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Notes to Users 

1 These Notes are complementary to AP129 (6th Edition) Flying, 
and reference should also be made to the Operating Data 
Manual (AP4506A/OD), Victor B. Mk. 1. 

2 The limitations quoted in Part II are mandatory and are not 
to be exceeded except in emergency. The contents of the other 
Pans are mainly advisory but instructions containing the word 
"must" are also mandatory. 

3 The Notes are divided by marker cards into six Parts each 
consisting of a munber of chapters listed on the marker cards. 
A Folio Sheer reference number is ac the top left-hand comer 
of each sheer, each Part starting at FS/1. The following con
ventions ah;o apply: 

(a) Words in large capital leccers in the text indicate the actual 
markings on the controls concerned. 

(b) Unless otherwise indicated. all airspeeds, mach nwnbers 
and accelerometer readings quoted are indicated values. 

4 When first published these Notes included information covering 
rbe then current Special Flying InsrrucLions: 

SFr/Victor/23, 30, 33, 39, 41, 42 

and each Amendment List instruction sheet includes a list of 
further Special Flying Instructions and a list of Modifications 
covered by the Amendment. 

5 Modification numbers are only referred to in these Notes 
when it is necessary to differentiate bet\veen pre- and post-Mod. 
states. For ease of reference a list of Modifications mentioned 
in the text is included after the main contents list, with a cross 
reference to the position in the rext where derails of the modi
fication are given. 
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Loss of plenum chamber pressure in flight 
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~ Normal Procedures and Handling 
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Drogue breaks oil 
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~ :\1alfunctioning of the Pods and HDU 
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Management of the Powered Controls and Trimmers 
Ground checks and starting 
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CHAPTER 8- -AIR CONDITIONING SYSTEM 
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CHAPTER JO-AIRCREW EQUIPMENT ASSEMBLY 
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~ Radio Equipment-Three-point Tanker Installation Pura. 
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CHAPTER 2 TAX YING, TAKE OFF AND 

HANDLING IN FLIGHT 
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CHAPTER 3-- - ABANDONING AND EMERGENCY 

LANDING PROCEDURES 
PART Vl~ILLlJSTRATIONS 

Para. 
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Landing with the hydraulic system m the emergency 

condition 2 
Landing with the undercarriage in abnormal positions 3 
Landing with one main leg retracted 4 
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List of Associated Air Publications 

Aircraft hydraulic equipment 
Aircraft pneumatic equipment 
Aircraft pressurizing and air conditioning equip-

ment 
Aircraft tanks 
Aircrew equipment assemblies 
A YF installations 
Sapphire Mk. 20200 and 20700 series . 
Ejection equipment, aircraft 
Electrical equipment manual 
Fire prevention and fire extinguishing equipment 
Gee installation . 
Hydraulic servicing trolley 
IFF installation . 

AP 

1803 Series 
4303 

4340 
4117 Series 
1182 Series 
2533C 
4543 C & H 
4288B 
4343 Series 

957C 
2557M 
2306B 
2887N 

Instrument manual 

Lifting equipment and haulage accessories 

Powered flying control units and equipment, 
Hobson 

Pressure cabin testing trolleys 

Pressure refuelling equipment 
RAF engineering 

Roca! accessory gearboxes and drives 

Signals manual . 

Starting systems for aero engines 

Wheels, tyres and brake systems, aircraft 
Wireless installations 
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4604B, C & D 
2306G 

4511 
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2240A 
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2337 
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Length 
Height 
Span . 
Tail span 
Track . 

Type . 

Main Shock Absorber 

Fluid 

Fluid capacity 
Air pressure 

Dash Pot 

Fluid . 

Fluid capacity 
Air pressure 

Nose Shock Absorber 

Fluid 

Fluid capacity 
Air pressure 

Al 3 JULY 65 

DIMENSIONS 

114 fr. 11 in. 
26 ft. 9 in. 

110 ft. 
32 ft . 8 in. 
30 ft . 2 in. 

ALIGHTING GEAR 
. Electro-Hydraulic 

Oil, hydraulic 
OM.15 34B/9100572 
311 · 0 cu. in. 
1,400 P SI 

(with leg extended) 

Oil, hydraulic 
OM.15 34B/9100572 
9 · 5 cu. in . 
1,930 PSI ( extended) 

Oil, hydraulic 
OM .15 34B/9100572 
486 · 0 cu. in. 
Upper 210 PSI 

Lower 1,450 PSI 

(with leg extended) 

Leading Particulars 

WHEELS 

Main (Dunlop Tub eless T yres) 

Tyre size 

Pressure 

Nose (Dunlop Tub eless Tyres) 

Size 
Pressure 

Tail Bumper (With Tube) 

Type 
Size 
Pressure 

27 in. x 6·5 in. x 15 in. 

I 
Aircraft weight 160,000 lb: 

194 + 6 
_ 4 P SI 

Aircraft weight 180,000 lb : 
240 + 5 

_ 5 PSI 

30 in. x 9 in. x 15 in. 
170 PSI all weights 

AH 8864 
7 in. x 4 · 7 5 in. 
35 PSI 

BRAKES 

Dunlop, hydraulic M axaret 

Pressure 1,600 PSI 

HYDRAULIC SYSTEM 
T ype 
Components 

Fluid . 
System capacity 

R EST RICTED 

High pressure 4,000 PSI 

Electro Hydraulic with certain 
Dowty and British Messier 
OM .15 348/9100572 
26 galls. approx. 
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ANTI-ICING 

Thermal and Electrical 

ENGINES 

Four Sapphire Mk. 202 (Mk. I) 
or 207 (Mk. IA) Jet Turhine 

111' -l506A & C-1>, 

ELECTRICAL POWER SL'.PPUES 

nc .111 pplies 

I 12 volts . From alternators via transformer rect ifier units. 

28 volts. From alternators via transformer rectifier units. 

AC supplies 
Oil 34A/910059 l (Oil tank 18 pints 

pints air space) 
excluding 3 208 volt 3-phase 400 c/s 

115 volt 3-phase 400 c/s 

From alternators 

Fuel 34A/ 179 AVTVR or 34A/25 l AVTAG 

FUEL SYSTEM 

Di1:idcd into three groups 

Port Wing Group 
Starboard Wing Group 
Fuselage Group . 
Booster Pump delivery 

+ (Long Range T anks) 
+ (Long Range T anks) 

pressure 11 PSI 

Fuel Tank pressurisation provided 

115 volt I-phase 1,600 c/s 

From motor generators supplied 
by 112V bus-bars 

From mocor generators supplied 
by 11 2V bus-bars 

BATTERIES 

Varley Type J.24 volt. 25 Amp/Hr. (Ten installed. ) 

RESTRICTED AL 3 JULY 65 



Al' 450oA & C-r:s: 

AL 6 APRIL 67 

Mod . l\o. 

591 
656 
745 
769 
813 
820 

828 
864 
891 
908 

2007 
2023 
2154 
2163 
2348 
2352 
2357 
2529 
2545 
2548 
2598 
2657 
2690 
2744 
2789 
2802 
2820 
2842 
2866 
2910 
2979 
2987 
3008 
3031 
3()"9 
3125 
3 I 14 

List of Modifications mentioned m the Text 

Hric/ Ti1/c 

A;>;/ AR C 52 introduced 
Canory unlocking lever and stowage 
Tone-modu lated VHF int rod uced 
Therma l ice detector introduced 
Changes to anti-icing system 
Interconnect tanks 7 P&S and duplicate pumps m tanks 

12 P&S 
Pressure-off hrakes for l'FCt:"s 
Twin-J'ninter Asr for I st l'i lot 
Automatic cahin dcJ'ressuri sation 
c u ; hypa ss introduced 
Automatic o:,ening of CAt: valves and wing a ir exit shutters 
Protective screens for aircrew 
.l\1agnetic indicators for .\IV and LV para ll eling 
Auwm atic oreration of hrakes 
Hydrau lic puml' ammeters introduced 
Droop leading edge introduced 
Alcohol sp ra v for I st pilot ' s wind screen 
Changes to hydraulics control system 
Guard s for fire detecti on test switches 
High pressure ducting rc,·iseJ 
Additiona l lock at canoJ'y gas gun release 
Overri de for roll error excess torque cut-out 
Ligh ts for Hight refue lling prohe 
Engine-mou nted ahernators \Mk. I aircraft) 
Control column automatic release mechanism 
Ducting insulation re,·iscd 
Render ice-protection s,·stem inoperatiH· 
Nylon smds t" identifv po rt fuel puml' switche.s 
Continuous running hvdraulic J'UlllJ'S 
Repositio n hoathook 
Engine- mounted alternators ,Mk. I A aircraft) 
Twin-pointer AS! for 2nd l'ilot 
Guard over I st l'ilot' s cannl'v jettison gun sea r 
Independent switching of EC.\\ puml's 
Nitrogen svstem for undercarriage emergency lowering 
Hand tire -extingu ishers alte red 
Dele te rad io altmeter Mk. 5 
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Mod . ,, .. ( .. 
3149 
319;) 
3248 
3295 
332 6 
35 83 
3486 
3589 
36l'6 
36-15 
36-16 
38 P 
3881 
3886 
3925 
3929 
3955 

~ 3996 
3997 
-rnze 

BC 039 

Hrief Tirfr 

c;uard for auto-pilot power button 
Vibrators for Mk. 19B or C altimeters. 
Brake parachute system revised 
Swivel seats introduced . 
Automatic hand line for rear crew escape 
Direct reading of bomb-bay tank contents 
Vibrators for l 9F altimeters 
Pressure gauge for nitrogen purging 
Cross-feed cock wir ing revised 
Gu 3rd on I st pilot's throttle box . 
Mk . l 7F regulator in lieu of Mk . 17D 
Cabin differential pressure gauge 
R eposi tion UHF controller 
Fitment of 7th oxygen regulator 
Repositioning of brake parachute switch 

i Cabin differential pressure gauge . 
" Crew gone" indi cation 

Provision for bomh-bay tank fuel jettison 

Visua l indicator for throttle trip lever 
Alterations to automatic hand line 
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Introduction 

1 The Victor B. Mk. 1 is an all metal mid-winged medium 
bomber powered by four Sapphire Mk. 202 jet turbine engines. 
The B. Mk. J A aircraft is powered by four Sapphire Mk. 207 
engines ; both marks are rated at 11,000 lb static thrust at sea level. 
ECM equipment is carried in the rear fuselage compartment and 
below the cabin floor, 

2 These notes are based primarily on the Mk. IA aircraft, but 
where differences occur between the two murks specific mention zs 

made. 

3 A crew of five is carried in the aircraft: 

1st Pilot 
2nd Pilot 
Air Electronics Officer 
Navigator /Radar Plotter 
Navigator/Bomb Aimer 

Provision is made for the fitment of a sixth seat should this be 
required, i.e., for a crew chief. 

4 Conventional type mechanical flying control signalling systems 
operate Power Units installed adjacent to their associated control 
surfaces. 

5 A high-pressure hydraulic system operates the following: 

(a) Tricycle undercarriage 
(b) Wheel brakes 
(c) Main flaps 
( d) Wing nose flaps 
(e) Bomb-doors, which are withdrawn into the fuselage when 

open 
(f) Airbrakes, in the rear fuselage 
(g) Nosewheel steering 

6 (a) Thermal and electrical anti-icing systems are fitted, the hot 
air for thermal anti-icing is derived from the engine compressors 
and diluted with ram air, ducted from auxiliary ram air intakes, 
before being passed to the areas to be anti-iced. 

(b) A thermal heating system is also provided for the bo:11b-~:ay 
this air being derived from the starboard engine compres~ors. 

7 A pressurised fuel system is installed in the wings and fuselage. 
Although consisting of a number of fuel tanks it is greatly simpli
fied by the use of fuel proporrioners. The fuel system is adapted 
for " Flight Refuelling" and bomb-bay tanks can be installed as 
required. 

~ 8 (a) Mk. 1 and lA aircraft ccnverted to the tal'ker role are 
designated (K)l and (K)lA. All Mk. (K)l aircraft are three-point 
tankers. The majority of Mk. (K)lA aircraft arc three-point tankers, 
the remainder being an interim two-point version. 

