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introduction 

1. This group contains a brief description, 
including the method of operation, of the tank 
pumps, tank pumps failure warning and pres- 
sure refuelling circuits. Servicing information 
is also included, together with routing and 
theoretical diagrams of the circuits. For a 
general description of the electrical system as 
a whole, including system wiring detai’s, 
referencing of components and general ser- 
vicing, together with the location and removal 
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of the major items of equipment, reference 
should be made to Groups Al, A2 and A8 of 
this chapter. Detailed information on the 
standard components used will be found in 
the appropriate volumes of the A.P.4348 
series. 

DESCRIPTION 

Tank pumps (pre- and post-Mod. 138) 

~2. The electrically-driven Type SPE.1003, 
Mk. 1 fuel booster pumps, incorporated in the 
inverted flight traps of the port and starboard 
front fuel tanks, installed in the centre fuse- 
lage, are supplied by way of the engine 
master switch (Group C1). The pumps are 
controlled by two on/off switches, marked 
PORT and STBD, which are located side by side 
on the forward end of the cab‘n starboard 
shelf. Each pump is protected by a 25-amp 
circuit breaker, situated at the rear end of the 
starboard shelf and, to minimize radio inter- 
ference, the supply to the pumps is taken 
through a Type 02 suppressor, mounted on 
the port side of the keel member between 
frames 20 and 21. Provision is made for test- 
ing each pump, in turn, by means of a two- 
position test switch, which is marked TaNnxK 
PUMPS TEST and is mounted, together with an 
ammeter test socket, on the rear end of the 
starboard shelf. 

Operation 

3. With the engine master switch made and 
both tank pump control switches in the on 
position, current will flow from the main posi- 
tive supply line to both tank pumns, which 
will commence operation and supply fuel to the 
engine-driven fuel pump. As the tank pumps 
are matched units, they should empty the 
front tanks at an equal rate and, in emptying 
them, allow the fuel in the remaining tanks 
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to transfer to the front tanks under air pres- 
sure; thus both sides of the system should 
empty uniformly and simultaneously. The 
individual pump control switches enable the 
fuel levels to be manually balanced, should 
such action become necessary, as switching 
off the pump in the tank with the lowest level 
allows the tank with the operative pump to 
supply a greater proportion of fuel to the 
engine-driven pump. When balance is re- 
gained, the inoperative pump should be 
switched on again or out-of-balance in the 
opposite sense will result. 

4, Should either pump be overloaded, due, 
for example, to a fuel serge, the appropriate 
circuit breaker will operate to isolate the 
pump from the circuit. When this occurs, the 
affected circuit breaker must be re-set; then, 
if the fault was temporary, the pump will re- 
commence running in the normal manner. If 
the circuit breaker refuses to hold on, the fault 
is of a permanent nature and engine speed 
must be reduced and the other pump switched 
off or excessive out-of-balance will result. 
Under this condition, the fuel will be supplied 

to the engine-driven pump under gravity and 
transfer air pressure. 

5. The two-position test switch and the 
ammeter socket, used to test the tank pumps 
for correct functioning, as described in para. 
17, obtain their positive supply by way of 
the engine starter circuit breaker (Group C1). 
The test switch can feed either pump, irrespec- 
tive of the position of the control switches, 
provided that the engine master switch is oFF, 
For a full description of the fuel system as a 
whole reference should be made to Section 4, 
Chapter 2 of this volume. 
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Tank pumps and baiancer (Mod. 332 and 373) 

6. Aircraft with Mod. 332 and 373 embodied 
have an automatic fuel balancing system con- 
trolled by a balancer relay linked with the fuel 
contenis gauges (Sect. 5, Chap. 2, Group 2). 
The electrically-driven fuel booster pumps of 
these aircraft are supplied by way of the 
engine master switch; they are suppressed 
and are protected by circuit breakers in a 
similar manner to those in aircraft pre- and 
post-Mod. 188. The pumps are controlled by 
two single-pole changeover switches marked 
AUTO, OFF and MANUAL, which are located side 
by side on the forward end of the cabin star- 
board shelf. The supply to the pumps is 
taken direct when the control switches are in 
the MANUAL position, or through two auto 
pump failure relays, located beneath the 
starboard shelf, when the switches are 
in the auTo position. The neyative return 
from each pump is taken to earth via an 
auto control relay mounted on a fuel balance 
equipment panei situated on the starboard 
rear face of frame 16. This panel also carries 
the fuel pump motor control resistor, which 
is switched in and out of circuit by the control 
relays. The control relays are themselves 
controlled, via the auto pump failure relays, 
by the Type MA.4 balancer relay which is 
mounted on brackets attached to the inside 
port skin of the fuselage between frames 17A 
and 17B, in the radio bay. Provision is also 
made for testing each pump, in turn, in a 
similar manner to that on aircraft pre- and 
post-Mod. 188, as described in para. 2 to 5. 

