

D - Expansion Valve

E - Evaporator

F - Filter Eunseaatad
G - Dehydrator F.-7&!

The compressor is a type 5F30 hermetically sealed motor compressor, which employs the
return refrigerant flow to cool the motor. It is mounted on the underframe together
with the condenser, liquid receiver, filter and dehydrator, the condenser having two
motor driven fans mounted upon it.

The evaporator and expansion valve form part of the air conditioning roof unit.

The compressor draws refrigerant vapour from the evaporator and in compressing it,
raises its temperature.

The high pressure, high temperature vapour is delivered into the air cooled condenser
where its heat is removed by the passage of cooling air over the condenser coils. Tt
liquifies and collects in the liquid receiver. From here it passes through the filter
and dehydrator cartridges and is then piped to the air conditioning roof unit. It is
metered through a small orifice in the expansion valve and on passing into the
evaporator coils which are at a lower pressure, it evaporates. Its temperature falls
and the evaporator coils are thus cooled.

The air passing over thc evaporator ceoils is lowered in temperature and its moisture
content is reduced.

The refrigerant leaving the evaporator is completely vaporised and retums in this
state to the compressor, completing the refrigeravion cycle.



CONTROL EQUIPMENT

The equipment is controlled from the Air Conditioning Control panel situated in a
cupboard within the car. This panel is in two sections situated one above the other

and known. as the ‘Heating Panel’ and the 'Heating and Cooling Panel’ respectively.
The upper section of the panel carries the following equipment operating at 24 V D.C.

Master relay
Fan motor relay
Time delay relay

*Vapor® Temperature Control Relays
and the following equipment operating at 110 V A.C.

Heating contactor *

No-volt relay
The panel has the following manual controls :

Fan and temperature control isolating switch
Time delay setting selector

Temperature control switch

Pilot lights, indicating the operation of the air conditioning equipment, are also
mounted on this panel.

The lower section of the panel carries the following equipment operating at 110 V A.C.

Heating contactor *

Line contactor *

Pilot contactor *
Star-Delta contactor *
Motor Compressor circult breakers

Condenser fan motor circuit breakers

Synchronous timing relay

The 110 V A.C. control voltage for both sections of the panel is provided by the control
transformer mounted on the lower section. The coils of the contactors marked * operate
at 110 volts; their contacts operate in 400 volt circuits.

The electrical control of the air conditioning equipment is entirely automatic, being s
governed by the sensitive thermostats which operate pilot relays. Closure of the fan
and temperature control isolating switch energises the control circuit and starts the

fan motor. When the demand is for heating, the heating contactors are energised. When
the demand is for cooling, the line contactors are energised to start the condenser fan
motor and the compressor moter through a Star-Delta sequence.

10,
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The time delay relay is incorporated to ease the load that would be imposed on the
power supply if the air conditioning motor compressors on each car started
simultaneously. This is a thermal relay having a variable resistance in the heater
circuit that can be set manually to give the required delay time. The dial is
calibrated from 1 to 15 and each setting represents approximately five seconds. The
dial in each car shou'd be set to a different setting so that switching on the train
air conditioning system results in the equipment in each car starting at a different
time.

The temperature control switch enables one of four operating cenditions to be selected.
OFF position All air cenditiening circuits are open.

LOW position The heating comes on when the temperature falls below 68°F. The
cooling goes off when the temperature falls below 70°F.

MEDIUM position The heating comes on when the temperature falls below 71°F. The
cooling goes off when the temperature falls below 73°F.

HIGH position The heating comes on when the temperature falls below 74°F. The
cooling goes off when the temperature falls below 76°F.

1f the Fan and Temperature Control Isolating switch is open or the fan circuit is
broken, the fan series relay will be de-energised and the air conditioning control
circuits opened. This provides a safeguard against overheating in the air conditioning
unit.

Protection against overload of the motor compressor and condenser fan motor is
provided by miniature circuit breakers mounted on the Heating and Cooling panel.

D.725/12/58 11.
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BRITISH RATLWAYS - DIESEL MULTIPLE-UNIT MAIN LINE
PRES ICES.

AUTOMATIC OPERATION OF LOAD CONTACTORS.

The capacity of the two engine-alternator
sets is such that, for the greater part of the year,
the electrical power required throughout the train
to provide for air-conditioning, lighting,
battery-charging, etc. will be supplied by one set,
while the other serves as a stand-by. During the
coldest weather, however, an increase in heating
will be required, and this will necessitate running
the second set in order to supply the additional

heaters.

Since each alternator supplies power to its
own feeder, the function of the load contactors is
to connect the essential circuits to the feeder
supplied by the alternator first started up Whichever
it may be), and, if the second alternator is started
up later, to connect the additional heating load to

the feeder supplied by the second alternator.

