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SECTION 3 PART 1

AIRBORNE AUXTLIARY POWER PLANT
1. Intreduction

To cater for complete alternator failurc, a Rover type 13/60 gas turbine
driving a 40 KVA 200 volts A.C. 3 phase altornator, is fitted to the alreraft.
The unit can also be employed for additional dutics as follows:-

as Ground serviecing of elsctrical supplics.

b. )Intaml engine starting (Nos. 3 and 4 only), (pre Mod. Vulcan
1320).

¢+ Cabin sir conditioning during ground servicing using the turbine
air bleed,

~ Becauac the gns turbine has a comparitively short running life, india-

~ sriminate use is not cncouraged, and is confined to routinc testing, aircraft
detached at ata.ions not equipped with 'V' servicing facilities and emergcncy
conditiona. An engine running log is maintained in the aircraft F. 700.

Part 1 of this section is conccrned with the gas turbine starting
system, and a description of components begins in the next paragraph.

2.  Turbipe Fuel System (4.A.P.P. Installstion).

A 10 gallon fuel tank is situated st the rear of the power plan assembly.
It is refuclled from the No. 4 tonk group system. The tank contains a high and
low level float switch connected to a three position magnetic indicator giving
the indications "HIGH' - 'BLACK' - 'LOW'. The indicator is fitted on 7OP.

Also fitted to the tank is a low pressure booster pump and a Mk. 9 Flight
rofuelling transfer valve. An clectrically operated low pressure cock is fitted
tween the tank and the high pressure cock and is controlled by a switch on 70P.

Since the alternator is not provided with a constant spceod drive unit the
frequency control ia determined by the turbine speed. Turbine speed is con-
trolled by fuel/air ratio so it follows, that in this ease frequency is cn=-
trolled by the engine (A.4.P.7.) fuel metering system which confines the turbine
r.p.n, within a narrow speed band.

b Turbine 0il System

Engine lubrication is provided by a genr type pump which draws its supoly
from a sump formed by the lower part of the compressor casing. The sump is
equipped with an electrical heater unit which is operative whenever the engine
is switched off. The heater ennbles the oil to flow more freely whenever the
engine is subject to low ambient temperatures. The temperature of the oil is
thermostatically controlled by a switch which cuts off the heater supply at a

teaperature of 50°C.
b Turb: ten Coo

When the cngine is started, the sump heator is automatically switched off
by the energising of relay kB7. The oil will now absorb heat from the gnine
itself, so in order to prevent overheating the thermostat will operate to bring
in s gooling air supsly derived from a mechanically driven blower via an elec-
triecally actuated butterfly valve.
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B. Methods of A.A.P.P, Starting .

Two starting systems are provided and are deseribed in detail in the
following paragraphs. The two systems consist ofi=

a. Electric motor start - for normal stert conditiona.
b. Cartridge start - for emergency starting.

The cartridge discharges dirsotly on to the turbinc rotor and two shots
are cbtainable, sclection being achiceved automatically. Oxygen enrichment is
provided to assist starting at extreme altitudss and operntes with eartridge
starting, wind-milling rolight, and with certain switch sclections motor astort.
Indication of use is given by a lamp in the starter push.

f. Eloctrical Equipment

Ao ir Intake Solencid. This solencid oporates a hydraulic valve con-
trolling the turbinc air intake scoop. With the A.A.P.P. master switch
'0OFF' ths solenoid is snergised frog fuse 955 via rulay 487, the solcnoid
earth belng provided by the mnster switch. When the mnster switch is
placed '"ON', the carth is broken and the solenoid de-cnerglses eausing
the intake sco.p to open the air intake under spring pressure.

be. oster @ « The motor is a conventional
28V shunt would D.C. motor, and drives an impellor type fucl pump. The
unit is fitted to the base of the 10 gallon fuel tank. The motor is
opcrated by placing the A.A.P.P. master switch to 'ON' which pnsscs
current to the motor via the H.P, cock Ovarride Switch ('NORMAL' position).

c. High Preasure Cock Actuator. The actuator is a rotary type and con-
aists of a normal split ficld series motor ariving through roduction
gearing. It operataos a fuel cock to admit high pressurc fuel to the

turbine burber. Normally closed, the actuator open ficld cnerglses only
on operation of rclay 48B4,

d. High Encrgy Igniter Unit. The unit provides an intense spark during
the starting cycle to ignite the fuel/air mixture. It is operntod when
relay 545 energises. The supply to the unit ean be isolated by placing
the ignition switch to "ISOLATE'.