(b) All (K)l aircraft are brought up to (K)lA (three-point) stan
dards in the following respects: 

1 Flight refuelling (receiver) facility 

2 Ice protection and pressurisation systems 

3 Fixed droop leading edges 

4 Sapphire Mk. 207 engines but exclucling top temperature 
control 

5 New radio and intercomm, facilities 

6 Individual fuel tank gauging ~ 

9 All the instrument panels and electrical distribution boards on 
the aircraft are coded. Th'.)se located in the cabin are shown on 
Figures 1 and 2 ; the cod:ngs and designations are listed m·er
leaf. 
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Ke~ to distril;ution boards and c1mtrol panels :,t pilots' 
staiion 

- ·--- .--------------------------
1/oard 

' A' Pi,OLs' Centre Instrument Panei 
- - - --1------------------ ----- ---······· ·- --

' AA' I st Pilot's Instrument Panel 

'AA.I' 2nd Pilot 's Side Panel , rear , 

'AD ' :;. nd Pilot's Inst rument P ,mcl 

, AC' I st Pilo t's Side Panel 
- --- - -1 - --------- -------- --- - --- -----

'AD' 2nd Pilot's Side Panel 

' AE ' I st Pilot \ Con sole 

·AF' 2nd Pilot's Console 
---------- - ------------ -------------- -

' All' Fuse and Di strihu ti on Hoard 

, AJ, ['u se and D, stri oution Board 

'AL ' Engine Starting Panel 

'AU' V isual Homh-Aimcr 's Cont ro l Panel 
- --- --1- ------------- -----------------

' AT' Pilots' Cmtre Sl iding Panel 
- --- --1 ----------- ------------···---·-··--

' AV' Circuit Breaker Panel 

'AW'' Pilots' Upper Coaming Panel 
--- - - ---------------------- --·--------

'AZ' Pilots' Coaming Panel 

Ke~ to distribution boards alld control panels at rear crew 
stations 

[)l'Si [?l/(/:'1 {1 // 

'BA' AEO's Fuse and Distrihution Board 
- ---- -------------------- ----- -- -----

·BB' AEO's S ide Panel .Generating SYstem Controb) 

'BC' .\EO's S lor ing Panel 

' BD ' LV Bu s-Bars and Di stributi on Hoard 

' BF' .uo's Facia Panel 
-- ----- - -------- -------- · - -------

___ · BG ' I Nose F la p Signal li ng Panel 

· ~I ::-.J'aYigaror's Radar S\\·itch Panel 
---

'CAC' B:m1b-Gea r Control and VG Recorder Cock 

'CB' N~,·igator 's Side Panel Bomb-Bay Heat ing Con:rol ) 

·CD ' Radar Relay and Di strihut ion Board 

·cc Na\'iga tor's Side Panel ._ ):s;ormal Homhcr R,,k ' 

' CP ' Camera Door Circuit Breaker Panel 
--

' CE ' Fu,·e and Di strihution Board . PR R ok ; 

'CJJ' Hornh Fuse and Di strihuti on Board 

. c:-s: , Bomh J ett ison Circuit Breaker Bo,1rd 

RESTRICJ"l· D 

e · 



FS/ 9 AP 4506A & C -PN 

BLACK-OUT CURTAIN 

ASBESTOS 

MAP STOWAGE 
DESTRUCTORS 

FI RE EXTINGUISHERS 

C.G.COMPUTER STOWAGE 

/ 

Fig. 1 Uots' panel 
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Part I-Description and Management of Systems 

Electrical system • 

Fuel system 

Flight refuelling system (Receiver)-Mk. 1A aircraft 

Two-point tanker installation-Mk. (K)lA aircraft 

• Three,.point tanker installation-Mk. (K)l and Mk. 
(K)lA aircraft • 

Hydraulic system and aircraft controls . 
Powered flying controls and trimmers 

Engines 
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Airframe and engine air-intakes anti-icing systems • 
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Fire warning and protection systems 

Entrance, emergency exits and emergency equipment 
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Part I 

Chapter 1-Electrical System 

Description 

General 
DC supplies to bus-bars 
Bus-bar paralleling 
DC ground supply 
DC flight instruments supply 
Low voltage DC special feeders 
Low voltage DC distribution 
Ac supplies 
AC inverter supplies 
ECM AC power supplies (Mk. IA aircraft only) 
ECM cooling (Mk. IA aircraft only) 

Controls and Indicators 

Battery controls . 
Alternator controls and indicators 
Bus-bar paralleling control . 
L v special feeders controls and indicators 
AC bus-bars controls and indicators 
AC type 350 inverters controls and indicators 
ECM controls and indicators (Mk. I A aircraft only) 
Ration heaters 
Internal lighting 
External lighting 

List of Contents 

Para. 

2 
3 

4 
5 
6 

7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Normal Management of the System 
Before starting engines 
After sta rting engines on external power 
After starting engines on internal power 
Pre take-off electrical checks 
Control in flight 
Inverter control . 
Limitations on electrical power 

Malfunctioning of the System 
Loss of an L v battery . 
Loss of an MV battery 
Loss of a special feeder 
Single alternator failure 
Double alternator failure 
Four alternator failure 
LV or MV bus-bar over-volting 
High or low voltage on L v or MV bus-bars . 
Failure of cooling fans whilst taxying . 
Loss o f plenum chamber pressure in flight 
Failure of a type 350 inverter 
Failure of a type 15 3 inverter 
Load shedding 

Illustrations 
Alternator sys tem 
Inverter supplies 
Alternator indicators 
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Description 
I Genera! 
(a) (i) Power for the electrical services is derived from separate port 

and starboard generating systems via two independent but 
idrntical distribution points. Each system consists of two 3-
phase 73 KVA alternators, one driven by each engine. Each alter
nator produces two outputs, one delivering three phase, variable 
frequency AC at a nominal 208 volts for electrical anti-icing 
equipment and battery and feel simulator compartment heating; 
the other at 104 volts which is transformed and rectified to 
produce power for the DC services, at 112 volts and 28 volts. 
Constant frequency 3-phase and single-phase alternating current 
at 115 volts 400 cycles and 115 volts, 1,600 cycles respectively 
is obtained by rotary inverters operated from the 112-volt DC 

bus-bars. 

(ii) Engine mounted alternators 

When Mods 2744(Bl ) or 2979 (BIA) are embodied the mount
ings and drives of the alternators are changed to engine-mounted 
direct drives. This greatly minimises the risk of secondary 
damage occurring to surrounding components if drive failure 
occurs. 

(b) Bus-bars 

• (i) Nine bus-bars are provided as follows: 
Two three-phase 208 volts variable frequency AC 

Two 112 volts, port and starboard, DC (medium voltage) 
Two 28 volts, port and starboard, DC (low voltage) 
Two 28 volts, port and starboard special feeders. 
One ECM bus-bar (Mk. lA only) ~ 

(ii) One 112-volt and one 28-volt DC bu3-bar is fed from each 
of the distribution points. In an emergency each port 112-volt 
and 28-volt bus-bar can be connected to its starboard counterpart 
by a paralleling system which, when manually operated, pro
vides a single source of supply for each voltage. The 208-volts 
bus-bars do not have paralleling facilities. 

(c) Batteries 

(i) Ten 24-volt 25 a.h. batteries are fitted in an electrically
heated ventilated compartment on the port side of the aircraft 
just aft of the nosewheel bay and accessible through a door. 

(ii) Two banks of four batteries are each wired in series to 
form two 96-volt units. One unit connects to the port medium 
voltage bus-bar and the other to the starboard bus-bar. The 
remaining two 24-volt batteries are each connected to the 
appropriate low voltage bus-bar and special feeders. 

(d) Inertia switches 

Four inertia switches are fitted two port and two starboard, which 
automatically shut down the alternators and disconnect the batteries 
from the bus-bars if the aircraft decelerates at more than 3G. 
l'\OTE: If the inertia switches opera te after a crash landing the LV batterv 
switches must be switched OFF before the MV. If the reverse procedure is 
adopted the L v battery will be reconnected. 

2 DC supplies to bus-bars 

(a) The 112-volt DC bus-bars are fed from the transformer recti
fiers through a reverse current relay and a contactor. The 28-volt 
DC bus-bars are similarly fed through a combined reverse current 
relay /contactor. A 350-amp fuse is incorporated between each 
112-volt bus-bar and the contactor. 

( b) If a short circuit develops in the output lines from the trans
former rectifier units the reverse current relays prevent total power 
supply failure by disconnecting the short circuited line from the 
bus-bar. 

(c) Voltage trimmers are mounted on panel BA. 

(d) The electrical equipment in the plenum chamber is normally 
cooled by ram air in flight or by two plenum chamber cooling fans 
when the aircraft is on the ground with the nose-wheel oleo 

• depressed. (On Mk. 1 aircraft pre-modification 716 the cooling fan 
switching is controlled by pressure switches within the nostril~ 
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208V, 

1=====11· ---- -11====41~...s:) I· 

96V. BATTERY 

ALTER NATOR INTERNAL ST ART RE LAY 

24V. BATTE AY 

CCT. 
BREAKERS 

~===ll·- -----lt===e=!::Q___,~1-
9t, y, BATTERY 

STBD. Nc .2 

24V. BA T T E RY 

112V. 28V. 

Fig. 1 Alternator system 
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intake ducting and not by nosewhecl micro switch action.) Two red 
warning lamps, PORT COOLING FAN FAIL and ST AR
BOARD COOLING FAN FAIL will come on if insufficient air 
pressure is provided for adequate cooling. 

(e) LV and MV multi-position indicating ammeters are titted. at 
p:mel BA, to indicate the current flow in the generator circuits. 

J Bus-bar paralleling 

(a) A split bus-bar system divides the aircraft electrical system 
and ensures that a supply is readily available for the duplicated 
ess:ntial control services should bus-bar or power failure occur. 

( b) The arrangement of supplies for essential services is as follows: 

On e:ich 112-volt bus-bar: 

One hydraulic pump feeder 

One sub-unit of each powered flying control unit 

Half of the booster pu;nps in each wing and half of the 
fuselage booster pumps. 

(ii) On each 28-volt bus-bar· 

One VHF /VHF set ~ 

(iii; One special feeder from each 24-volt battery. 

(c; As the aircraft will continue to operate normally with one half 
of the electrical system inoperative the need to parallel the bus
bars will only arise in emergency. Careful thought must be taken 
before deciding to parallel tl-i~ bus-bars since any fault in one 
bus-bar will be transferred w the other and rnuld cause 
complete electric'1l failure. A combined voltmeter and ammeter is 
provided for each bus-bar to provide sufficient information for 
the ,\EO to decide whether the bus-bar to be transferred is service
able. 

-t DC ground suppl) 

A medium voltage and a low voltage ground supply socket are 
located adjacent to the battery compartment. When a supply is 
connected to either voltage socket, the respective bus-bars are 
paralleled. 

5 DC Hight instruments suppl) 

The oc supply for the turn and slip indicators and Mk. 4B 
compass is obtained through circuit breakers 1F4 and 2F4 on 
panel BB. Norarnlly No. 1F4 only is required but should the 
supply routed through this circuit breaker fail, an alternative 
supply is routed through circuit breaker 2F4. Feeder 8P7 on panel 
BB supplies the No. 1 flight instrument inverter. 

b Low voltage DC special !'ceders 

Two special feeder 28V bus-bars capable of operating indepen
dently of the LV battery master switches are installed to ensure a 
separate 24 V supply for essential control circuits a11d are fed 
directly from the internal batteries ( one battery for each bus-bar). 
To connect external power to the special feeder bus-bars the LV 

battery switches must be ON. 

7 I ,ow voltage DC distribution 

(a from the 28-volt bus-bars power is transferred to the various 
distribution boards through feeders protected by circuit breakers. 
on panel BB coded for the distribution board they protect. 

(h) Inside e:Kh fuse and distribution panel is a list of the various 
fuse:; contained therein. 

8 AC supplies 

(u) The 208-volt variable frequency ,\C supply is required for the 
anti-icing heater mats and battery and feel simulator compartments 
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heating. \Vhen the low power warning light is on, e.g. if engine 
speed is below 51', the 208-Vlllt supplv is not available at the 
.\C bus-bar:,. The 208-rnlt .-\C bus-bars supply the following 
services: 

.Vo. 1 bus-bar 
*Port engine air intake heaters 
'''Pon alternator and jct pump 

air intake heaters 
Front fuselage port air intake 

heaters 
*Port aileron power unit air 

duct heater 
Ba ttcry compartment hca tcrs 

.\'o. 2 bus-bar 
'''Starboard eng111c air intake 

heaters 
*Starboard alternators and jct 

pump air intake heaters 
Front fuselage starboard air 

intake heaters 
*Starboard aileron power unit 

intake heaters 
Artificial feel unit compart

ment heaters 
'''Rudder power L!Ilit air duct 

heaters 
* .\tk. 1 A onl\ 

_b) \Vhen the alternators arc in high power, i.e. the low power 
warning lights are out, the 208-volt AC supply of only two alterna
tors is used. the others being automatically held in reserve in the 
event of a fault occurring. 