The essential loads are supplied through
contactor A from one feeder or through contactor B
from the other feeder. When neither feeder is alive,

Continued ....
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these contactors have their coil ecircuits connected
to their respective feeders, ready to be energized,
but the two contactors are electrically interlocked.
The additional heaters are supplied through

contactors C or D, as the case may bs.

If then we assume that the lower feeder in
the schematic diagram is made alive, contactor A
will close, and its interlock contacts will open
the coil eircuit of contactor B, making the closing
of the latter impossible.

Contactors A and B have further interlock
contacts (normally open) in the coil circuits of
contactors D and C, respectively. Therefore,
locking out contactor B also locks out contactor C,
while the closing of contactor A completes the coil
circuit of contactor D, so that the latter will close
as soon as the upper feeder is energized, and will

connect the additional heating circuit to that feeder.

It is to be noted that, in the event of a
fault developing in the engine-alternator set
supplying the essential loads which makes it necessary
or desirable to shut down, these loads can be
transferred to the other set with practically no

Continued ...
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interruption in the supply. If the second set is
not running, it must be started up and preferably,
warmed up for a few minutes. The first set is then
shut down, and the loss of voltage will open
contactor A, which will immediately close contactor
B, or vice versa, as the case may be. For a few
seconds there will be low volts on the line until
the first contactor opens. In very cold weather
when the second set is already in use, it is only
necessary to shut down the first set, but it will
be appreciated that, in this case, there will be no
power available for the additional heating after

the change-over.
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BRITISH RATIWAYS - DIESEL MULTIPLE=-UNIT MAIN LINE
DE LUXE EXPRESS SERVICES.

COMPRESSOR MOTOR STARTING.

The compressor motor starts automatically when the
cooling piiot relay is closed by the cooling thermostats.
The closing of this relay completes the ecircuit through
the synchronous timing relay, which consists of a
synchronous clock movement operating switches by means of
cam discs. The rotor of the clock starts to rotate

immediately.

At the end of one second, contacts "a" and "b" of
the timing relay are closed. Contact "a" closes the
3-phase line contactor, whereupon the two condenser fan
motors start immediately, and contact "b" provides a path
to the timing relay in parallel with the normally closed

auxiliary contacts on the delta contactor.

At the end of two seconds, the contact "a" is
opened again, but the line contactor is held in by its

self-retaining contacts.

At the end of three seconds, the timing relay
closes contact "c¢". This energizes the star contactor,
the closing of which completes the circuits through the
motor windings connected in star, and the motor
accelerates. Normally closed contacts on the gtar

Continued «...



contactor which are in series with the delta contactor
coil, are opened, while other contacts on the star
contactor are closed to energize the pilot contactor,
which is then held in by its own contacts. The pilot
contactor closes contacts in series with the delta
contactor coil, but the circuit is still open-circuited

by the star contactor contacts.

At the end of eleven seconds, when the motor
has had eight seconds in which to accelerate to full
;pead, the timing relay opens contact "¢" again,
which opens the star contactor. This contactor, on
opening, closes its auxiliary contacts in the delta
contactor coil circuit. The delta contactor closes
immediately and re-connects the motor windings in
delta. Auxiliary contacts on the delta contactor in
parallel with contact "b" in the timing relay circuit
are opened, while other such contacts illuminate the
compressor indicator lamp to show that the starting

operation has been completed.

At the end of thirty seconds, the timing relay
opens contact "b" and the clock movement comes to rest

ready for the next starting operation.

D.B11./2/58
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BRITISH RAIIWAYS - DIESEL MULTIPLE-UNIT MAIN LINE
DE LUX S S o

LIGHTING CONTROL.

Providing that one of the alternators is running
and the lights isolating switch is closed, the luggage
rack fluorescent lights will be illuminated through the
230/110V transformer, and various other circuits will be
available under the control of manyfual switches, such as
the guard's lights and heater, kitchen lights and
kitchen equipment, public address system, etc., supplied

at 230V,

Main lighting is controlled from the motor coach
by means of the well-known arrangement of "on" and "off"
push buttons, contactor and release relay. These are
all operated from the 24V battery circuit. The contactor
referred to is marked LCl on the diagram. When
energized, it closes contacts in the emergency lights
circuit and in the coil circuit of contactor LC2. The
coll circuit of LC2 is connected between the yellow
phase and neutral, and consequently LCZ2 will not close
if the A.C. lighting supply is not on, in which case
the 24V emergency lights are left connected to the
battery. If the A.C. supply is available, LCZ2 will close
its contacts;, switching on the main fluorescent lights
in two banks between the neutral and the yellow and blue

ContiMEd ee 0w
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phases, respectively, and connecting the toilat and ;
vestibule fluorescent lights to the 230/110V transformer.
In this case, when the blue lighting circuit is made
live, the contactor LC3 is energized. Its contacts
which are in the emergency lighting circuit and are
normally closed, will open and will disconnect the

emergency lights.