Operation 

7. With the engine master switch made and 
both tank pump control switches in the auTo 
position, current will flow from the main posi- 
tive supply line to energize both auto pump 
faiiure relays. Contacts in these relays, which 
are made when the relays are energized, then 
complete the supply to each pump. The nega- 
tive return from each pump is taken to earth 
via the contacts in the auto control relays 
which are made while the relays are unener- 
gized. Both fuel pumps thus commence 
operation to supply fuel to the engine-driven 
fuel pump, and as the pumps are matched 
units they should empty both sides of the 
system simultaneously. Should the fuel levels 
in the port and starboard tank systems 

become out of balance, the fuel gauge indica- 
tor currents from the two contents amplifiers 
will be unequal and will operate the balancer 
relay to slow up the pump on the side with 
lower fuel content. For example, if the port 
tank system has the lower content, the 
balancer relay will operate to supply a posi- 
tive feed to pin F of the unit; this feed will 
energize the port control relay, via contacts 3 
in the port and starboard pump failure relays, 
which are made while the relays are energized. 
When the port control relay is energized, it 
breaks contacts 2 and 4 and makes contacts 
i and 3. The wiring of the relay is such that 
the negative return is at no time opened as 
there is always an alternative path to earth. 
The negative return of the port pump is now 
taken to earth, through the pump motor con- 
trol resistor, to contacts 1 and 3 of the port 
control relay and contacts 2 and 4 of the star- 
board control relay. The pump will thus slow 
up, so allowing the starboard pump to supply 
more fuel to the engine until the level in the 
starboard tank system falls and balance is 
regained. The balancer relay is then de- 
energized and breaks the supply to the port 
control relay which is, therefore, de-energized 
and cuts the resistor out of circuit to allow 
the port pump to revert to normal operation. 
A similar process occurs, via pin D of the 
balancer relay and contacts 1 of the failure 
relays, when the starboard tank system has 
the lower fuel level. 

8. The Manual position of the individual 
pump control switches enables the fuel levels 
to be manually balanced, if necessary. When 
the switches are in the MANUAL position, the 

pump failure relays are de-energized and the 
supply to the numps is taken direct from the 
control switches. The balancer relay is, 
therefore, out of circuit, due to the opening 
of contacts 1 and 3 in the pump failure relays, 
and the control relays cannot be energized 
to insert the pump motor control resistor into 
the negative return lines. Switching off the 
pump in the tank on the side with the lower 
fuel level will now allow the side with the 
operative pump to supply a greater propor- 
tion of fuel to the engine-driven pump. When 
the balance is regained, the inoperative pump 
should be swicthed on again or excessive out- 
of-balance in the opposite sense will result. 
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9. If either pump is overloaded, due, for 
example, to a fuel surge, the appropriate cir- 
cuit breaker will operate to de-energize the 
pump failure relay, when in auto, and thus 
isolate the pump and balancer relay from the 
circuit. When in MANUAL, the pump failure 
relays will already be de-energized and the 
pump will be isolated by the circuit breaker. 
When this occurs the affected circuit breaker 
must be re-set; then, if the fault was tem- 
porary, the pump will recommence running 
in the normal manner. If the circuit breaker 
refuses to hold on, the fault is of a permanent 
nature and the engine speed must be reduced 
and the other pump switched off or excessive 
out-of-balance will result. Under these condi- 
tions, the fuel will be supplied to the engine- 
driven pump under gravity and transfer air 
pressure. 

Tank pumps failure warning (Mod. 374) 

10. Two lamps, situated on the cabin star- 
board shelf, give warning when either of the 
fuel booster pumps fail. Each lamp is 
operated by a separate Type T.P.5366 pres- 
sure switch, which is piped into the appro- 
priate booster pump outlet pipe. The switches 
are mounted together at the bottom of the 
centre fuselage, near frame 23. 