'.c) Normally Nos. 1 and 4 alternators supply the port and star
board .-\C bus-bars respectively, Nos. 2 and 3 being held in reserve. 
If two alternators on one side fail, no paralleling facilities arc 
availablt:. 

9 AC inverter supplies 

'.a) Type 153 i11z·t'l'ft'l's 

Two type 153 inverters are fitted. One inverter supplies the 
Green Satin system, via two ON/OFF switches on panel CA. 
The other, which is the primary flight instruments inverter. is 
controlled by any one alternator switch and the No. 1 flight 
instrument circuit breaker 1F4 on panel BB. This inverter supplies 
the following: 

Mk. 4B Compass Artificial horizons 

.\!' -1.'lJ(,,-\ S:. C-1·~ !'an I. Ckq,. 1-Fkcl!Ic"al Snt,:m 

Bomb rclav unit 
Bomb calculator 

Fuel flowmeters 
Bomb spacing unit 

Yaw dan,per ( electric) 
Tank fire warning 

]PT gauges 
Zero reacicr. 
l'HF D/F Jct pipe tcr:1perature rnntrol 

(Mk. IA only) 
If this inverter fails, a standby supply is automatically obtained 
from the No. 3 type 3 50 inverter, provided that it is switched on. 
No standby supply is available for the Green Satin installation. 
The starboard 112V bus-bar supplies the Green Satin inverter and 
the port 112V bus-bar supplies the flight instruments inverter. 

(b) Type 350 inl'erl,'l'S 

Three type 350 inverter sets supply the equipment listeu 
below. The available output from each inverter is 1 KVA l 15v-
3-phase 400 CPS and 2 KVA l 15v-singlc-phase 1,600 CPS. 

"A" Group •• R" Group "C:" Group 
.\·o. 1 SC{ ,.\'o. 2 SC{ ;\'o. 3 SC{ 

:--/BC 

!-!2S 

130:nh sight 
IFF Mk. 10 (St2nuhy) 
Auto Mach trimmer 
GEE Mk. 3 (Mk. I and IA 

only) 
Tail warning 
Cabin and bomb-l:av temp. 

control 
Anti-icing control 
Yaw clamper (hydraulic) 
Auto Pilot 
.\DF sup;:ily (DF only) 

(ii) No,. 1 and 2 inverter:; are fed from the port 112-volt bu:;
bar and No. 3 from the starboard 112-volt bus-bar. In the 5upply 
line to each inverter is a fuse and a circuit breaker. 

T acu11 in7'err er 
A separate inverter, fed from No. 1 L v bus-bar, provide:; the 
electrical supplies for Tacan. It is controlled by an ON/OFF 
switch ar the nav./plotters p:isition. 
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28VD.C. 13 P7 
,- ~ 
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OUTPUT N.c..1 SET 
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CONTACTS MOVE IN 
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Fig. 2 Inverter supplies 
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IO ECM AC power supplit!s (Mk. I A aircraft only) 

AC power for the ECM equipment is supplied by either No. 2 or 
No. 3 alternator. When either of these is supplying the ECM equip
ment it cannot be used to supply the normal bus-bars. Thus if 
No. 1 or No. 4 alternator fails when No. 2 or No. 3 is supplying the 
ECM equipment, the appropriate bus-bars will be dead except for 
battery power or unless the bus-bars are paralleled. The Nos. 2 

~ and 3 alternators run at engine speed, but Nos. 1 and 4 alternators 
run at 1 · 1: 1 engine speed. ~ 

11 ECM cooling (Mk. I A aircraft only) 

(a) The ECM equipment is cooled by a water-glycol mixture which 
is circulated by two pumps from a separate water-glycol container 
in the rear compartment, through a freon cooling pack and then 
to the canisters. A constant circulation then obtains. 

(b) The system is controlled by an ON/OFF switch on panel BC. 
The switch controls the electrical supplies to the water-glycol 
pumps, the rotor compressor and amplifier of the freon cooling 
pack. Post-Mod. 3031 the glycol pumps and rotor compressor are 
controlled by separate switches . 

(c) An adjacent magnetic indicator shows HIGH (above 26° c) or 
LOW (below 1 °c) if unsatisfactory water-glycol temperatures exist 
and striped under all other conditions (between 1 °c and 26 °c). 

(d) Post-Mod. 3031, a red warn ing light beside the control switches 
comes on when a high pressure condition is detected in the com
pressor . The compressor must then be switched off for two minutes 
before switching on again. 

~ (e) Supply to the ECM bus-bar is from the 208V AC output of the 
alternator. ~ 

.•.I' 4506A & C-P :S: Pan I , Chap. I-Electrical S ys tem 

Controls and Indicators 

12 Battery controls 

(a) Battery circuit breakers and supply indicators for each MV 
and L v battery supply are on panel BB together with battery 
master switches for control of each battery. 

( b) The L v batteries may be reset after a disconnection from a bus
bar by means of a two-way, spring-loaded to OFF, battery reset 
switch on panel BD. This switch should only be used in extreme 
emergency when all LV supplies to that bus-bar have been lost. 
The MV batteries have no resetting facility. 

13 Alternator controls and indicators 

(a) Four ON/START /OFF switches, one for each alternator are 
mounted on the AEO's side panel BB. The switch positions function 
as follows : 

OFF 

START 

The alternator is inoperative 

The alternator is still inoperative, but the start 
circuit of the TRU is energised. This eliminates 
damage to the voltage regulator during initial 
voltage surge when the alterna tor is switched on 

NOTE: The switch mus t not he left in the START position for more 
th an 15 seconds or damage wi ll be cau sed to a resistance in the TRU. 

ON The power supplies are automatically connected to 
the bus-bars. The 208-volt AC supply will also be 
connected to the appropriate bus-bar provided that 
engine speed is above approximately 50(,;. 

(b) Four low power warning lights, one for each alternator are 
mounted on the AEO's panel BB. If the control switches are set to 
ON, the appropriate amber light comes on whenever its alternator 
is in the low power condition, i.e. when engine speed is below 
approximately 50 '.'r . 

(c) Four press-to-test red warning lights ad jacent to the amber 
warning lights come on when alternator failure has occurred. 
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(d) A feeder circuit breaker supply for each alternator control 
switch is also fitted on panel BB. 

14 Bus-bar paralleling control 

The two low voltage bus-bars may be interconnected by operating 
an O /OFF paralleling switch on panel BB: a similar switch is 
also on panel BB co parallel the two medium voltage bus-bars. 
Mod. 2154 introduces a magnetic indicator for each bus-bar 
paralleling switch which show black when the bus-bars are split 
and white when they are paralleled. 

15 L V special feeders controls and indicators 

(a) Two switches ORMALfOFF/lP and NORMAL/OFF/ 
2P8 control the routing to the two special feeders. Two magnetic 
indicators one above each switch show black when current is being 
fed to the special feeders . The first switch when sec to NORMAL, 
supplies the 2PS special feede r and the second similarly supplies 
the lPS special feeder. Should the electric supply to either special 
feeder fail, shown by its magnetic indicator going white, the switch 
below the indicator can, in emergency, be sec to 1P8 or 2P8 
respectively. This enables both special feeders to be supplied from 
the same banery. 

(b) When the switches are ac NORMAL a supply is routed through 
the appropriate circuit breakers on panel AJ to the following 
circuits: 

Engine fire extinguishers 

LP cocks 

HP cocks 

Fuel proportioners 

and through fuses on distribution board BA to the following 
circuits: 

Plenum chamber cooling fans warning 
Tank fire extinguishers and warning lights 
Battery warning 
Bus-bar paralleling 
Alcernaror warning 

16 AC bus-bars controls and indicators 

(a) Ar the cop of panel BB are four CO TROL circuit breakers, 
together with four magnetic indicators which show pictorially 
which alternators are supplying AC POWER to the AC BUS
BARS . The supply indicarors show a vertical line when energised. 

(b) The indicators are energised when their respective alternators 
are either " working" or " running and available if required ". 

NI I ALHRNATOR5 N!3 

~J 
~/.lllOMATDR •'1 •U.OS PORT BU"'' " u \Y Ntl 1M OESERV[ , 

u ~ 

"""'"'~" mo,,,,,:~ 
N'3 IN RESERVE V V 

~ 0 -1 Q 
- ALH RM/.TDR N' I FAILED, 

Ht e FEE05 PORT 8Ul8AR . 

0 ~ 
Q 1Qr=u 
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17 AC type 350 inverters controls and indicators 

The inverter circuit breakers are remotely controlled by three ON/ 
OFF switches on panel CA. Six neon indicators, adjacent to the 
switches, glow when the inverters arc operating correctly at 400 
c/s and 1,600 c/s. 

18 ECM controls and indicators (Mk. 1 A aircraft only) 

(a) The ECM switch panel CAL is at the left of panel BF. At the 
top right hand corner of the panel is a five-position No. 2 AL TR/ 
RUN/START/OFF/START/RUN/No. 3 ALTR switch. This 
switch is inoperative whenever the No. 2 and No. 3 alternator 
switches are away from the OFF position. To supply the ECM 
equipment, No. 2 or No. 3 alternator must first be switched OFF 
and the appropriate engine RPM set to 93 ± 4-Vi . The alternator 
should then be selected to ST ART on the five-position switch for 
a few seconds and then to RUN. Adjacent to the five-position 
switch is a frequency meter, which should read 400 ± 20 cps and 
a volt meter which should read 200 volts while supplies are being 
made. Two voltage trimmer controls are provided on panel BF. 

( b) Whenever ECM is selected engine RPM must be kept constant 
within the range of 93 + 4½ ,;, in order that the correct frequency 
of 400 + 20 cps can be maintained. If the frequency is not main
tained the supply of the ECM bus-bars is lost and the equipment 
must be reset. If the supply is lost the alternator supply does not 
automatically revert to the normal bus-bars. 

(c) Whenever ECM equipment is in use all the normal alternator 
" switched off " indications are given at the AEO's station. 

(d) At the right of panel AZ, at the pilot's station are two ECM 
f~equency indicators which show as follows: 

Striped No power at indicator, generator switch not at OFF 

Black ECM selected and available at bus-bars, within 
correct frequency range 

White ECM supplies not available at the hus-bars 
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19 Ration heaters 

(a) A ration heater is fitted at each pilot and crew station (except 
the downward observation station~. 

(b) Two circuit breakers are fitted, one on panel AF (AD-Mk. 1) 
controlling the two pilots' ration heaters and one on panel BB 
controlling the three crew ration heaters. 

(c) When using the ration heaters it is imperative that a hole is 
made in each food tin before it is placed in a heater and that no 
tin is heated continuously for a period of more than two hours. 

20 Internal lighting 

( a) Miniature pillar lighting is installed throughout the pilots' 
cockpit, illuminating all panels with the exception of fuse and 
circuit breaker panels AJ, AH and AV. 

(b) The following switches control the lights as follows: 

L oca1io11 

Aft of ;1anel AC 
Left-hand side of panel AB 
Aft 0£ panel AT 
Aft of panel AT 
Righ: of panel AZ 
Left of panel AL . 
Bottom of panel AB 
Outboard of quadrant on panel AF 

21 External lighting 

(a) External lights control 

C o11nols lights 
011 pa11els 

AC, AE 
AB 
AT 
A 
AW, AZ 
AL 
AB 
AD, AF 

~ The EXTL. LIGHTS MASTER CIRCUIT BREAKER 1s on 
panel AC and controls the navigation lights, and, via the port and 
starboard light circuit breakers, the filaments of the landing lamps. 
The navigation lights ON/OFF switch is on panel AC. (The 
navigation lights have no flashing facility. ) The beacon switch is 
independent of the external lights master circuit breaker. ~ 
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(b) Anti-collision beacon 

The anti-collision beacon is controlled by a three position switch on 
panel AC. The switch positions are FLASHING/OFF /STEADY. 

(c) Landing and taxying lights 

(i) Two master circuit breakers one for the PORT and STBD. 
lights are on panel AC. Adjacent is a three-position IN /T AXY / 
LAND switch. Setting the switch to T AXY or LAND selects 
the appropriate position. When set to IN the lights are retracted 
and switched off. 

(ii) A further two circuit breakers arc on panel AJ. 

Normal Management of the System 

22 Before starting engines 

(a) Eiectrical checks 

(i) On entering the aircraft check that all alternator switches 
are OFF and their circuit breakers tripped. When the external 
power supply is on, switch on the Special Feeders checking that 
i:he magnetic indicators are black. Make all L v circuit breakers 
on the lower part of panel BB with the exception of the following: 

Window dispensers N os. l , 2, 3 and 4 

Ration heaters 
Flight Instrument N o. 1 

The external supply voltages will be indicated on the bus-bar 
voltmeter and the paralleling indicators (Mod. 2154) show white. 