It will be seen that, whenever the lighting
contactor LC1l is closed, an interruption in the A.C.
supply will cause the emergency lights to be switched
on and that they will be extinguished as soon as the

A.C, supply is resumed.

D.®O8, 2/ B8
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BRITISH RAILWAYS - DIESEL MULTIPLE-UNIT MAIN LINE
DE LUXE BXPRESS SERVICES.

ATR CONDITIONING CONTROL.

General

When climatic conditions are suitable, the fan
may be run without bringing cooling or heating into
play. It is only necessary to close the fan switch,
leaving the temperature control switch in the off
position. The fan will then circulate filtered air
through the coach, and the fan motor pilot lamp will
be illuminated.

Closing the fan switch will energize the fan
series relay, the contacts of which will energize the
heater circuit of the time delay relay through the
no=-volt relay contacts. It follows that this circuit
can be operated only if at least one alternator is
running, with the appropriate feeder and load contactors
closed, in order to energize the no-volt coil. The
closing of the time delay relay contacts operates the
master control relay, which, on closing, permits operation
of the temperature controls. The master control relay
also closes self-retaining contacts and opens the heater

cirecuit of the time delay relay.

The function of the time delay relay is to prevent
all the compressor motors throughout the train starting

Continued ....
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simultaneously as soon as a feeder is made alive, a
condition which would produce a serious overload on
the alternator. 1In order to avoid this happening,

the heaters of the time delay relays are supplied with
current through variable series resistors, which are
mounted on the panels and provided with scales and
pointers. Clockwise rotation of the pointer decreases
the heater current and increases the time required

to deflect the bimetal strip, this increasing the

time delay. Position 1 on the scale gives a delay

of about vgseconds, and each division adds another

5 seconds, approximately. Throughout the coaches
composing a train, the time delay settings should be
such that no two are alike: by this means a suitable

staggering of starting timesis achieved.

Thermostats.

The thermostats are of the mercury-in-glass
type, the only essential difference between them and
ordinary dry-bulb thermometers being that the
thermostats have two wires sealed into the glass at
different heights up the stem in order to make contact
with the mercury, and they have an additional bulb
some distance up the stem which is surrounded by a
fine wire heater winding.

Continued ...
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The value of temperature etched on the stem of
the thermostat and indicated on the drawings is the
ambient temperature at which the mercury just makes
contact with the upper wire when the heater winding is
not connected, and this is called the "natural setting"
of the thermostat. When a small current is passed
through the winding, the level of the mercury is
raised, and the thermostat will make and break contact
at ambient temperatures lower than the natural setting.
By varying the heater winding current the operating
temperature can be lowered as desired, but it can never
be higher than the natural setting. For this reason
the heater winding is called the "bias winding", and

this type of thermostat is known as a "biased thermostat".

Two thermostats are used for cooling control
and two for heating control. Their operation is
explained below.

Temperature Control Switch.

In addition to the off position, this switch
has three working positions for controlling under "low",
"medium" and "high" cooling and heating conditions,
respectively. The temperatures corresponding to the

three positions are:-

Cﬂntinued LN ]
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Position Cooling Heating
Bow gl 76°F. 74°F .
Medium 730 710
High [ ow 70° 68°

The function of the switch, in each of its
working positions, is to connect one resistor in
series with the bias windings of the cooling
thermostats, and another in series with the bias
windings of the heating thermostats, of such ohmic
values that they pass the currents necessary to reduce
the operating temperatures of the thermostats from

the natural setting to the temperatures given above.

Cooling
Two thermostats are used for cooling control,

their contacts being connected in series with each

other and with the coil of the cooling pilot relay.

Assuming that the temperature control switch
has been placed in the "low" position, the operating
temperatures of both thermostats will be lowered by
8°F., i.e., the thermostat marked 78°F. will work at

70°F. and the one marked 79°F will work at 71°F,

With rising temperature in the coach, a
temperature slightly higher than 70°F. will produce no
change, because, although the contacts of the 70°F.

Continued ...+
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thermostat have closed, those of the 71°F., thermostat
are still open. When the temperature reaches 71°F. the
contacts of the second thermostat close, so that the
circuit through the coil of the cooling pilot relay is
complete. The contacts of this relay close and initiate
the operation of starting the compressor motor.

When the cooling pilot relay closes, it also short-
circuits the second thermostat (71°F), with the

result that the coach temperature can fall to 70°F.
without stopping the compressor. At this temperature,
however, the first thermostat (70°F.) opens its
contacts and de-energizes the cooling pilot relay,

thus shutting down the compressor motor.

