











and each blower draws its air over the
rectifier cooling fins and through the in-
ductor before ejecting it through the
traction motor.

Cooling

The cooling air is drawn in through
louvres in the adjacent side wall
having sufficient area to reduce the air
entry velocity o a satisfactory walue.
Behind the louvres is an arrangement of
baffle plates for rejecting dirt, water and
snow and the fans are mounted near
floor level at the bottom of the cubicle
50 that the main source of noise is
screened from the louvres.

The control equipment is housed in
four equipment frames arranged one ad-
jacent to each rectifier frame. The upper
half of each frame is sealed against dust

and houses control and auxiliary equip- .

ment; the lower half which is not sealed
houses the power equipment,

An electrically driven fan at the bot-
tom of each rheostatic brake unit draws
air through the oil radiator and blows it
through the brake unit. When the rheo-
static brake is in use, the radiator is by-
passed to increase the air flow through
the brake units,

Rectifier transformer

The rectifier twansformer has four
separate windings, cach supplying a
traction motor via a bridge connecred
rectifier and smoothing inductor,

The transformer tap voltage is varied
by a high tension tapchanger which pro-
vides 38 running notches. Tapchanging
is carried out on-load using a tapchang-
ing resistor and three associated air
break switches.

In the event of a fault developing in
any component associated with one of
the groups (as described in para 1), the
whale of that circuit can be isolated by
the driver without the need for any fault
analysis, and the locomotive can proceed
on three-quarters power,

The transformer windings are so
arranged that the four secondary wind-
ings operate largely independent of one
another with the minimum amount of
interaction in the event of fault currents
in one of the windings; the transformer
reactance is 14 per cent based on the
kVA-rating of each winding,

Rectifier bridge

Each rectifier bridge comprises 96 cells
of Westinghouse manufacture, each
with a nominal rating of 125A 1,200
V peak inverse voltage. Rectifier pro-
tection against all types of fault relies
on the limiting effect of transformer im-
pedance coupled with the 010 sec maxi-
mum fault clearing time of the air blast
breaker, and the use of fuses is avoided,

Traction Motors

The rtraction motors are four-pole
900 hp machines designed to give the

required performance without the need

Fig. 3. Schematic diagram of main power circuits
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ALS locomotive with Stone-Faiveley pantograph

for figld weakemng, which permits a sig-
nificant reduction in control equipment.
The motors are nose-suspended with
roller bearing axle suspension; resilient
gears are used, and to reduce mechanical
vibrations transmitted to the motors still
further the facility exists for introducing
limited resilience between axle suspen-
sion bearings and motor frame,

The flexible drives fitted to the earlier
series of locomotives to reduce damage
to both the track and the motor caused
by the unsprung weight of the motor
have proved 1o be expensive and com-
plicated, and tests and service experi-
ence have shown that flexible drives
have no advantage over the axle-hung
motor successfully used on British Rail-
ways' large diesel locomotive fleet. They
are not fitted on these locomotives.

During rheostatic braking the motor
ficlds are connected in series for separate
excitation, the generated power being
dissipated in a separate resistor across

Driver's desk

each  armature, Compounding  is
achieved by having resistors common
to the ficld and armature circuits, result-
ing in a desirable flattening of the brak-

Tapchanger with covers removed

ing effort/speed characteristics, and
also permitting the use of the high ten-
sion tapchanger and one of the existing
rectifier bridges for excitation control
without additional equipment

The power circuits are pratected by
an overload relay in each d.c. circuir,
which opens the secondary and motor
contactors,

Transformer protection

The transformer is protected by over-
load relays in each secondary circuit, a
primary overload relay and a Buchholz
device all of which trip the air blast
breaker. Protection against traction
motor flashovers and power circuit earth
faults is by an earth fault relay which
also trips the air blast breaker.

For earthing purposes, pairs of motors
are inter-connected and a further inter-
connection is made berween pairs while
the locomotive is motoring.