(ii ) Ensure that the MV battery switches are off and the indi
cators white then switch on the LV battery switches and check 
that the indicators show black. Make all four AC circuit breakers 
at the top of the panel, the indicators should be horizontal. The 
No. 1 LV volt meter/ammeter should read a charge rate of 0-10 
amps thus indicating a normal battery condition, but No. 2 will 
show a discharge read ing of 50-60 amps. This is not a fault in 

the electrical system but is due to the ammeter being so placed in 
the external power circuit as to read all current being supplied 
to the aircraft L v bus-bar. 

(iii) Make the crash switch circuit breaker and check that the 
warning lights are out. 

(iv) Re-check that the No. 1 Alternator circuit breaker is tripped 
and switch the alternator to ST ART then ON; this connects a 
28v oc supply via No. 2 Flight Instrument circuit breaker to the 
Mk. 48 compass, the 1st and 2nd pilot's Turn and Slip indi
cators and the sextant. 

:s:OTE: An alternator must never be switched ON with its circuit breaker 
made if the engine is stationary, or severe damage will result. 

(v) Trip circuit breaker 1 P25 and watch for a flicker on the 
total contents gauge at the Navigator Plotter's station (this 
indicates that the alternative electrical supply has taken over), 
then remake it. 

(vi) Switch ON No. 3 type 350 inverter to supply the Mk. 4B 
compass and engine instruments. 

(vii) Make all circuit breakers on panels AJ and AV. 

(b) Functional checks 

On commencing the functional checks prior to the use of hydraulic 
pumps make the No. I Flight Instrument circuit breaker and check 
that the cooling fan warning lights are out . The Plenum Chamber 
pressure gauge should now read a minimum of O · 07 PSI and the 
Flight Instrument Inverter indicator on panel CA show black. 
When the hydraulic pumps are no longer required for functional 
checks, trip the No. I Flight Instrument circuit breaker and check 
that the cooling fan warning lights are illuminated. 

(c) Normal starting procedure 

Immediately prior to starting the engines switch OFF No. 1 
alternator switch and make the No. I Flight Instrument circuit 
breaker. 
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(d ) l111 emal start procedure 

When the aircraft batteries are used to start the engines the 
alternator switches must be OFF and the No. I Flight Instrument 
circuit breaker made. Switch ON the LV batteries and parallel the 
1.v bus-bars, then switch ON the MV batteries. It is not necessary 
to parallel the M v bus-bars as this is done autnmatically on select
ing INTERNAL on the Start Master Switch. 

23 After starling engines on external power 

(a) Barrav control 

When all engines are running at idling speed switch ON the .l',\V 

batteries and ensure tha t the charge rate is normal (0-10 amps 
~ after one minute). The maximum permissible charge rate 1s 20 

amps for 30 minutes. ~ 

(b) Alternator control 

When the MV batteries are on, make all the alternator field circuit 
breakers and switch on the first alternator as follows: Select the 
ST ART position , pause for a period of five seconds then switch 
to ON. The alternator Power Failure Warning light (red) should 
now go out and the Low Power (a mber) light illuminate. Simul-
taneously the coo ling fan wa rning li ghts should be extinguished 
and the Flight Instrument Inverter indicator show black. Repeat 

the above switching procedure for the remaining three alternators 

and check that their individual ammeters show I.\" and !II\" output 

when external power is removed . 

Bus-har ,fr-paralleling check 

When the alternator output is stabilised remove external power 

and check that the paralleling indicators show black. A furthe r 

check may he made by loading each bus-bar and observing the 

effect nn thi: alternator ammeter,. 
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24 After starting engines on internal power 

(a) Alternator control 

When the first engine is running at idling speed , switch on its 
alternator as described in 23 (b\. As the engine is run up to 75 ', 
check that the alternator Low Power (amber) warning light goes 
out at 51', power and its AC magnetic indicator becomes vertica l. 
.-\ \ each engine is started repeat the switching procedure. 

,b) Bus-bar d ,·-paralleli11 g 

With all engines started and the Start Master Switch at FLIGHT, 
place the L v paralleling switch OFF and check that the L v and 
MV paralleling indicators are black. 

(c) Ba11ery L·ontrol 

After an internal start the battery charge rate will be higher than 
usual hut should soon settle down to a figure of 10 amps or less. 

25 Pre take-oft" electrical checks 

When all engines are at full power prior to take-off ensure that all 
electrical power circuits are fun ctioning normally. as follows: 

(i) Alterna to r Failure Warning Lights out. 

(ii ) Alternator Low Power Warning Lights out. 

(iii '. Alternato r Cool Close Lights out. 

(iv) AC Power Supply indicators vertical. 

(v · MV and 1.v voltages and current within limits. 

26 Control in ftight 

(a ) Alternators 

(i) Switching of alternators in flight should be restricted to a 
minimum and not herwecn engine speeds of 40 w 70'; RPM . 
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(ii ) In normal flight with all the alternator Low Power Warning 
lights out. all AC magnetic indicators should be vertical , with 
Nos. l and 4 alternators supplying the AC bus-bars. 

N .B.-If the AC outrut of two alternators on one side fails, no crnss
fe ed ing facilities are availahle and nil the 208v .-\C suriplies will he Jo,t 
on the atfrcted side. 

(b) Ba1teries and bus-bars 

Check periodically that the MV and L v battery indicators are black 
~ and bus-bar voltages normal (112v, 28v ). If the battery is switched 

off in flight and switched on again before landing a charge rate of 
up to 80 amps for 30 seconds may occur until the TR!; settles down. ~ 

( c) Special feeders 

During flight periodic checks should he made to ensure that the 
Special Feeder indicators are black, as if either indicator ch:mges 
to white the special feeder together with its associated battery is 
lost. 

(d) DC bus-bar paralleling 

Before paralleling the bus-bars in the event of a fault care should 
he taken to ensure that: 

(i) No earth fault is present on the dead hus-har (as indicated 
by the volt/ammeter .. 

( ii ) All loads arc ,witched off the dead bus-bar. 

WARNING : If .:1 m-or1g decision is made it is possihle to trans
/er a fault to the lire bus-bur thus losini al/ electrical s11pplit?.L 

27 Inverter control 

(<1 ) The Flight Instrument Inverter indicator on panel CA will 
normally show black in flight. In the event of its failing , No. 3 
Type 350 Inverter will autorr.arically take over its loads; for this 
reason No. 3 350 Inverter should always be switched ON in llight. 

(b) When switching Type 350 Inverters on and off the loads must 
alw:iys he swi'.ched off fir'it. This also applies when use is made of 
the transpose facility. 

28 Limitations on electrical power 

Loading of each alternator must be limited to a sustained MV load 
of 200 amps and an L v load of 100 amps. Normal in-flight loads 
with four alternators in use will he approximately 50 amps \\ v 
and 25 amps 1.v per alternator. 

Malfunctioning of the System 

29 Loss of an L V batterJ 

(a) If during flight an LV magnetic indicator changes to white, 
that battery is then disconnected from the bus-bar. Put the 
appropriate battery switch to OFF, allow time for the thermal 
trip to reset (approximately 30 secs. ) then switch the battery ON 
again. If the magnetic indicator changes to black then white switch 
OFF and leave off. 

( b If an L v battery becomes disconnected and cannot be reset, 
care must be taken not to throttle back both engines on that 
side in such a manner that both alternators change into low 
power at the same time. Failure to take this precaution may 
result in failure of both associated alternators and loss of resetting 
facilities. This situation is caused by the frequency sensing units in 
the transforming rectifier units moving to the low power condition 
simultaneous with the throttle movement, thus momentarily break
ing the TRt: L v supply to the bus-bar. As no L v battery supply is 
available on the bus-bar the subsequent loss of alternator field 
current will cause both alternators to fail. Non-synchronous move
menr of the throttles will prevent this by ensuring that one TRl' is 
supplying field current to both alternators whilst the frequency 
sensing unit of the other is moving to the low power position. 

(c · If the disconnection of the battery is .iccompanied by the loss 
of alternators, load shedding must be carried out and action taken 
to reset the L v battery as in (a) above. If this action is unsuccessful 
the LV bus-bar reverse current reset switch at the edge of the 
:\EO's table mav he used. This switch should nor normally be used 
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in flight to recover a failed battery but, in the cvem of failure tif 

battery and alternator supplies. range considerations or subsequent 
faults may justify its use. 

30 Loss ol' an MV batter) 

(a) Should an MV battery indicator show white indicating discon
nection from the bus-bar, switch OFF then ON. If the indicator 
shows black no further action is necessary. 

(b) If after switching OFF then ON the indicaror goes black then 
white no further action is possible. 

(c) Should the indicator remain white after reset action the battery 
is connected but the indicator is unserviceable and the fuse should 
be checked. 

31 Loss ol' a special feeder 

:u) If either magnetic indicator changes to white indirnting a 
failure it is inadvisable to use the alternative supply except in the 
case of an engine fire on the failed side. The special feeder switch 
should in this event be put over ro the alternative position whilst 
the fire button is being pres~ed. 

1 b) All other actions as for loss of an L v battery. 

32 Single alternator failure 

(u) The loss of an alternator will be indicated by the illumination 
of the Power Failure Warning Light (PF\VL) on panel BB and nil 
readings on the appropriate ammeter. If the field circuit-breaker 
has tripped , switch OFF, reset the circuit-breaker and switch 
o:r,; via the ST ART position . If the alternator Power Failure 
Warning Light comes on again switch OFF and leave OFF. 

; b: If an alternator PF\\'!. comes on whilst engine RPM is less than 
51' r and th~ low power light is on, it is possible that the alternator 
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has tripped off line due to a temporary overload condition. Switch 
the alternator OFF, shed the appropriate MV loads and switch the 
alternator ON again after a minimum period of 30 seconds. If the 
alternator then operates satisfactorily the M v bus-bar loads may be 
reconnected , but if the PF\\'L comes on again switch OFF and 
leave OFF. 

(c) If both the low power light and the PFWL come on whilst 
engine RPM is above 51', it is an indication of a sheared drive 
shaft, in this case switch the alternator OFF and leave OFF. Con
sideration should be given to flaming out the engine. 

33 Double alternator failure 

(u; Should two alternators fail on one bus-bar both Power Failure 
Warning Lights will illuminate. Switch OFF the MV battery 
switch thus removing all heavy loads from it immediately, and 
reduce LV loads by selective switching. The MV loads can then be 
individually switched OFF by use of the appropriate switches. 
Restore the MV battery to its bus-bar by switching ON and check 
its ammeter for any discharge. Reset the alternators as in para . 32 
above and switch ON MV services again. If neither alternator can 
be reset the M v and L v voltmeter /ammeters must be checked 
before any decision to parallel the bus-bars is made. 

:-:on,: So <1!lc111p1 is I<' /,e 111ade lo rccm:er "" al!ema1or if 1/ie /,11s-/,an 
h,n·e /,ce11 pur,11/dcd. 

( b) In the event of the loss of two alternators accompanied by the 
disconnection of an LV battery and loss of special feeder, the MV 

battery latched contactors will interlock due to the lack of supplies 
to open them. The MV bus-bars may in this instance be paralleled 
at the captain's disnetion. 

(c) In all instances where two alternators fail on one side or are 
switched off, load shedding should be carried out as listed in the 
Double Alternator Failure Drill. However, the LV battery should not 
be switched off immediately such an emergency occurs as it is 
important to retain various indicators and control circuits, the most 
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important of these being, Engine Fire Warning, PFCU indicators, 
Hydraulic control and indicators and Abandon Aircraft lights. If it 
is not possible to reset the alternators and a decision is made not 
to parallel the bus-bars the L v battery will become discharged if 
left on. Therefore after the immediate emergency is over it is 
advisable to switch it oft and trip the L v feeder circuit breakers 
on the failed side. If the battery voltage is kept above 19 volts it 
can be used for important control and indicator circuits as although 
some indicators will work at very low voltage, control circuits 
become useless below 17 volts. In the event of the loss of two 
alternators on one side being accompanied by the disconnection of 
the LV battery, the MV latched loads cannot be switched off the 
bus-bar. Therefore consideration must be given to paralleling the 
MV bus-bars or switching off the MV battery. 