The cooling pilot relay has additional
contacts which, when the relay is energized, lock
out the heating by opening the heating relay circuits,
and also connect an additional resistor in parallel
with that already connected in series with the bias
windings of the heating thermostats. The latter
operation increases the current in the bias windings,
and therefore, the heat of the mercury in the
thermostats, so that, when cooling ceases, there will
be a slight time delay, during which the thermostats
cool down, before the latter can operate to switch on

heating.
Continued ..+
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The cooling pilot relay has a rectifier
connected in parallel with its coil to serve as a
discharge path. Without such provision, breaking
the inductive coil circuit at the thermostat contacts
might cause arcing sufficient to burn the contacts

and foul the mercury.

When it is required to run the compressor
under temperature conditions too low to produce
automatic starting, the panel terminals LLl1 and LL3
may be connected together with a piece of wire,
Closing the fan switch and the temperature control
switch will then start the compressor regardless of
temperature conditions.

Heating

Heating is controlled by two thermostats, both
of which have a natural setting of 76°F. Each of the
thermostats has its contacts connected in parallel
with the coil of one of the two heating relays. Under
high temperature conditions, the level of mercury in
the thermostats is high enough to keep the relay coils
short circuited, but, when the temperature falls
sufficiently, the mercury breaks contact and energizes
the relays, so that heating is switched on. Two
resistors are connected in series with each relay coil
in order to prevent a short-circuit across the 24V line

Continued....



D.809/8,/ 58

when the coil is short-circuited.

When cooling ceases, the cooling pilot relay
is de-energized, so that the coil circuits of the
heating relays are re-connected and the bias winding
currents are restored to their working values. As
soon as the thermostats have cooled down, the heating

controls are ready to provide normal operation.

Assuming that the temperature control switch
is in the "low" position, the working temperatures of
the two thermostats will be reduced by 8°F., i.e.,
they will both operate at 68°F. Consequently, when
the coach temperature falls to this value, both
thermostats will open their contacts, removing the
short-circuits across the coils of the heating relays
1l and 2, so that these relays close, and, in turn,
close the heating contactors 1 and 2, respectively.
When contactor 1 closes, it will always connect the
first stage of air and floor heat, but whether the
closing of contactor 2 makes the second stage
effective or not, will, of course, depend upon whether
the second alternator is running or shut down. The
coach temperature will now rise until the thermostats
again short-circuit the relay coils and switch off the

heaters.
Continued ....
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The thermostats will maintain this cycle of
switching on and switching off as loﬁg as heating is
required. When the outside temperature is falling,
the "ON" periods will increase, and the "OFF" periods
will decrease, in length of time.- If, with only one
alternator running, a stage is reached when the
heaters are switched off only for short pericds at
infrequent intervals, it is a c¢lear indication that
the second alternator set should be started up
immediately. The operation of the heating contactors
should be observed from time to time by watching the
indicating lamps on the panel, marked "air and floor
heat 1" and "air and floor heat 2". The first of these
will light when heating contactor 1 closes and is
extinguished when this contactor opens; the second
lamp will behave in a similar manner relative to
contactor 2, but only when the second alternator set

is running.

Other indicating lamps on the panel show when:-
(1) The circulating fan is running
(2) The first alternator supply is on
(3) The second alternator supply is on

(4) The compressor is running.
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BRITISH RAILWAYS = DIESEL MULTIPLE-UNIT MAIN LINE

DE LUX X SO o

STARTING OPERATIONS

When the start push button inside the coach is pressed -

(1) -

(2) -

The interlock relay, if it has been energized
by the push button outside the coach, is
de-energized, so that the exciter field circuit
is re~connected to permit the alternator to
generate. The description of starting from
outside the coach will make the operation clear.
The idling solenoid is switched off if it has
already been operated from outside.

The start relay is energized.

The lock-out relay is energized.

The start and release relay is energized.

The heater circuit of the thermal relay is
connected.

The start relay energizes the fuel
solenoid relay and prepares its own self- retaining
circuit.

The lock-out relay disconnects the battery from
its charging circuit. (See section "Lock-out
Relay" below.)

The start and release relay energizes the starter
solenoid and lights the "engine starting" lamp.

Continued ....
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It also short-eircuits resistance in the fuel
solenoid ecircuit.

(3) - The fuel solenoid relay energizes the
fuel solenoid and alsc the oil indicator relay,
which is then held in through its self-retaining
contacts.,

It The starter solenoid connects the starter motor
to the battery, so that the engine is turned.

(4) - The fuel solenoid, in addition to
opening the fuel wvalve, energises the priming
solenoid and the fuel relay, and lights the
"fuel on" lamp.