Brake valves

Two brake valves are provided in each
cab; one is the normal standard Westing-
house straight air brake for the locomotive
only. The automatic brake valve controls
the locomotive brakes (air and rheostatic)
and train brakes (air or vacuum) and has
several novel features. On applying the
automatic brake, air pressure is applicd
to the brake cylinders in proportion 1o
the brake valve movement, A switch is
closed when the valve is moved away
from the * running ™ position and sets up
the circuits for rheostatic brake. When
the rheostatic braking reaches a certain
level determined by a relay, the air pres-
sure in the brake cylinders is reduced 10
10 1b/in®* only which keeps the brake
linkage tight and ready for immediate
use,

Tapchanger position

During braking the tapchanger posi-
tion is controlled by an air pressure sig-
nal from the brake cylinder pipe and an
air motor in the tapchanger operates
micro-switches through a linkage, These
switches control the “up ™ and “down "
solenoids on the wmpchanger. A feed-
back feature from the tapchange position
camshaft acts on the linkage 10 stop
the tapchanger at the correct positon for
the particular air pressure. Should the
maximum braking current of 1,100 A
be reached as the brake is being applied
before the tapchanger reaches s
balancing nofch positon, a brake limit
relay picks up, over-rides the air signal,
and prevents the tapchanger running
further up until the locomotive has de-
celerated sufficiently to drop the relay
out.

Electric brake failure

If any failure of the electric brake
occurs, or if any of the traction motor
circuits is isolated, then rheostatic brak-
ing s automatically isolated and the
locomotive is braked by its air brakes.
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AL6 locomotive with A.E.l. crossed-arm pantograph on a passenger train near Crewe

The power and brake circuits are
arranged so that the motor current flow
indicated by the ammeters is in the same
direetion in each case.

Control circuits

Nowch by notch control of the power
15 provided by using a master controller
differing only in minor mechanical de-
tails from that used on the AL3 loco-
motives,

Signals from the master controller
energise the appropriate “up™ or
“down™ solenoid on the high tension
tapchanger.

A mechanical latch feature in the tap-
changer ensures that when a tapchange
has progressed beyond a certain point
the tapchange must be completed. The
tapchanger is electrically driven, and the
motor has a flywheel of sufficient inertia
to ensure that, should the electrical sup-
ply to the tapchanger fail after a tap-
change has been initiated, there is enough
mechanical energy stored to complete the
tapchange.

Pilot lights

A pilot light on the control desk of each
cab gives warning of motor or secondary
overload operation, transformer tempera-
ture rise, primary overload operation,
Buchholz relay operation, earth fault re-
lay operation, or bartery charger failure.

In the event of an overload four power
circuit indicaror lights positioned at the
top of No. 2 control equipment frame
enable the driver to identify and isolate
the defective circuit.

Auxiliary circuits

The auto transformer carries two
separate windings: a train  heating
winding with an cutput wvoltage of
800 V with the primary at 225 kV,
and a centre-tapped auxiliary winding
(134-0-134 V with primary 22.5 kV). Cab
heaters and auxiliary a.c. machines of
the capacitor start and run type are ener-
gised from each phase of this second
winding, and the battery charger is con-
nected across the a.c. outer wires (268 V).
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The dic. auxiliary machines are fed
from a biphase rectifier connected 1o the
auxiliary winding. Sequence starting of
these d.c. machines is used to reduce the
starting surges in the rectifier,

When the rheostatic brake is in use
and the voltage across a section of it is
sufficiently high, the fan motors are trans-
ferred to the brake resistor sections and
run at a higher speed to provide more
cooling air for the brake resistor units.
This air flow is further increased by the
opening of the radiator by-pass shutters,

The exhausters, relief and restrictor
valves, and battery and emergency
battery isolating panel are underframe
mounted between the bogies on the cor-
ridor side of the locomotive, The battery
charger, auxiliary compressor unit and
main compressors, with suction strainers,

antifreezers and aftercoolers are mounted
on the opposite side.  The combimed
operation of the two compressors is ade-
quate for the operation of air-braked
trains, such as liner trains.

Main reservoir

The centre space between the bogies
and outer bays contains the transversely
mounted main reservoir air cylinders
with centrifugal dirt collectors and drain
valves, and auxiliary reservoir. Behind
the auxiliary compressor unit, the fixed
manually operated CO, fire protection
installation is fitted.

Cab equipment includes heaters for
drivers’ comfort and good wision is
assisted by windscreen wipers, electri-
cally demisted windscreens, and adjust-
able transparent anti-glare shiclds,

Main transformer of AL6 electric locomotive