34 Four alternator failure 

Th~ chance of four alternator failure due to an electrical fault is 
considered remote in a split bus-bar system, but in the event of its 
happening the following procedure must be carried out: 

(i) Shed loads as in sub-paras. (v) to (xix) 

(ii) Trip all alternator field circuit breakers and remake 
individually 

(iii) If unable to regain alternators trip circuit breakers and. if 
safe to do so, parallel the bus-bars 

(iv) Airbrakes as required 

(v) Switch OFF both hydraulic pumps 

(vi) Switch OFF half Power Flying Control Units 

(vii) Select all proportioners to BYPASS 

(viii) Leave three fuel pumps ON. all others OFF 

(ix) NORMAL yaw damper ST AND BY-standby yaw damper 
as required 

(x) Switch OFF all inverters except the ( 153) Flight Instrument 
Inverter 

(xi) Trip NBC and H2S circuit breakers 

(xii) Switch OFF scanner stabilisation 

(xiii) Switch OFF the VHF /UHF set not in use 

(xiv) Minimum use of the HF then trip the circuit-breaker ~ 

(xv) Switch all lighting to minimum requirements 

(xvi) Switch OFF all heater and anti-icing switches except pitot 
head heaters 

(xvii; Trip !LS and /\DF circuit breakers 

(xviii) Trip ration heater circuit breaker 

(xix Switch OFF conference inter-comm. and l'HF (Mk. I A 
and Tanker aircraft only; ~ 

(xx) !FF to EMERGENCY if required. (No. 2 350 Inverter 
must be ON for same) 

NOTE 1: The .\IV hus-har \'oltage must he n10nit,ired continuouslv, as the 
power ttving controls will he inoperati\'e at helow 7,,. and the· aircnft 
must he ahandoned when this figure is reached. 

:-.JOTE 2: If the alternator failure is due to a four-engined tlame-out the 
alternator field circuit breakers should not he tripped until the Transformer 
Rectifier Unit 1.v output, fall to 5 amps as the alternators will contin11c 
to gi\'e an output under windmilling conditions. In this event the air
hrakc·s should not he exll'ndcd. 

35 L V or M V bus-bar overvolting 

If an overvolting condition of more tha.n 35v on an L v bus-bar or 
125v on an MV bus-bar occurs check the ammeters to find the 
generating system carrying the heaviest load. Switch OFF the 
alternator with the highest output and if the voltage returns to 

normal no further action is necessary. If the overvolting persists 
switch this alternator back ON again and switch OFF the second 
alternator. If the voltage is now normal no further action is neces
sary hut if the overvolting condition persists switch OFF both 
alternators. shed the appropriate loads and consider parallelin~ 
action if safe lll do sn 
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36 High or low voltage on LV or MV bu -bars 
Should an LV or 1V bus-bar voltage increase co 30-35v or 115-
I20v respectively or should voltage fall to 24-26v or 105v 
respectively, swit h OFF either alternacor and trim the remaining 
alt~rnator to 28v. Swiech both alternators O again and then 
5w1tch OFF the alternator which has been trimmed. Trim the 
second alternator to 28v and sw~tch both al terna tors ON agai n. If 
unable to trim any one alternator, switch OFF and leave off, but if 
unable to trim both a lternators switch both ON, leave on and 
monitor the voltmeter /ammeter for excessive charge or discharge. 

37 Failure of cooJjng tans whilst taxying 

(a) The failure of one cooling fan whilst taxying will be indicated 
by the illumination of the red warning light on panel BB. Load 
shedding must be carried our on the appropriate bus-bars the MV 

and L v bus-bars paralleled ro distribu te the Transformer Rectifier 
Unit loads evenly and the aircraft taxied back co dispersa l. 

(b) Two cooling fan warning lights illuminating on panel BB will 
indicate the fai lure of both fans. Check the N o. 1 Flight Instrument 
circuit breaker on pane] BB and its as ociated magnetic indicator 
on pand CA. If the indicator is white and the circui t breaker 
rrippcd, reset the latter and if the cooling fan warning lights go oul 
and plenum chamber pressure as indicated on panel BC is above 
0 · 07 PST, no further action is necessary. If the cooling fans remain 
unserviceable the engines should be closed down as quickly a 
possible and all services switched OFF. Fuse E20 in panel CD 
over the Navigator /Radar station can now be checked, also the 
appropriate I RC fuses in the plenum chamber. 

38 Loss of plenum chamber pressure in flight 

Any loss of plenum chamber pressure in flight will be indicated 
?Y .a n_egative reading on the gauge on panel BC and is u ually 
md1canve of the loss of a hatch, i.e. dinghy ha tch, plenum 
chamber hatch. All Transformer Rectifier Unit load should be 
reduced to a mini.mum consistent with safety and the bus-bars 
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parallel.cd if safe co do so. It is considered that where flight con
ditions necessirate, a further 90 minutes flying time is permissibk 
without undue overheating but where possib le the aircraft should 
be landed and closed down. 

39 Failure o( a type 350 inverter 

The failure of a rype 350 inverter will be indicated by one or both 
neon indicators on panel CA failing to glow. Before attempting to 

reset the inverter its loads must be switched OFF then the inverter 
switch held in the trip position for one second. Swiech the inverter 
0 and if the neon indicators are normal, reload. In the event of 
failure to re-establish the inverter a transpose facility exists to 
enable its group of ervices to be transferred to another inverter. 
This facil ity is controlled by the POWER EMERGENCY T RANS
POSE SWITCH on panel CA ar the Navigator's station. Before 
operating the switch both the unserviceable inverter and the 
inverter to which the group is co be transferred must be unloaded 
and swi tched OFF to prevent arcing of the relay contact . After 
transposition the serviceable inverter muse be switched ON again 
and the loads re-in troduced. The cable below summarises the 
operations involved in effecting transposition. 

UI S 
G roup 

Swilch OFF Switch ON 
I11Vatcr R eqd. Not R eqd. l llvenien Se/ea I nvertcr 

l A B 1 and 2 A / B 2 
1 A C 1 and 3 A/ C 3 
2 B A 2 and 1 A/ B 1 
2 B C 2 and 3 B/ C 3 

40 Failure of a type 153 Inverter 

Loss of type 153 inverter supplies will be ind icated as follows : 

(a) No. 1 Flighc Instrumencs Inverter-the magnetic indicator on 
panel CA will indicate white bur the services supplied wi ll be 
automatically taken over by N o. 3 350 inverter. The reset action 
is co trip and remake the No. 1 Fligh t In rrument circuit breaker. 
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(b) The Green Satin Inverter - the only indication of lo s of 
Green Satin inverter supplies will be the failure of the Green 
Satin equipment. The reset procedure is to switch OFF the Green 
Satin equipment and the inverter, then switch ON in the reverse 
order. If the inverter remains on no further action is necessary bur 
if it fails again no alternative supply is available. 

41 Load shedding 

The following tables list all the M v loads and the main L v loads 
which may be shed 

MV loads 

Swiech off appropriate MV Battery ro ensure complete load 
shedding. 

Port MV Bus-bar 

Nos. 1 and 2-350 Inverters 
Flight Instrument Inverter 
No. 1 Hydraulic Pump 
Odd PFCU's 

Red Fuel Pumps 
H2S Amplidyne 
Ration Heaters 
m Cooling Fan 

Starboard MV Bus-bar 

No. 3-350 Inverter 
Green Sarin Inverter 
No. 2 Hydraulic Pump 
Even PFCU' 

Green Fuel Pumps 
H2S Scanner 
Ration Heaters 
TR Cooling Fan 

Attention is drawn to the small H2S load on both bu -bars which 
will preclude the use of H2S when either bus-bar has completely 
shed its load . 

Main LV Loads 

No . 1 LV Bus-bar 

Landing lamp 
HF 

~ No. 1 VHF /UHF 

Starboard pi tot head heater 
Panel lights 
NBC 

H2S 

IFF Mk. 10 
Radio Altimeter 
Navigation light 
Main Alternator Control 
Trim control 
PFCU control 
Cabin ventilation 
Tail anti-icing 
Engine anti-icing 
S tarboard wing anti-icing 
Port wing anti-icing 
Wing air exit shutters 
Trip circui t breaker lr25 
Tacan 

No. 2 LV I3 11s-ba,· 

UHF 

Panel lights 
No. 2 VHF/UHF 

Pon pitot head hea ter 
Cabin lights 
Trim control 
Main Alternator control 
Cabin Temperature Control 
ADF 

Engine anti- icing 
Tail anr.i-icing 
Port wing anti-icing 
Starboard wing anti-icing 
Bomb-bay heating 
Wing air exit shutters 
Controlled AC supp lies and 

flight instruments standby oc 
Flying controls 
Bombing controls and indicators 

NOTE: In the event of double engine or double allernator fai lure where 
it is decided not to parallel, the L v battery will be switched off to conserve 
it after the immediate emergency is over. The hydrau lic, fuel, PFCU and 
inverter control circuits wi ll be affec ted as detailed under these sections. 
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Part I 

Chapter 2-Fuel System 

List of Contents 

Description 
I ntroduction 
Tank capacities 
Fuel proportioners 
Fuel recuperators . 
F uel feed ro the engines 
Tank pressurisation system 
Ground refuelling system 

Controls and Indicators 
Sliding panel AT 
Internal tanks booster pumps controls . 
Bomb-bay tanks booster pumps controls 
Drop tanks booster pumps controls (not in use) 
LP warning lights 
Fuel proportioner controls . 
F uel contents gauges . 
Wing isolation cocks switches and magnetic i.odicators 
W ing refuelling cock and indicator 
Cross--feed cock and indicator 
LP cock controls 
Fuel flowmeter . 
Fuel tanks pressurisa tion controls 
Fuel Meer de-icing system control's 

Description 
1 Introduction 

Para. 

l 
2 
3 
4 
5 
6 
7 

8 
9 

IO 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

(a) Fuel is stored in a series of flexible bag-type tanks, in three 
groups, one group in the fuselage and one in each wing. The basic 
fuel system tankage can be increased by the carriage of two tanks 
in the bomb-bay. 

Normal Management of the System 
General 
Selection between fuel t·ank groups 
Fuel sys tem control . 
F uel controi with bomb-bay tank operable 
Contents checks . 
Booster pump control 
Management of the fuel tanks pressurisation system 
Management of the fuel fi lter de-icing sys tem (Mk. 

aircraft) 
Management of the ground refuelling sys tem . 

Malfunctioning of the System 
Asymmetric wing contents 
Booster p ump failure . 
Proportioner fa ilure 
Engine failure 
Fuel tank pressure fai lure 
Other failures 

Illustrations 
Fuel system diagram 
Sliding panel AT 

Para. 

22 
23 
24 
25 
26 
27 
28 

lA 
29 
30 

31 
32 
33 
34 
35 
36 

Fig. 

l 
2 

(b) The tanks of each fuel tank group are pressurised by a group 
pressurisation system all three of which operate from a common air 
supply system rapped from ·the final stage of the compressor of all 
four engines. 

(c) (i) The controls for fuel system usage are on a sliding panel 
AT between the two pilots and which slides forward under the 
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centre instrument panel when not in use. On the second pilot's 
console AF (Mk. 1) or side panel AAJ (Mk. lA) are the fuel 
proportioner indicators. 

(ii) Individual IN USE/NOT IN USE tank control switches 
are 011 panel FE on the port side of the fuselage and are not 
accessible in flight. 

2 Tank capacities 

(a) The following table shows the approximate usable fuel 
capacities, in pounds and calculated at 7 · 7 lb/gallon. 

Gallons ,Pounds Boosier 
Tank a1<d locarfon No. usable fuel total usable pumps 

off per cank 'fuel per lank 

WING 
No. I Centre section 2 467 7,192 1 
No. 2 Inner p lane 2 ws 4,542 1 
No. 3 Inner p lane 2 263 ·5 4,058 1 
No. ·4 Inner plane 2 323·5 4,98 1 1 
No. 5 Inner plane 2 3'40·5 5,24'4 2 

o. 6 Outer pl'ane 2 4-75 7,315 2 

FUSELAGE 
No. 7 Centre section 2 589 ·9,071 r 
No. 8 Bomb-bay roof 'J 342 2,634 l' 
No: 9 Bomb-bay roof 'I 529 4 073 1' 
No. 10 Bomb-bay roof 1 773 5,952 r 
No. 111 Bomb-bay r6of 1 382 2,9141 1' 
No. 12 Rear fuselage 2 524 8,069 11 

(2 pos t-
Mod. 820) 

Total, in-
ternal 66,072 

LONG R,\NGE 
Bomb-bay 2 988 15,216 ·2 

Total with . 
long-
range 
tanks 81 ,288 

(b) When Mod. 820 is embodied No. 7 P. & S. Tanks are inter~ 
connected, thus for operational purposes the two tanks become one. 
This ensures a continued supply of fuel from both tanks should 
either tank booster pump fai l. 