©. Low Pressure Cock \ctustor. This actuntor is similar in type to the
high pressurs cock actuator. It is operatoed by selecting the L.P. cock

switch to either 'OPEN' or 'SHUT'. The '"OPN' circuit 1s oarried through
the do-energised contacts of relay 486 thus cnsuring that during crash or
fire conditions the actuator will be operated to the 'SHUT' position.

£ Etiit Panel. . The startcr panel is fitted to eontrel the electrie
motor a saquence,

8. Qxveon and Cartridgo Tizc Switoh. The $ime switch controls the
starting sequcnce when employing cartridge start,

h. Mm. During cartridge starting, the first start
i3 achieved via tercimals 5 and 1 of this unit. At the same time, however,
a8 stopping nction tales placc wia torminmls 3 or 4 =snd 2,
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i. Startor Motor. The starter motor is of the conventional compen-
snted series type and is fitted to the AA.P.P. gearbox.

1 % and L‘nrtrigﬁﬁ Hcgtgiﬁ. The sump heator consists of a throe
phnse star connected olomen ersed in tho sump oil. The purpose of
this heater is to keep the cngine oil flowing freely at bigh altitudcs
where the low ambicnt temperaturcs cnusc oil to thicken, thus making
engine starting difficult. The eloment cperatcs from = 200 volta A.C.

supply vis relsy 489.

The eartridge heater is provided to prevent condonsation forming on %he
eartridge firing contacts. Thc honter consists of two single phase clements
working from A and C phases, and the supoly is dorived from fuacs 147 RB via
relay 485,

k. 0il Cooler lctustor. Thia actuator oper=tecs a butterfly valve in
the engine oil cooling system. Normally 'OPEN' the actuator 'CIOSES'
when the englno starts owing to the encrgising of R.487. Should the
o1l excoed s temperature of 50°C then tho nction of the sump thormo-

f» stnt causes the actustor to "OFEN' allowing »ir from the blower to

flow over the oil ccoler. When the temperature fnlls the actuator

R sl
l, ['Piretcec' Unit TP.4202. The 'Firctase' Unit type TP.4202 is
fitted in tho A...P.P. compartmcnt for fire warning purposes. It
cnuses a red light on panel 70P to illuminate on receipt of a small
e.m.f, (due to n fire) developed in a chain of thormo-couples dis-
posed around the A.A.P.P. turbine.
1 t Opcration Motor Star

The aircraft systoms must be prepared in the following manner before
starting the auxiliary turbinc:=

a. Engine (Olympus) Master Switch = 'HORMAL' (6P)
b. A.A.P.P. Bleed Switch - ‘'0FF' (7P)

ol ¢. Check 'Pirotec' Thormocouples = Press Tost Push - Light 'ON'
- d. All Electrical loads (especially P.F.C.'s) = 'OFF

e. Alternator Switches - 'OFF'
f. Battery Isolation Switch = ‘ON'

The A.A.P.P. may now be started as followa:~-

as AJA.P.P. Low Pressure fuel cock - ‘'OPEN'

b. High Pressure cock overrider switch - 'NCRMAL'

¢. Oxygen and Relight Switch - 'OFF'

d. Ignition Isolate Switch - 'ON'

e A.A.P.P. Mastor Switeh = 'ON' g'rnc Boostor Pump starts at this
- point

f. A+AP.P. Stnrt Switch = Push for 3 scconda maximum

On pressing the button a 28 volts supply from fusc 979 is fud to the
torminal 1 of the start pancl via B2 and Bl of Relay 560. A supply through
fo. 1 contacts of the time switch causcs the engage relay to energise which
sllows fuse B59 to feed the starter motor, As soon as the starter motor en=
goges the turbine, “the resultant heavy current flowing through the ovorspeed