Operation 

11. The pressure switches make on falling 
pressure. Thus, should either pump fail and 
its outlet pressure drop, the appropriate switch 
will close and complete the supply to vie 
warning lamp, which will light to indicate 
pump failure. 

Pressure refuelling 

12. The aircraft is refuelled under pressure 
through a standard tin. coupling situated 
in the port wheel bay, the operation being 
controlled by a pre-set Type PTA/HA time 
switch mounted in the port stub wing adja- 
cent to the refuelling coupling. The time 
switch energizes four Mk, 12 solenoid-operated 
refuelling valves, located in the port and star- 
board front and centre fuel tanks, which are 
controlled by two Type 1696/FG fluid level 
switches situated one in each front fuel tank 
and two Mk. 4, series 2, fluid level switches 
located one in each outboard wing fuel tank.



Operation 

13. To understand the fuction of the pres- 
sure refuelling circuit it is necessary to trace 
through the aircraft refuelling procedure. The 
battery master switch must first be set to the 
ON position, or an external supply connected, 
before refuelling can commence, as an elec- 
trical supply is required to energize the 
refuelling valves. 

14, Next, the bowser hose is connected to 
the refuelling coupling and the bowser pump 
started, with its controls set to RE-FUEL. The 
time switch is then set and makes contacts C 
and 2, thus completing the circuit to all four 
refuelling valve solenoids, which, when ener- 

gized, open and allow fuel from the bowser 
to pass into the front and centre tanks. When 
the front tanks are full, the fluid level 
switches in these tanks open and de-energize 
the solenoids of the refuelling valves in the 
front tanks. The valves then close to cut off 
the fuel to these tanks. When the centre 
tanks are full, fuel flows down the transfer 
pipes to the wing tanks and, when these latter 
tanks are also full, the fluid level switches 

_ in the wing tanks open and de-energize the 
solenoids of the refuelling valves in the centre 
tanks. These valves then close to cut off the 
fuel to the centre and wing tanks. 

15. Refuelling is now complete and the time 
switch should be switched off, if it has not 
already completed its full travel. The time 
switch ensures that the refuelling circuit is 
disconnected from the positive supply at all 
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times, except during actual refuelling opera- 
tions. This ensures that the refuelling valve 
solenoids do.not become energized again, 
when the fluid level switches close as the fuel 
is consumed, as this would cause cross- 
transfer between the tanks, via the refueling 
pipe lines. If not switched off after refuelling, 
the time switch will automatically switch itself 
off after approximately 8 minutes. For a full 
description of the fuel and refuelling system 
as a whole, reference should be made to Sect. 
4, Chap. 2 of this volume. 

SERVICING 
General 

16. For general servicing of the electrical 
system as a whole, reference should be made 
to Group Al of this chapter.” The contacts 
of the pressure refuelling time switch should 
be kept clean and inspected for signs of 
pitting, which, if found, must be removed in 
the approved manner. These operations 
should only be carried out by competent per- 
sonnel, as the switch contains a delicate clock- 
work mechanism. The only other servicing, 
apart from keeping all the components. clean 
and carrying out the normal routine tests of 
security and serviceability, as described in the 
appropriate Air Publications, is the tank 
pump test, described in the following para- 
graph. 

Tank pump testing 

17. To test the pumps for correct function- 
ing, connect an ammeter to the test socket 
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located on the cabin starboard shelf. Ensure 
that the battery master switch is in the on 
position, or that an external supply is con- 
nected. Check that the engine starter circyit 
breaker is CLosED. Trip each pump circuit 
breaker or ensure that the engine master 
switch is OFF and select each pump in turn 
by operating the test switch, adjacent to the 
ammeter test socket. If the pumps are 
operating satisfactorily, the ammeter should 
show a reading of 11°75 amp, or less, at 24 
volts but, if the reading is above this value, 
the cause must be investigated and rectified 
before the next flight. After completion of 
the test, re-set the circuit breakers, if neces- 
sary. 