(c) Mod. 820 also make provision for additional booster pumps 
in No. 12P and 12S tanks thereby ensuring a continued supply 
should a single pump failure occur. The pumps are controlled by 
two circuit breakers on Sliding Panel AT, the switching being 
arranged so that one circuit breaker controls the No. 1 pumps in 
each tank whilst the other circuir breaker controls the o. 2 pumps 
in each tank. The co11trol switches on panel AT are identified by 
the annotations 12P AND S 0. 1 PUMPS and 12P AND S 
NO. 2 PUMPS. 

3 Fuel proportioners 

(a) Three mecha11ical vane type fuel proportioners are provided, 
one for each wing a11d fuselage group. Fuel from the bomb- bay 
tanks is not proportioned. 

(b ) The proportioners provide the desired ratio of fuel flow from 
individual tanks. 

(c) Ea~h proportioner consi ts of a number of cells each connected 
to a pa;-ticular tank. Each cell contains a set of rotors, a bypass 
valve and a fuel outlet valve. Both valves of the wing groups 
proportioners are elecrrically controlled; only the bypass valve of 
the fuselage group proportioner is controllable. 

4 Fuel recuperators 

Four fuel recuperators are provided and are piped in pairs each 
pair feeding t\vo engines. Each recupera tor is of 2½ gaJlon 
capacity and ensures that the engines are supplied with fuel under 
negative G conditions. The recuperators are re-charged from the ,.aw. 
main fuel feed system when negative G conditions no longer exist. 'W' 
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5 Fue] feed to the engines 

(a) Fuselage group 

From che fuselage proportioner fuel is fed to the engine gallery 
line, either sid of chc crossfeed cock and rhen to each of engines 
via the LP cocks. 

(b) Wing groups 
From each wing group proportioner fuel is fed to the wing gallery 
line and chen chrough wing isolation cocks to the engine gallery 
line on the associated side. The forward bomb-bay tank feeds 
into the port wing gallery line via long range isolation cock and 
the aft bomb-bay tank into the starboard gallery line. Cross-feeding 
can be actioned by the use of the flight cross-feed cock, or, 111 

emergency, by the wing refuelling cock. 

6 Tank pressurisation system 

The internal fuel tank pressurisation system automatically maintains 
a 2 · 75 PST differential pressure between the fuel tanks and 
atmosphere for all conditions of flight. The system is divided into 
three groups with a common air supply tapped from all four 
engines. One or more engines can pressurise all three groups. A 
vent valve gives both inward and outward venting should the 
normal control system malfunction, outward venting occurring 
at 4 PSI and inward venting at O · 14 PSI. 

7 Ground refueHing system 

(a) Two pressure refuelling connections are on the starboard side 
of the fuselage, one for refuelling both wing groups and bomb
bay tanks and the other for refuelling the fuselage tanks. 

(b ) The wing groups are fuelled via the normal gallery lines and 
proponioners, but the fuselage group is provided with separate 
refuelling lines. 

(c) All tanks are fitted with high level float switches which control 
either che proportioner cells (wing groups) or rhe refuelling valves 
(fuselage group) to cut off the supply co the affected tank. 
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Controls and Indicators 

8 Sliding panel AT 

(a) This is the main fuel control panel and slides in runners below 
the centre instrument panel. The panel is in the form of a mimic 
diagram of the fuel system and is transill uminared. 

( b) On the panel are the following controls : 

Three proportioner controls 
Two wing isolation switches and indicators 
One wing refuel swi tch and indicator 
F our I.P cock concrol switches 
One cross-feed cock witch and indicator 
Twenty-four booster pump circuit breakers 
Two long range iso laticn cock switches and indicators 
Two drop rank booster pump controls 
Two controls, one for fwd. and one for aft bomb bay rank 

booster pumps 
Five fuel contents gauges 
Two bomb-bay rank fuel gauge selector switches 
Tank contents selector 
Two prob isolation cocks switches 

9 Internal tanks booster pumps contro]s 

(a) Twenty-four circuit breaker switches control the aircraft booster 
pumps. Eight are provided for each wing group and eight fo r the 
fuselage group. 

(b) Post Mod. 820 each o. 12 tank circuit breaker controls one 
pump in each tank, so that failure of one pump, or its electrical 
supply does not affect full delivery rate. 

(c) When Mod. 2842 is embodied twelve nylon studs are firred 
adjacent to and for ease of identification of those circuit breakers 
which control fuel pumps supplied from the port bu -bar. 

10 Bomb-bay tanks booster pumps controls 

~ The FWD BOMB-BAY and AFT BOMB-BAY TANK controls ~ 
switches, PUMPS, 0 /OFF /REFUEL, are on the port and 
rarboard side of the fuselage rank booster pump swi tches. ince 

each control one pump in each rank, both switches must be on if 
only one rank i fitted in order that both pumps in tha t rank are 
operative. 

11 Drop tanks booster pumps controls (not in use) 

(a) Outboard of the rwo bomb-bay tank switches are cwo similar 
DROP TANK P MPS ON/OFF/REFUEL swi tches which 
operate in an identical fashion to the bomb-hay tank swi tches. 

(b) Forward of each DROP TANK SWITCH is a DROP TANK 
F EL ISOLATIO OPEN/CLOSE switch which must be set 
to OPEN before fuel wi ll flow to the wing gallery lines. A 
magnetic indicator adjacent to each switch gives " flow line " 
indication of the position of the cock, or striped indication if 
electrical supply is lacking. 

12 LP warning lights 

(a) Four red warning lights, one for each engine are mounted on 
the lower edge of the pilots centre engine instrument panel A. 
The light is controlled by a pressure switch mounted on rhe 
corresponding engine and connected to the fuel supply line between 
the low pressure filter and the engine driven pump · the switch 
contacts close if the pressure in the line falls below 2½ PSI. 

(b) When Sapphire Mod. 1099 is embodied an additional 9 PSI 

absolute pressure switch is fitted . This gives a positive indication 
of low fuel pressure at altitude. 

13 Fuel proportioner controls 

(a) Three PROPORTIONER, NORMAL / BYPASS control 
switches are situated one ar each forwa rd corner of the panel and 
one at the aft end of the panel. 
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(b ) The settings of the switch are 

NORMAL . Proportioned fuel from all tanks contammg fuel in 
the respective group is fed to the engines, provided 
that the individual tank control switches are selected 
co " in-use. ' his setting i also used for refuelling 

BYPAS All cells of the proportioner et to bypass 

(c) Above each proportioner switch is a NORMAL/REFUEL 
switch. When the switch for the fuselage group is set co REFUEL 
the refuelling valves solenoids are energised ; when the wing groups 
switches are set co REFUEL, the wing proportioner cells are 
activated to the refuel condition and the reversible NRV's in tanks 
5 and 6 are operated. 

(d) Individual cell bypass seleccion switches, I SE/NO IN 
USE are on panel FE on the port side of the fuselage and are set 
to NOT IN USE for any tank not required to be refuelled. 
Selection of NOT IN USE places that cell in BYPASS regardless 
of the setting of the proportioner switch on panel AT; the appro
priate magnetic indicator will show striped. 

(e ) Proportioner magnetic indicators are on rhe 2nd pilot's side 
panel AAJ (Mk. 1 a/c panel AF), they give the following 
indications: 

NORMAL 

BYPASS 

REFUEL 

14 Fuel contents gauges 

Black 

Striped 

Wh'ite (if tank is not full) 
Striped (tank full ) 

(a) Five fuel contents gauges are provided which give total contents 
indications of the three internal and the two long range groups. A 
further total contents gauge is situated on the navigator's panel ; 
this gauge does not include the bomb-bay and drop tank fuel. 

(b) A further contents gauge and a selector switch are situated on 
the aft sloping portion of the sliding panel. By appropriate switch 
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selection this indicator may be used to ascertain the contents of 
individual tanks or the aggregate contents of two or more adjacent 
tanks. 

(c) Adjacent to each drop tank/bomb-bay tank contents gauge j5 

~ a DEPRESS TO READ B/B TA K 00 ITENTS bunon, since ~ 
these gauges normally read drop tank contents. When Mod. 3583 
is embodied the switch function is reversed and the bomb-bay tank 
contents can be read direct. 

(d) Fuselage tanks low level waming 

(i) A magnetic indicator (400 GALS. FUS RESERVE 
WARNING) on the afr sloping portion of the centre sliding 
panel AT shows whi e when tbe contents of the fuselage tanks 
group have fallen to 3,080 lb. The indicator i operated by float 
switches in the Nos. 11 and 12 tanks, therefore che stared amount 
of fuel is available only when correct fuel proportioning has been 
mainta-ined. 

(ii) When Mod. 820 is embodied the indicater is deleted. 

15 Wing isolation cocks switches and magnetic indicators 

Each wing group has an isolation cock controlled by an OPE / 
CLOSE switch on panel AT. Adjacent to each switch is a flowline 
magnetic indicator. The cocks isolate the wing ranks from che 
engines. 

16 Wing refuelling cock mid indicator 

(a) An electrically-actuated crossfeed cock is provided to isolate the 
port and starboard wing groups, and is controlled by an OPEN/ 
CLOSE switch on panel AT. ormally the cock is only opened 
during refuelling and defuelling but can be used in the air in 
conjunction with the flight cros feed cock to use trapped fuel in the 
event of a wing isolation cock failing in the closed position. 

(b) A flowline magnetic indicator is adjacent to the switch. 
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17 Crossfeed cock and indicator 

(a) The flight crossfeed cock in the engine fuel gallery line is con
trolled by a CROSSFEED, OPEN/CUOSE switch. Normally the 
switch is left in the CLOSE position. A flowline rnagneric indicator 
is above che switch. 

• (b) When M od 3606 is embodied, the electrical supply to the 
cross-feed cock is derived from No. 1 LV bus-bar (feeder 3P7) 
ins ead of No. 2. Since the electrical supply for the wing refuelling 
cock is derived from No. 2 LV bus-bar, in the event of a single L v 
bus-bar failure, cross-feeding of fuel can be carried om by use of 
the appropriate cock. ~ 

18 LP cock controls 

LP FUEL COCKS, OPEN/CLOSE control switches enable the LP 

fuel cocks of Nos. 1 2, 3 and 4 engines to be actuated as desired. 

19 Fuel Oowmeter 

A fuel flow indicator controlled by a five-way switch on the co
pilot s side panel AD gives the fuel flow reading for any particular 
engine. A " Fuel Gone " meter is si tuated on rhe navigator's centre 
panel. 

20 Fuel tanks pressurisation controls 

(a) The controls are mounted on 1st pilot's panel AAF and com
prise of three FUEL VE T PRESSURE ISOLATION, 
NORMAL/ISOLATE switches three pressure gauges and a 
temperature gauge. 

(b) With the switche set to NORMAL all tank groups are 
pressurised when the engines are running. erring any switch ro 
ISOLATE causes that group to be depressurised. 

(c) The pressure gauges read O to 10 PSI and are marked in red 
at 5 PSI which pressure must not be exceeded. 

(d) The temperature gauge reads the temperature in the fuselage 
system gallery line and this must not be allowed to exceed 100°c. 

(e) A red warning light is on the pilots coaming panel and comes 
on if the pressure differen tial in any group fa lls below O · 14 PSI. 

Z1 Fuel filter de-icing system controls (Mk. 1 A onl:y) 

(a) The fuel filter in each engine supply line is de-iced by hot air 
rapped from that engine compressor and passed to a heat exchanger 
through which the fuel flows. The hot air from each engine enters 
the associated system through a solenoid-operated gate valve which 
may be manually or automatically controlled by four MAN /OFF/ 
AUTO switches, one for each engine, on 2nd pilo t's panel AF. 
A warning light for each gate valve indicates chat the gate value 
is open. 

(b) When MA is selected the gate valves are opened and the 
associated warning lights come on. When A TO is selected, the 
solenoids are actuated when both the fuel temperature drops to 

10°c and the pressure differential across the fi lter rises to 2{ PSI. 

The solenoid remains activated and the warning lights remain on 
until either fuel temperature rises above 25 °c or the pressure 
differential falls. 

(c) The electrical supply to the systems is from the 28-volt bu -
bars. 