rolay coil closes its contacts this notion encrgising the start button coil -

thus holding it in, nlso atarting the time switch. 1 sccond later No., 2
contacts makc and 28 volts is fed from fuse 979 to cnergisec rolays L8l ~nd
545 causing the high pressure cock to open, initintion of the altermator
41214 and operation of the ignitoer,
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The turbine builds up to a self sustnining speed and the ovorsncod relay
contacts open, tho start button coil de-cnergises and isolates the stnrt ecir-
cuit from fuse 979. It should be noted that at this stage, tho alternator is
fully ostablishod and its control panel 28 volts will maintain R.4L84 encrgised,

8, Circuit ration Cartridgo Start

Normally this would be considered ns an airborne operation but it ia
posaible to check the systom on the ground. The preparation of the aireraft
is ns for paragraph 7. For this operntion, rolay 560 is de=cncrgisod:=

fie LeAJP.P. low pressurc fucl cock = 'OPEN"

b. High prossurc cock override switch = 'NORMAL'

c. Oxy on and Relight Switeh - 'OFP'

d. Ignition Isolatc Switch - 'ON'

(=™ AAP.P. Haster s'itﬂh - 1‘:'“'

f+« AJAPP. Start Switch - Push for 3 seconds maximum

On pressing the button a 28 volts supply from fuse 979 is {cd to torm=
inal M of the 0 and C time awitch via B2 and B3 of relay 560. The timc switch
Aounences its oycle and aftor 1 scoond No. 1 contacts make, allowing fusc 979

q n the oxygen solenoid and encrgise rolays 545 and 4BL. Thase operate
ﬁun and open the high pressure cock rosycctively. The start push lemp
illuminatos indicating oxygen stert in progress. Simultaneously, No. 2 cone
tocts make and 26 volts is fod to pins 5 and 6 of the cartridge scleetor, and
Ho. 1 cartridge is fired. When lio. 2 contacts open the sclector stepas around
to preparc Nos 2 cartridge for a furthcr start. The turbine builds up to a

self sustaining apced.
9+  Relight

Should the turbinc 'flame out' provisions is made for a windmilling ro=
light. The circuit preparation is as for parngraphs 7 nnd € nnd the starting
attempt is na follows:-

fe AJAP.P. low pressurc cock = 'OPEN'

b. High pressurc cock override switch « 'NORMWAL'
o~ ©s Ignition Isolatc Switch - ‘ON'
i d-i hIAI?iP' “ﬂ.ﬂ-tﬂr Eﬂ'itﬂh - 'DH.

¢e Oxygen and Relight Switech - 'ON'

Sclecting the Oxygen and Relight Switch to 'ON' allows fuse 979 to
cnerglse rolay 511 cnusing relay 545 and 4BL to encrgise. At the snmc time
the oxygen solenoid is opened and the lamp in the start push illuminatcs.
The aterting cycle is uncontrolled and rclics cntirely on windmilling speod.
When the turbine ro-estnblishes itaclf the Oxygen and Relight switch is
placed to "OFF.'

10. o t h 4] ichment

This type of start is enrricd out in the following manner. The oxygen
and relight switch is placed to 'ON' and the atartcr push deprcased, the
resultant operntion is identical with that described in paragrephs 7 ~nd 9.
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SECTION 3 PART 2
1. E! E:ﬂ-}ﬂti an

Part 2 of this section is concerncd with the control of the A.A.P.P.

alternator. Where nccessary, referencss to the synchronising network ecan be
made in Secotion 2, Part 3,

24 mg 155 A.C. generator

The type 155 A.C. generator requires a controlled 28V D.C. supply to
serve the field rotor and produces a 3 phase 200V A.C., output., This output,
when the generator is being driven at 8000 r,p.m. is rated at 30 XVA up to a
maximum altitude of 50,000 f't., but a load of 4O KVA may be imposed at alti-
tudes of up to 30,000 ft, The output frequency at 8,000 r.p.m. is 400 c.p.s.
The rotor carries the D.C, excitation fisld which is wound on 6 salient poles

keyed to the shaft. The excitation current is picked up by two slin rings at
the extremity of the shaft.