(5) = The priming solenocid provides a rich
mixture for starting.

- The fuel relay energizes part of the positive
line from the battery which provides for the
start relay heolding itself in, and therefore,
as soon as the "fuel on" lamp lights, the start
push button can be released.

(6) As the engine passes through idling speed, the
tacho. relay (idling) energises the re-start
delay relay. This relay has no delay on closing
but only on opening. The re-start delay relay
energizes the re-start control relay, which in
its turn de-energizes the start and release relay.

Continued ...
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Opening the start and release relay inserts
economy resistance in series with the fuel
solenoid coil, and opens the starter solenoid
so that the starter motor comes to rest and the
"engine starting" lamp is extinguished.

About 17 seconds after pressing the
start button, the thermal relay opens its
contacts, switching off its own heater circuit,
the start relay, the lock-out relay, and (if
the engine has not reached idling speed) the
start and release relay.

The thermal relay contacts require 2-3 minutes
to close again, which helps to prevent abuse of
the battery and starting gear.

The start relay opens its contacts in parallel
with the push buttons, so preventing a re-start
except by use of the push buttons. It also
opens contacts in series with the coil of the
fuel solenoid relay, but, providing the engine
oil pressure has risen normally, the place of
these contacts is taken by contacts on the low
oil pressure switch.

The lock-out relay re-closes its contacts in the
battery contactor coil circuit, so that the

Continued ....
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(8)

(9)

(10)

(11)
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battery can be charged. (See section "Lock-out
Relay" below).

The effect of de-energising the start and
release relay is as described in the
proceeding paragraph.

As soon as the engine set reaches
synchronous speed, the synchronous tacho. relay
will energise the synchronous relay.

If the feeder control isolating switch
is now closed and the loop through the Cl and
€2 lines is complete, the feeder relay will
close, energizing the interlock contactor, making
the feeder overload protection effective, and
lighting the "feeder control on" indicating lamp.

The operation of the interlock contactor
will close the feeder contactor and so connect
the alternator to the feeder, whereupon the
appropriate phase indicator lamps light.

If during starting, the engine reaches
such a speed that the idling tacho. relay operates,
and immediately afterwards the engine shuts down,
the opening of the tacho. relay, which will occur
at an engine speed of about 90 r.p.m., re-connects
the start and release relay, so re-starting the

Continued ....
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starter motor. The function of the re-start
delay relay is to provide several seconds delay
before re-connecting, so that the engine will
come to rest before re-engagement of the starter
motor.

When the start push button outside the coach is pressed =-

Starting proceeds as described above, but the
push button energizes the interlock relay, which opens
the exciter field circuit so that the alternator cannot
generate its voltage. The relay has self-retaining
contacts which keep it energized after the push button
is released.

If the engine has been started from inside the
coach, the push button lock=-out relay will have been
operated, making it impossible for operation of the
outside push buttons to have any effect.

Idling

When the engine has been started from outside,
its speed can be reduced to idling speed (about 400 r.p.m)
by pressing the idling button situated outside the coach.
An "idling" indicator lamp is then illuminated inside
the coach. The engine, if cold, should be run at full
speed for 5 to 6 minutes to allow it to warm up, before
pressing the idling button.

Continued ...
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While the engine is idling, pressing the
outside start button will not affect the operation.
If it is required to increase to full load speed
using the outside controls, the engine must be
shut down by means of the stop button and re-started
by using the start button.

If the engine has been started from outside,
it can be brought to its normal operating condition
by pressing the start button inside the coach. If
the engine is running at full speed, this operation
will release the interlock relay, so that the
alternator is excited and the feeder contactor closes.
If the engine is idling, pressing the internal start
button de-enengizes the idling solenoid as well as
the interlock relay, so that the engine speed is
raised to full speed and normal operating conditions
are established. The "idling" indicator lamp is
extinguished.

Shutting Down

Presaiﬁg either the external or internal stop,
button disconnects the engine control circuits. The /
fgp&f%alve then closes and the engine shuts down.

Lock=-ocut Relay.

The funection of this relay is to protect the
battery charging rectifiers against overload during

Continued ....
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the engine starting operation. The condition of danger
only arises when one of the alternator sets is running
and it is required to start the second one. Under
these conditions, the first alternator will be
charging the battery of the second set through the
transformer and rectifiers. Consequently, a large
proportion of the starting current would be drawn
from the A.C. line through the rectifiers,
constituting a severe overload on the latter.

As provision is made for the circuit between
the rectifiers and the battery to be opened during
the starting operation and re-connected afterwards,

any such danger is obviated.