Normal Management of the System 
22 General 

The main aims of fuel system management are to ensure an 
adequate and reliable supply of fuel to the engine under all opera
ting conditions, and at the same time, to control the proportion of 
fuel in each tank so that the aircraft CG posi tion remain reason
ably constant within the laid down lim its. With all fuel booster 
pumps in operation and all the proportioners selected ro NOR
MAL these requirements should be achieved automatically. 
However, in practice one of the wing groups may feed more slowly 
than the other. I t is also desirable to reduce the stresses on the 
airframe and therefore selective use of the wing and fuselage fuel 
tank groups must be made to achieve even loading and to control 
the ratio of wing/fuselage loads. 
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23 Selection between fuel tank groups 

(a) If a group propor tioner is selected co NORMAL and all the 
booster pumps in that group are not operating, fuel upply from 
chat group may be inadequate to supply engine requirements. In 
order to avoid engine malfunction due to fue l starvarion, propor
cioners and booster pump circuit breakers mus t be selected in the 
correct sequence a follows : 

(b) Changing to wing groups from fuselage group 

Wing tank booster pump circuit breakers 
Wing proportioner switches 
Fuselage proportioner switch 
Fuselage tank booster pump circuit breakers 

(c) Changing to fuselage group from wing groups 

Fuselage tank booster pump circuit breakers 
Fuselage proportioner switch 
Wing proportioner switches 
Wing tank booster pump circuit breakers 

(d) S electing forward bomb-bay tank 

F light crossfeed . 
Port LONG RA GE FUEL ISOLATION 

switch 
A & B bomb-bay tank switches . 

Closed (on) 
NORMAL 
BYPASS 
Tripped ( off) 

Closed (on) 
NORMAL 
BYPASS 
Tripped ( off) 

OPEN 

OPEN 
Both ON 

Use the reverse order to switch off the bomb-bay tank. 

2~- Fuel system co!ltrol 

(a) Eefore flight ensure that all I USE/NOT IN USE switches 
at Panel FE are selected IN USE for all serviceable fuel tanks. 
It is not considered safe to take-off with an unserviceable and 
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emp ty tank unless it fuel line to the proportioner is physically 
blanked off in addirion to selecting its proportioner cell to NOT 

USE at panel FE. 

(b) Before starting the eng ines carry ou t che checks of fuel conrrol 
indications in accordance wi th the aircraft check list. Open the 
LP cocks select the fuselage proportioner to NORMAL, switch 
on all fuselage boos ter pumps and check that all LP warning lights 
are out. 

(c) Before taxying switch on all wing group booster pumps and 
select both wing proportioners to ORMAL. Switch off the 
fuselage booster pumps but leave the fuselage proportioner selected 
to ORMAL 

(d) Take-off with all booster pumps on (except bomb-bay tanks) 
and all proponioners selected to NORMAL. 

~ (e) After take-off select the wing proportioners to BYPASS and 
the wing boos ter pumps OFF. • 

(/) When the fuselage group contents indicate 10,000 lb. select the 
wing groups on and the fuselage group off. The wing cross-feed 
cock may be opened as required to maintain balance of fuel contents 
but when either wing group indicates 5,000 lb. the cross-feed cock 
should be closed and should remain dosed for the rest of the flight. 

(g) When either wing group contents indicate 5 000 lb. selecr 
the wing proportioners to BYPASS, leaving the booster pumps on. 
Select the fuselage proportioner to ORMAL and tl1e fuselage 
booster pumps on. Switch off all the booster pumps i.n one wing 
group to prove that the fuselage proportioner is working properly; 
then switch rhe pumps on again. With these selections fuel should 
continue to be supplied from the wings rather than from the fuse
lage. Monitor the individual wing tank contents and, as each tank 
indicates empty the booster pump must be swit ched off within 30 
minutes. When the fuselage group gauge indicates that the fuselage 
tanks have started to feed , select the fuselage proportioner to 
BYPASS. 
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(h) The minimum fuel state recommended for final landing is 
8,000 lb. Regardless of fuel state it is recommended that during 
the final approach to land, roll or overshoot, the booster pumps of 
all wing and fuselage ranks containing fue l are witched on. The 
proportioners may be selected to ORMAL or BYPASS according 
to the fuel sta te but, in the event of any fuel low pressure light 
illuminating, all proportioners should be selected to BYPASS. On 
completion of an overshoot the fuel controls may be re-selected as 
required. 

25 Fuel control with bomb-bay tank operable 

~ (a) When a bomb-bay fuel tank is fitted and operable the wing 
and fuselage groups should be controlled as in para. 24 . In addi,rion, 
at 20 000 feet, select the CROSS-FEED cock OPE , switch both 
BOMB-BAY TANK switches to PUMPS ON, and the port 
LONG RANGE F EL ISOLATiiO cock OPE . When the 
bomb~bay tank contents fall to 700 lb. CLOSE the LO G 
RANGE FUEL ISOLATION cock, seleot the BOMB-BAY 
TA KS switches ro PU1v1PS OFF and CLOSE the CROS S-
FEED cock. ~ 

(b) 700 lb. of fuel must be held in reserve in the bomb-bay tank 
to prevent the possibility of the booster pumps dry-running for an 
excessive period, with an attendant fire hazard (the pumps must 
not be dry-run for more rhan 30 mins.). The possibility of pumps 
continuing to run after being switched off exists if a fuse in the 
L v supply to the booster pump blows when the pumps are nmning. 

(c) If a bomb-bay tank is fitted and its booster pumps operable, 
700 lb. fuel must be loaded in the tank regardless of the fact that 
the tank may not be used. 

26 Contents checks 

Systematic checks should be made of all tank contents every thirty 
minutes when cruising at 40,000 ft . or above, and more frequently 

when operating at lower levels. Check the individual tank contents 
fo r a given group and ensure that their total equals the amount 
indicated on the group contents scale. The individual tank content 
of a group not in use should be checked in case a booster pump 
has failed ro switch off. The various fue l rank readings should also 
be checked against the fuel calculator chart to ensure that the 
fuel is proportioning correctly. If the fuel is nor proportioning 
correcrly and an attempt is made to balance the fuel in a group 
of tanks by manipulation of the booster pumps, the associated 
proportioner should be swi tched to BYPASS as a precautionary 
measure and returned to NORMAL as soon as balancing is 
completed. 

27 Booster pump control 

(a) To avo·id the possibility of low pressure warning lights flickering 
or engines flaming out, the minimum number of usable booster 
pumps to be switched on is given below. 

I 

No . of pumps 10 avoid 

Group Suue Auiwde L.p. lighis Flam e-ou.1 

Fuselage Normal Climb 6 5 
Normal Dive 2 2 
Bypass Climb 5 4 
Bypass Dive 2 2 

Each wing Normal Climb 4 4 
Normal Dive 2 2 
Bypass Climb 3 3 
Bypass Dive 2 2 

NOT E 1 : The above figures are for flight at sea level at I 00% RPM wi t.h no 
fuel tank pressuri sation. 

NOTE 2 : Should del.ivery pressu re from the system drop suddenly due to 
uncovering of pumps. a full recuperator wi ll delay the onset of flame-out 
for periods between 10 and 60 seconds depending on altitude and RPM. 
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(b ) (i) If bus-bar failure occurs and paralleling action is not taken, 
the proponioners must be set t0 BYPASS since only four pumps 
will be available in any one rank group. Post-Mod. 2842 the 
circuit breakers controliing pumps supplied by the port bus-bar 
are identified with illuminated studs. 

(ii) If an MV bus-bar failure occurs, an immediate check of all 
fuel gauge readings must be carried out and logged. Reference 
to the table below will establish the amount of unusable fuel 
trapped within a group at the time of failure. This quantity 
remains constant for the remainder of the flight and must be 
subtracted from all subsequent group readings to establish the 
approximate amount of available fuel. 

Port MV failed Stbd MV failed 

Constam Constam 
Group coments Unusable fuel Unusable fuel 

at ,time of 
bus-bar failure Per Wing Fu selage T'e1· \f?i11g Fu selage 

----------
2,000 1,000 600 1,000 300 
4 000 2,000 1,200 2,000 700 
6,000 2,900 1,800 3,100 1,000 
8,000 3,800 2,400 4,200 1,300 

10,000 4,800 3,000 5,200 1,700 
12,000 5 700 3,600 6,300 2,000 
14,000 6,600 4,200 7,400 2,300 
16,000 7 600 4,800 8,400 2,700 
18,000 - 5,400 - 3,000 
20,000 - 6,000 - 3,300 
25,000 - 7,500 - 4,200 
30,000 - 9,000 - 5,000 

U11usable tanks 2, 3, 6 9, 10 1, 4, 5 8, l1 

(iii) Each special feeder supplies L v control power tO half the 
cells in each proportioner. Should a special feeder fail, opera
tion of the proportioner control will affect only three cells in 
each wing proportioner and four cells on the fuselage propor
tioner. The other cells will remain in the po ition selected at 
the time of the failure. 
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(c) Low fuel states 

Because tanks 8 and 9 tend co empty very quickly with the 
fuselage proportioner in BYPASS, if the flight is co be continued 
below a tOtal fuselage fuel state of 8,000 lb. the pumps in ranks 8 
and 9 must be switched off until the total fuel contents fall to 
7,000 lb. If possible under these conditions maximum RPM should 
be avoided by using only as much power as is necessary. Extreme 
attitudes and large accelerations should also be avoided. 

~ (d) (i) When flight is to be continued below a rota! fuel state of 
8,000 lb. and a bomb-bay fuel rank is fitted and operable, the 
normally unusable fuel remaining in the wing groups can be 
transferred to the bomb-bay tank and then delivered to the 
engrnes. 

(ii) When the fuse lage group begins to overfeed the wing groups, 
indicating that no more fuel can be obtained from the wing 
groups check that the fuselage group is feeding correctly and 
elect the fuselage proportioner tO BYPASS (para. 24(g)). 

(iii) Transfer the fuel remaining in the wing groups to the 
bomb-bay tank by making rhe following selections 

Wing isolation cocks . 
Refuelling cross-feed cock 
Long range isolation cocJC . 
Bomb-bay pumps switches . 
Wing booster pumps . 

CLOSED 
OPEN 
OPEN 
REFUEL 
0 

(iv) When the fuel has been transferred, it 1s delivered to ,the 
engines by making the following selections : 

Wing booster pumps . 
Refuelling cross-feed cock . 
Bomb-bay tank pumps 
Port wing isolation cock . 

OFF 
CLO ED 
() 

OPEN 
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(v) When the contents of th 
select : 

Bomb-bay pumps 
Long range isolation cock . 
Wing isola[ion cocks . 
Refuelling cross-feed cock . 

bomb-bay rank fall ro 100 lb. 

OFF 
CLOSED 
CLOSED 
CLOSED 

(v) Throughom these procedures the flight cross-feed cock must 
remain CLOSED and freguenc checks should be made to ensure 
rha r the low pressure warning lights remain out. ~ 

28 Management of the fuel tanks pressurisation system 

Before scarring the engines, and in accordance with the aircraft 
check list, check that the three rank pressure gauges indicate zero 
and that the tempera ture gauge reading is normal. Select che F EL 
VENT PRESS RE ISOLATION switches to NORMAL. Under 
certain conditions the red FUEL TA K LOW PRESSURE 
warning lamp on the pilot's coarning panel may be illuminated 
when the engines are sta tionary. After starting the engines check 
that this light is out, and that the tank pressure and temperatures 
are normal. In flight the three tank pressure gauge and the 
temperature gauge must be checked periodica lly. If the reading of 
any pressure gauge exceeds 5 PSI, the appropriate isolation switch 
should be switched to ISOLATE until the pressure reduces to 
below tl1is figure . If che fuselage venc temperature exceeds 100°C 
its isolation switch muse be set to ISOLATE until the temperature 
reduces below this figure . 

29 Management of the fuel filter de-icing system (Mk. IA 
aircraft) 

(a) Normally all four switches should be selected ro AUTO. How
ever if flying witil only six booster pumps in operation and tile 
fuel low pres ure warning lights come on and remain on after the 
proportioner has been set to BYPASS thus indicating possible 
icing conditions select tile de-icing switches to MAN for a 
period not exceeding three minutes and rerurn the switches to 

AUTO. This time limit i neces ary since tile systems are not 
protected by the temperature switches when selected to MAN. 

(b) The selection of MAN in the condition above is advantageou 
since the systems are brought in to operation earlier tilan under 
AUTO control and any possible filter icing is cleared and fuel 
pressure increased before possible flame-out occurs. 

(c) If, with the switche at AUTO, less than four warning lights 
come on, the systems associated with the lights which are not 
illuminated should be selecced to M.A . This is because it is un
likely that icing condit ions can occur at one filcer and not at 
another ; failure of a liaht to come on in tilese circumstances indi
cates possible fai lure within the automatic side of tha[ system. 

(d) MAN must never be selected for a period exceeding three 
minutes for the reason stated in (a) above. 