el Transformer Rectifier Unit Rotax Tyve U,3306

—f The type U.3306 TRU is used in conjunction with the type 155 alternator
to provide a regulated ocutput of 200 volts A.C. at up to 110 amps, the power
facter varying from 0,86 to 0,96 lagging. The unit is protected by a system
which ensure that in the event of a fault, i.c. linc to carth, then should

the fault ourremt oxceed 25 amps, the unit will be removed from the synchron-
ising netwerk,

! The side panels of the unit are detachable and are reacily removed when
it is required to gain access for servicing. A4s a furthor nid to servicing,

the voltage regulator is built on its own cha.ais and can be withdrawn frok
the main chassis,

as Yoltage Scnsing Trensformer Reotifier. Line voltage at 200 volts

AL+ is tronsformed and rectified to 28 volts D.C. The latter is

applied to the oparanting coils of the voltasge regulstor. The gencrator
& ficld being connccted in scries with the earbon pile it follows that
~ variations in line voltage willmflect in the output delivered to the

coils of the regulator, this oauses changes in pile eompression and
hence field strength.

b, Main Tranaformer dcctifiers DPuring the A.A.P.P. starting cycls,
the field of the alternator is initially excited by the field flashing
e¢irouit provided by relay 393. Once the alternator has established
itself then field current is supplied from the main T.R. at 28 volts IDC.

¢. Compounding Currcnt T.R. The fleld rotor of thc altermator is
supplied from two sources:-

1- Thﬂ main T,H.
2. The compounding current T.R.
The compounding currcnt T.R. sup lies current to the field at a value
proporticnal to line current. When the altornator is supplying current to

the aynchronising network the compounding current IT'.R. output assists in
keeping the regulator pile current to a safe working value,
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d. Pleld Ftcutinn, The bi-metal element of tho ficld thermal unit
is connected in serics with tho ficld coil. Should ficld currcat bee-

come excessive, then the eleoment distorts and causcs its assoeinted
contacts to break the suprly to the ficld relay coil, whieh in de-
energlsing introduces s field 'slugging' register. The other contnots
of the field thermal unit close to loek the f4cld thermsl unit out.

¢s EBarth Lcalnge Protcotion. Should the line brosk down to carth,
current will flow through the star point of the altermator. This
current induccs a voltage in the star point C.T. This voltage is con-
nected to the reetifier of the carth loakage relny and when cnergised
will couse the ficld thermal unit operating coil to cmergise, the re-
maining sequence being the aame as in paragraph 3 d.

. Yo Freguency Pick

During the A.A.P.P. starting cylee, the alternator ficld is initianted
and the line voltage and frequency begin to develop. Onec theae two walues
approach 200 volts and 400 eycles respectively, then the voltage and freo-
quency sensitive rolays of the Voltage and Frequenecy Pick Up operate to

" “lace the alternator output on the synchronising network, and rlsormmove the
“wensupply to the field flashing relay coil, sinee the alternator will now be

~ A.ALP.P. Voltage and Frequenoy

s8lf eue *lim N

9¢  A:A-P.P. Instrument Transformer
This transformor enables the altornator output to be checked on 10P,

€.  Fiold Flpshing Rolay (R.39%).

The field flashing rclay is provided to convey the alternator field
initiation current during the A.A.P.P. starting cycle, the supply being de-
rived from the essential bus bar via fuse LBL. As was mentioncd in paragraph
4, the rclay is de-cnergiscd once the alternator output is fully developed.

Ts Test Sogkot

- A Plesscy k. 4 socket is provided for tcst purposes and is located in
T%the power compartment.

Somponent No Location
1

Generator Type 155 1.4.2.P. Installation
: (Rear Starboard Landing Gear)

e —w— e — —— -~
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Trepsformer Reotifier Unit 1 Power Compartment

i S — e

e ————

4.0.P.P, Instrumont Transformcr 1 82P (Power Compartment)

#iek Up Box i e

Field Flashing Relsy R.393 1 742 (Power Compartment)

gy ——pa o cmm e _— -

A.A.P.P. Tost Pushs 1 10P
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