Piean



L R TR T
i W ,
- ..,:f
- L]
m
o

aennsd 1o meldrbaoo T - Loolfessqe jaidusde snlnow edd -
aniaoyr 8l edss wwdaazedis MV 1A ene aadw amepits gliso
Teball ,exo bposed ey Fusds 5f Benimpot P L boa

od LLIW andansecic Sooth Sg  Mnolddbaos ol
i3 dgsowid des bacoea oy 1y ltmaw‘ iy whigmedds

LSOASLRP 200 o0 SSteywsR

’.

mﬁgm’ﬂu& ',_a?p-:‘t :

Atk e s 13 eno s

VIR ARD et o BaciawnEs

fwath ed bﬁgt #ﬂt‘!'m‘o Relidadn #15__5 2 :fiﬂgﬁﬂu 32




1
1 { = = SRR Al ) =TT = |
= s I |
B [ - e s = o s ey SR J_
| & . 48 — { 1 -4 & Lomd j\ & ¢ LOAD
g | i ‘:Lﬁ e cu:;:ncm S 'ti‘i):)‘ CONTACTOR
o T : ' 1= N R S T e P00+~ g
2. 4 . f= 7 . i L j—
i " | Eas r’/ | | smegen ‘T
- g R S e e e N e
| e = | 2 4 b=
| ' &l ' PhiA |
! e SO s s TR K T
{ oo L : e T s e
f + j Ly 29 T e - I f |
‘ ad 2 : » i X 0 DA i i
5 '”,i,' BRI Biig=r e
! | | | | LoaD ik
i. *:3'\;'_ 1 l ; | oo **—-_f_w M = Imnamm' e Noih
' o/ 4 e ig; & ol 5'[:::*'“:[—1:?(*_3 B Tms ouekart 16 conhie!
;"52 | S| r“-i:._.:_ S HeepReil o e To oafh o rssws onLy
| o | T St ——1— Gto—tH| 1=
! R (S e e R 47 o= 0oy Y 5 {__“
. PRl g UL deY e i I TR K 5
., Lt —_ T O = ek T 1
| S i | =i (e
| . LT === " |8 | DIAGRAM OF CONNECTIONS
L pgl (SR R T | =
_1. i :. —;r- l-_ X - } _j‘_ [__\ll & “-_‘:.E 4 - ; _Tgn { 593
| e 0 LT ffite [ LOAD CHANGEOVER PANEL
| i i B s e If-‘* | | iy et
; 1 0] E | T IHI'I ud'ﬂ l ! p i | ] —T | ;l
| - SPARE - | —= =3 J | 1| 'EARTH = cen
! P L e 1t Lo —J—o ! P T:*Tﬂxf‘\
; e T | I &
:t | S0 0kl B ‘ +* e B . __f* -~—:>-c‘_-——l-£“r | ?4 NOV 1958 |
; | i e ~c~—- | = S
{ | " ; } ." | #’j iL:I‘ u il] I"lil' I|' | ; : | NP
| st 1 ST s
o | :
l I l |
1 Lt e - = |
| | S T T M T S = J J. STONE & C (DEPTFORD) L™ LONDON.
| Gl P = DRAWN BY.. A\MJ.......A
i DRG.CHD. B'f
| TRACED B‘l‘
TRG. CH
1 DATE l?'ru JomeE 58
R > FOLD [HERE =e=EaT




_FOLDIHERE L . FOLD [ hens

e

== |
| MAN FUSES |
|

e ——— _____1 -!,A,,,
\

[ Y
2

\ LMK |

\ ‘ y i

(A i i
4.8 ' ‘

SR

SALEND.

| ER1EwW

:
e

Tl | Ll 1‘;9?_;.,‘3;\
£ A !L 283

4
? 1 - e BT
e DIAGRAM OF CONNECTIONS
i

I‘
1
|

4
—
i"_fh
L
1 ‘

|
By

% | | FEEDER CONTACTOR PANEL

Nefk

TR R =

e
So ot i e BB, R BRI il L fwe owuiat 1o cellhef [ SO
' fo oath eF 1ssoh ewy. \Z( 2ANOV 1958 ,

J. STONE & CO- (DEPTFORD) L™® LONDON.

DRAWN BY.. &40
DRG. CHO.BY ... .. _ .
TRACED BY.......ooo.
TRG.CHD.BY.. . ..
DATE.. 30 3 a8




| S e e
| BATTERY 2%
Cm-mc ToR 1 oo

! b L g

! J Y

. e TERY OwesE L -
| [1soaTivs SwiTeh

)
| -+ pre »
1} ;;_ It — [ |__I[‘:_.J. et il o —* ‘
:r ! > '| - —._; | { | r | fi l =
I < | | . | K | f | <=y R ( Y~ Ly AT AN )
= 1 | 1 'I“n BATTI:E lAMF £E| | + 4+ 00, o 1 . . ;-L)-(_}E _"( Di - » _'-t"-I ) | _““ 1'{:{