REMOVAL AND ASSEMBLY 
General 

18. The removal of the tank pumps, re- 
fuelling valve and fluid level switches is fully 
described and illustrated in the fuel tank 
removal procedure in Sect. 4, Chap. 2 of this 
volume. Once access has been obtained, the 
removal of the remaining components form- 
ing the tank pump, failure warning and pres- 
sure refuelling circuits should present no 
unusual difficulties. The removal of the cabin 
starboard shelf, which carries the control 
switches, warning lamps and circuit breakers 
of the tank pump circuit, is fully described 
in Group A2 of this chapter, while the loca- 
tion and means of access to all components 
is indicated in Group A8. 
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CABLE [CON FRAME] COR CON COW wing | con] CABLE TERMINATION aeTeeripin| LEG a few] SUPPLYT | SB fein on] om tee peor TERMINATION 
size [cove] ree | PANEL nce | PANEL | rer REF. REF. |CODE |5i2’ 

STBD COCKPIT SHELF TANK PUMP CCT BRERS wp2dsas ls 2 KEEL MEMBER | EARTH POINT FRONT FUEL TANKS 
° BP 4 U/P 24 i 24 FR 19-20 |8°5 gp 

stBD D_Of ee supp 24 5100 jp2dBP@ FITS TOCCT SA A tre t C24 pee lulezal “a TANK ® ; ~@ a2 ] BPI WP.24 PUMPS BP2 u/P 24 alulP24|S 6 |FS 1 |- LP Q] eo 
sws : a) BPS fp TO oo TSP 16 
PORT ‘o) 2 BP6 U/P24 PORT Kure2a BP GIFI2 F2 2 a C22 Uf Pas U/P MT 24 

4 ji SUPPRESSOR 
u/P 2444 He G ® ampere (7) sroceT ch BPI 

ap BEl2 uiP 24 sha CABLE ASSY. C.35 
socKET re & Or uP £9 me TTO CCT SA PORT STUB WING 

TEST SWITCH (Ta) vip 24| ST Swi SA4 
PR 2 [uU/P6) TIME SWITCH 

A - PR 4 |U/P6 PORT FWD TANK U/POIPR 4 f 
FLUID LEVE SOLENOID] =O 

PORT CERTRE TANK “seinen VALVE | OF JP 6 PR 6 pr 4 lps OR] SOLENOID 
u/P 6 [PR 6 PRO [u/P6 ob VALVE 

U/P 6 IPR I PRs |u/po{STBO CENTRE TANK oR | SOLENOID 

IPRiz |u/P6 op | (VALVE 
STBD FwO TANK U/P IPR 4 

SOLENOID | O CHERETGT FLUID LEVEL VALVE u/P6|PRS Si.v JPRSOLU/P OL Fe) LE ASSY ST STBD, SwiTCH Si_TIPR 12 |[u/P6 FLUID LEVEL U/PGIPR B ice vest att 8 SwlTCH WING 
4 lureolpr 3 to} \}_a TANK 

Pt w {PR 32iU/P6 A PORT PLU ira u/P6L [© C FLUID LEVEL PO 
5) 8 SWITCH WING 

Pi_V JPR. 5 [U/P6 +6) 1828 Uf A 

= CABLE ASSY. PII TANK 
TO ENGINE MASTER SWITCH 

PORT S780 

SAG 
25 AMP 
CIRCUIT TEST SOCKET 
BREAKER 

BP2 
TO STARTER 

CIRCUIT BREAKER 
BP IO 

—
—
O
 

BPi2 

CONTROL SW. TEST SW 

SPB 

25 AMR 
CIRCUIT 
BREAKER 

+MAIN STB8D 

5 AMP ‘ 

'  coMTacTs { AND C HORMALLY CLOSED. 

3 CONTACTS 2 AND C CLOSED FOP PRE - SET 

TAME 

BP4 

CONTROL SW. 
SOLENOID VALVEST 2 7 PORT Fwd 

OPEN WHEN \ | 1 TANK 
twerciseo / 14 5 

PRE 

FLUID LEVEL © PORT FwD 
SWITCHES TANK 

(OPEN WHEN TANK) 
1S FULL 

PRI 

~F STB FWD r 
TANK ' 

u b
e
e
 1 

4 
a 
u 

PRS 

mi 
° $Tb0 Fwd 

TANK 

PRS 

NOT USED PRIO 

PORT CENTRE , 
1 
1 

STBD CENTRE 
4 

TANK 1 TARK 
t 

a) 

NOT USED PR IZ 

PR3O 

PORT WING STBO WING 
TANK TANK 

mun 

33 

as 
PRS PRT oo 

AS 
wt 

= ¥ as 
aa 

Fig. 1. Tank pumps (pre- and post-Mod. 138) and pressure refuelling 
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