/ ""’VVVV‘ e OVEZ YOLTAGE !
RELAY

1

AT [ ¢ D i

DIAGRAM OF CONNECTIONS

13 =11

| Tl B PR | _:.‘_h i|_""_' s 01 ! | : e e
| (26 O e |
;' ) " '; 'I|i.'( 14 jq':\'—"'-_ .__.___l:?f'{_:.l.;: “f :’ l
| ;- LA PRes s PRt | T
Y e R N
RS e b =i !
| | | P A L B V { \4 o 13 ! s
R B R4 RS ) | 15 cof~
| . | Far S BN ] | I L) A _."-. ’ !
| | ! i immm..*rru:m*g | £ 1 . Py e Pif"\ x”/ g ;tf
|| o | LOCROUT RELBY L) i A", ol
MR ERE o &) 1 (b h ¢ ol
| | | S M| l NO ! yi' =
TIET R ST LAY i
: il | % SRl ;\ | , 1}‘” ‘f_ ,f’"
B+ LR"i =5 Lq—'_] = 1 | | i_ : B | S /f’ “) o~
)10 2 ' r iz sl | 1=
e e elala T e
LR2 Poai | ELI —NEG_FCL w2 Te 57, .1 B ¢ | RSAL |
| — ' 1 ' e
| l EARTHR Sl atr A 1S3 _Tc S8 D_ F\BD. :g\ I,NOu It ﬁ(
I —

J STONE & C° (DEPTR®RD) L'® LONDON.

DRAWN BY A 4.
DRG.CHD. BY. ..o\ ...
TRACED. BY.i... oot it ssisisns
TRG CHD.BY... . .. .
DATET L s N




| BAT TERY

i i ——

54: Léi L+ . ! é ; i ]
[+ b F
Lol b 2O L

BATTERY e TN TR

SWITCH

CHAMNGEOV ER
CONTRO L Fusks

DIRGRAM OF CONNEC
FOR
FUSE % DISTRIBUTION

')A 1{_‘;

24 NOV 1958

EMRTH PE 1S3 1§y TR C£- D RBD A
J. STONE & C° (DE D) L' LONDON.
RAWN BY, £A L,
BRG. CHO.BY .. bt
TRACED BY............. e Notis
TRG: CHD.BY........ooocuiricbr U081
DATE ... .t T3 0% et
- b © 3 ol X ) NEF 2382 |




RecTiFeR’

J STONE & CO (DEPTFORD) L™ LONDON.

o

R

DRAWN BY.... .. .5 2>

B e

TRG. CHD
DATE.. ...

DRG.CHD. BY....\. ... e
TRAGED BY:.....i

oy I
3
D
o4
¢/
Nl
& &
1
&l @
29
o




e = = o
| | ! L!]A!_: )i_ O‘\“ IE"" _l_(____
l ! : i '.._ -{ S s
et | B gy 2| | N\
R el == 20 r[-_”\_
JEiEIS 5 PILES > A S '
| | | ) ! i i = T MY
] 1 | o {od gt { ]
| 3 [ ! [T oo ) | / ‘ t_)g\_
(3 CEsa ke AUTOMATIC VOLTAGE REGULATOR
| e VETI
[ <A b T |
(| : (A< |
| l T ExcTATION Cont ?“'”1 5
IRt 1 { l |
L gl l
] = | 1
! | |
i T TEMPERATURE ] ;
! COMPEHSAT ING |
fi :;E:,';«.-rrf.‘..; / |
i | _['. e A3
L {1 : ¢ #
‘| | i : - j‘f 1 %—fzbaﬁéﬁ;ul | _
S o mesvor | | (- 24NOV.1958 Vil
B + \ /|
. 4 ) 1 | .
= '-,--—-1 -
| ! l”ﬁm% Il ?1' il pﬁ o | | .
L e e
| i T L1 28
: ; DON.
! L-—- } [ = <[ .-»—! J STONE & Co (DEI’TFORD) L™ LON
i ] | | . 1 A l ) DRAWN wﬁﬁ
J I c DRG.CHD. BY, . e Luii s .
| Fl & F2 CF3 sl g cT A(I.EA A TRACED BY,. ./ ,»'-{v‘--
| S AW cHD BY.. [
i X B2




DF /SSuE ONLY
0

2 ANOV 1958

MoTE
s D1scht 15 coklict
B)

% opfk

35S
EAY |

T
&
)
Ll

| FEED SToe RELAY

|
! :'
|

|
0 R
{ b
I’.,..r
L

DIAGKRAM OF CONNECTIONS

PO 0000
! “
o

]

FOR

FEEDER INTERLOCK & TA

LG

BRG CRB:BY . o
Yl
R
L;;X

DATE .. ....

TRG CHD

DRAWN BY.. .

J. STONE & C° (DEPTFORD) LT® LONDON.

PANE L

HO RELAY

L
i
S

ON DNIMVYQ VO



GA. DRAWING No.

1.
| oW INDicAToR

LAY
i | [’}
RELAY i L H
Gl ey | " 15 - DIAGRAM OF CONNECTIONS||
| : ; e .l_r‘:‘,v_ - j e ==
S ! s~ ] T e =t
L LoEeme o L e - FOF?
: T - odwy £ < L ol i} B
&l &roe. 3 g,ms I.MM | n’ —-r- F-
I - 3 ™ | = ":-:.t. i “i_ -ii}" L |
E: o 3 41 j_,_ﬁ’—‘“_4| i %! |
- '; .-'.. - 1 !3.- T —— : J - r
I '———-':-:)E"\\ I.. . 3 .] o l' .J !
- | 1 > _‘. 5 I i i :
3 | e 5 gzm-rga.m o ¢
.F.L::Ton : S : C . TBTﬁi:_‘ — | oWt
1 ; !
MR G Fa F,l(—';_r_ | "
(1SR i i_._.‘i‘ ﬁ'._.i-g_i ; | NOTE:* TS DIAGCRAM IS
5 LH 7 b5 0 v T CORRECT AT DATE
L ! Hi : b OF \SSUE oMLY,
< i
| o o 0 0 BRI = S
et == 1 r."" -F:- 'i .F' ‘ J‘//-/: \_,‘
: - e = L | (5 24NOV 1958
e ESESE e =5 e == N b | | e
(K f f—'_"")'/ Y < LC 1{"}. / -': i.i: v _:':_ J‘ : ; \“\' > \
s2 S4 ||s6 | M| MBS . TRI |7 | TR2 TR) € ihibik " | =
. ¢ & o) ® & (o) o h o LARE oL M o 57 %o
| S) S35 RS, TR SRE - LW z e bl =g & £ h
R e R
PCATOT ERL ng S . -




FOLD | HERE

b STABILISING AN -v\ﬁmm‘ |
TRANSFORMER A | TRANSFORMER '
BALANGING ,

RESISTORS

GA. DRAWING No.
|
|
|
|
|

| Lﬁa_:r e a = [ |
N5 G Y Pl Slagi T o~ |
o 2 =z 27 EE
; [ .\r-': Ll 1 L ;%_13'1_ ),
i e e By
= = e 2 .

e | NoTE

1 E i i | ; I | i A {

JF‘ '1 5 l '\_:' :_A: l;) l L I \;u :\:-_1' ._':‘._J’ | 2 : .
. O VR AR A A NS AR A B TS s PR fbie OIALEAT 1o conléch
(et 3l = 'r::' L S = ii{l_ _NEG Ti e . J'_-l-__ ;’4::_ o _95?: i N ;.r"|'_, on f.rf &F 58 VE onlS

DIAGRAM OF CONNECTIONS i
FOR -

S

STABILISING PANEL

[PB LoCkouT
REILAY AbDED
25/ P 4707




FOLO[HERE i T

GA. DRAWING No.

Q4R

L) ] =i
colfima ¥ § 0 Hlelze Y XY degr v d b emr RN
—o-Joofaolo— o } ol 00 0 fo—— B—cjoohual, 5
J:.£3 B3 l:£1 i....:l?-_l:: \l- =1 -i?. : r_\.l_ 4:.; j.‘} 1 538
= ] = ) = = ry e fff e O | e ) et ] o =
e nlle iy SRR r T , 7 Oy
’TI r 1 i | ; \_ | /1 W | Lis3
ofa L | 7™ 1 i o
Bo——t— 1| | ' U152
Comnt— e Ty 5

RCAD
280—0=t L —— =00t
R ~ HH! = (L /SPARE
2YO—><0O e — ..J = e (<O—OtY
2N - o = i}
-< i =i e = -
. — )i
“&—3"0_‘ I o< = (<00
= f -
e |
== e == ==
;‘39?’2
P T “_'::x e omtBn 1S o hAcT
- . > Diagram OF CO&Q_NECT[O}_I@___‘_-_Q_Q 0 OMAE 6F 16504 ewl

= A NNV Q
2ANOV 1S LoaD CHanNGEoveER  PANEL .

J.STONE & C° (DEPTFORD)LT® LONDON.

DRAWN BY GJ J errme
DRG.CHD. BY _ : %=
TRACED BY by
TRG. Cug el
DATE O MAY 58

(=]
3
"

i