(e) It bas been found that at low fuel flow conditions e.g. during 
descem, the pre sure di fferential may be insufficient to operate the 
au tomatic switch of tile fuel fil ter de-icing system. If rhe sy tern 
has operated during a sortie it is to be selected to MAN for 
periods of up to 3 minu tes during the descent. 

30 Management of the ground refuelling system 

(a) Refueliing-internal tanks 
(i) Before refu lling internal tanks all booster pumps circuit 
breakers must be tripped, tile proportioner control switches set 
to ORMAL, the LP cocks closed and the fligh t cro s-feed cock 
closed. Ensure that the WING REFUELLING CROS FEED 
COCK switch is set to OPEN. Set the WI G ISOLATIO 
COCKS to CLOSED. 

(ii) During refuelling of tanks 5 and 6, port and starboard, the 
four 'RV indicators on panel AAJ (AF, Mk. 1) should show 
white. 

(ii i) Delivery to each tank automatica lly ceases when the tank 
is full. However, if tile tanks arc to be partially filled, they 
should first be filled and then defuelled until the correct amount 
remains. 
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(b) R efuelling-bomb-bay tanks 

(i) The bomb-bay tanks though refuelled through the wing 
tanks couplings, are independent of the wing tanks. Either bomb
bay tank may be isola ted by leaving the appropriate tank switch 
at PUMPS OFF, and dosing the long range iso lation cock. 

(ii) Before refuelling the bomb-bay ranks, ensure that all boos ter 
pumps circuit breaker are tripped, all LP cocks closed, 
TANKER MASTER switch ORMAL (Mk. 1 only) and the 
WING REF ELLING COCK magnetic indicator shows " in 
line". Set the WI G REFUELLING COCK to OPE . 

(ii i) The port and starboard wing LONG RANGE FUEL 
ISOLATION witches should be set to OPEN and their ind i
cators should then show " in line". 

~ (iv) The FWD or AFT B'OMB-BA Y TANKS pump switch ~ 
should then be set to REFUEL, as appropriate. The associated 
electrically-operated refuelling cocks should then be open indi
cated by the appropriate magnetic indicators on panel AAJ (AF, 
Mk 1) showing white. Fuel delivery may then commence. 

(c) When refuelling has been completed a indicated by the con
tents gauges and magnetic indicators reset the swi tches as follows: 

NORMAL/REFUEL switches. NORMAL 
WING REFUELLI G COCK 

magnetic ind icator 
PROPORTIONER swilche 

Cross-line. Switch to CLOSE 
ORMAL 

Malfunctioning of the System 

31 Asymmetric wing contents 

(a) Although it is possible to fly with one wing group full and the 
other one empty, the maximum permissible difference for landing 
is 8,000 lb and this should be considered the maximum practical 
asymmetry. If this difference is reached it will be necessary to 
balance fuel as follows : 
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(i) Select CROSS-FEED cock OPEN. 

(ii) Select the proportioner switch for the lighter wing group co 
BYPASS. 

(iii) Switch ofl the booster pumps in the lighter wing group. 
Check that the fuel LP WARNING lights remain out. 

(iv) Morutor the contents gauges and when fuel balancing is 
achieved switch on the booster pumps, select the proportioner 
switch to ORMAL and CLOSE the CROSS-FEED cock. 

( b) Except in cases of extreme asymmetry, do not cross-feed if 
either wing group contents indicate less than 5,000 lb . 

32 Booster pump Eailure 

(a) T anks 5P, 5S, 6P and 6S in the wing groups and the bomb-bay 
fuel tank each contain two fuel pumps. Post-Mod. 820 tanks 12P 
and 12S in the fuselage group also contain two fuel pumps and in 
addition, tanks 7P and 7S are interconnected. Thus single booster 
pump failures in any of these ranks will not affect fuel pro
portioning. 

(b) If a booster pump fails in any tank conta ining only one booster 
pump, the fuel proportioner will not ensure correct fuel delivery 
from chat rank regardless of whether fuel tank pre surisation is on 
or off. Depending on the particular rank affected, varying reduced 
rates of delivery can be expected as follows : -

Tank group 
Tank pump Percen1age reduct ion 

failed in delivery !'ale 

WING I 100% 
2 63% 
3 23 % 
4 26% 

FU ELAGE 7 61 % 
(Pre-Mod . 820) 

9 58% 
10 48% 
12 100% 

(Pre-Mod. 820) 
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Pract.ically, these figures may be regarded as a measure of 
non-available fuel · expressed as a percentage of the fuel remain
ing in the tank when the pump fails. In extreme cases, e.g. 
failure of a pump in a No. 1, 7 or 12 tank at an early stage in 
the flight, it may subsequently be neccs3ary to resort to fuel 
balancing to maintain the CG within limit . If fuel balancing 
becomes necessary it can be best done by leaving unused an 
appropriate amount of fuel, as shown by the CG calcularor in 
the No. 12 or No. 1 tanks. imilarly it may be necessary to 
leave fuel in a wi.ng tank in order to maintain symmetry. This 
will obviously increase the amount of non-available fuel, which 
muse nor be included in the reserve for landing. The provisions 
of paragraph 27 must also be borne in mind. 

(c) If it is necessary to fly with an unserviceable booster pump .in 
any tank containing only one booster pump, the tank must be filled 
to at least 50·% of its capacity and its proportioner cell selected to 
NOT IN USE at panel FE. Amend the fuel drill to maintain the 
CG' within limits. One unserviceable booster pump in a tank 
containing two pump will not affect the fuel drill. 

33 Proportioner failure 

(a) The complete failure of a proportioner will be indicated by the 
failure of the affected tank group to feed when its proportioner 
switch is at NORMAL and its booster pumps are on. However, 
fuel may still be supplied to the engines through the action of the 
engine-driven HP pumps drawing fuel from the other groups, 
provided their switches arc at BYPASS. Some loss in engine speed 
may be experienced however until a serviceable tank group is 
selected to feed the affected engines. 

(b) If a fuselage proportioner fails while it is in use, elect the 
wing groups on and proporcioners NORMAL. Decide by the fuel 
and CG calculators how the fuel should be extracted from individual 

fuselage tanks to maintain the correct CG. Then select the fuselage 
proportioners to BYPASS, ensure all fuselage booster pumps are 
on and select off the wing groups. Control the fuel flow from 
individual fuselage ranks as calculated, by selective use of the 
fuselage boosrer pumps. 

(c) If a wing proportioner fails while it is in use, selecr the fuselage 
group on and proportioner NORMAL. Decide by the fuel and CG 

calculators how the fuel should be extracted from the aff cted wing 
group individual tanks to maintain correct CG. Then select the 
failed proportioner's witch ro BYPASS, ensure all the booster 
pumps for that group are on, and select off the fuselage groups. 
Control the fuel flow from the individual tanks of the affected 
group as calculated, by selective use of that group's booster pumps. 

34 Engine failure 

If an engine fails, open the flight cross-feed cock, and allow the 
three remaining engines co feed from both sides. 

35 Fuel tank pressure failure 

In flight the three tank pressure gauges and the vent temperature 
gauge should be checked periodically. If the reading of any 
pressure gauge exceeds 5 PSI the appropriate isolation switch should 
be switched OFF or altitude must be reduced to return the pressure 
below this figure. If the fuselage vent temperature exceeds 100°c, 
it isolation switch must be set to OFF. 

36 Other failures 

Srores hang-up may necessitate deparcure from the normal manage
ment in which case CG position should be maintained by selective 
use of the fuel tanks in accordance with the fuel and CG calculators. 
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Part I 

Chapter 3- Flight Refuelling System (Receiver) 

List of Contents 

Description 
General 
Nitrogen purging system 

Controls and indicators 

Flight refuelling controls 
Nitrogen purge control and indicator . 
Probe ligh ts 

Description 

1 General 

Para. 

2 

3 
4 
5 

(a) A probe and drogue flight refuelling system is fitted. The system 
has its own controls and allows fuel to flow into the normal fuel 
system, whilst the aircraft engines are run on fuel delivered under 
pump pressure from the fuselage group. 

(b) Refuelling is controlled from the cockpit by the second pilot. 
Individual election of the following group is possible: 

Port and starboard wing tanks 

Fuselage tanks 

Forward and aft bomb-bay tanks 

Management of the system 
~ CG control and wing fuel asymme,ry . 

Tra nsfer procedure 

ormal procedures and handling 
Ini ria'l appPoach 
Final app roach . 
In contact . 
'Breaking con tac t . 
I ncorrect contact 

Para. 

6 

7 

8 

9 

10 
11 

12 

(c) The probe is positioned between the pilots' escape hatches aad 
extends forward so chat the pilot can comfortably sec the probe 
head whilst flying on to the drogue. The fuel delivery pipe runs 
through the starboard side of the crew comparunenr W1[il ir passes 
through the pressure bowl behind the navigator's cable. The pipe 
is then divided between the wing and fuselage refuelling lines. 

(d) A non-return valve is in each of these lines and a third 
NRV is in the probe line aft of the cabin to prevent fuel flowing 
back through the probe. 

2 Nitrogen purging system 

(a) This system is provided to empcy the refuelling line passing 
through the cabin after refuelling thereby minimising the fire risk. 
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(b) Two high pressure nitrogen bottles charged to 1 800 PSI 

provide the supply which is reduced to 10 PSI in the probe line. 
With the system in operation the nitrogen forces fuel from the 
probe line to No. 7 tank, port, via a float chamber. This float 
chamber is normally full during initial purging but as the fluid 
level falls towards the end of purgin~ a float switch operates to 

indicate that purging may be discontin.ued. M od. 3589 inrrodt!ces a 
pressure gauge to give an indication of system pressure. 

Controls and Indicators 

3 Flight refuelling controls 

(a) When refuelling tl1e proportioner switches of the groups ro be 
refuelled should be set to NORMAL and the NORlv1AL/REFUEL 
switches to REF EL. Magnc~ic indicarors on panel AAJ show 
white when the controls are set for refuelling. 

(b ) The bomb-bay tank is selected to the refuelling condition by 
setting its booster-pump control switch ro REFUEL. 

4 Nitrogen purge control and indicator 

The PROBE PURGE O /OFF switch is on panel AAJ and 
when set to ON, purging takes place. A magnetic indicator shows 
white when this is taking place. This indicator may rake up to 
one minute to tum white after purging has been selected. When 
purging i complete and the float switch in the float chamber 
between the probe and tank 7(P) operates, che indicator reverts to 

black. This is an indication to switch off the system. 

5 Probe lights 

Mod. 2690 introduces two lights tl'otmtcd on a fairing below and 
focussed on the probe. A double pole switch on panel AB can be 
used to select either light and the lighc intensity is controlled by a 
dimmer switch on panel AT. 

Management of the System 

6 CG control and wing fuel asymmetry 

(a) It has been assumed that pre-flight planning has ensured that 
the CG will remain within normal Jim'its throughout tl1e flight 
ii,cluding landing with stores and 10,000 lb. of fuel. It has also 
been assumed that the fuel quantities to be transferred in flight 
have been planned to conform with normal loading conditions. 
The flight plan must be examined co establish the following 
for reference in the evenc of action being necessary due to 

malfun tion : 

1 T he minimwn distance of the CG aft of the forward limit at 
any time during the flighc. To be recorded as CG margm 
forward. 

2 The minimum d'israncc of the CG fonvard oJ the normal 
aft limic at any time dur in3 fli.-,ht. T o ibe recorded as CG margin 
aft. 

(b) The failures allowed for in the drill will in some cases cause 
the CG to move outside the normal limits and/or asymmetrical 
fuel distribution to occur ; in the5e circumstances the following 
ex·ended limits are permiss·ble: 

Longirudi:nal CG-6 inches forwa rd ro 3 inches aft of present 
limits. 

2 Wing fuel asymmetry may be at a maximum in flight, but 
mmt be less than 8,000 lb fo r landing. 

~ When use is t~~ade 0f these extended litl"its , gentle manoeuvres only 
arc permitted, sp~ed IT'USL not exceed O · 85M and the auto-pilot 
must nor be used. 

(c) (i) The maximur:i rolling noment i:; 320,000 ft. lb. but, as this is 
achieved only when one wing group and its associated wing pod 
are foll of fuel and rhe opposite wing group and pod are empty, it 
is unlikely to occur. ~ 
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(ii) Selective use of fuel should be used co restore the CG to within 
normal limits as soon as possi.ble and to reduce wing fuel a ym
metry to less than 8 000 lb before landing. Adequate aileron 
control exists at maximum fuel asymmetry in flight and for 
landi.ng with asynunetry less than 8 000 lb. 

~ (d) To keep the CG within limits in certain cases of failure, when 
full rcfuell'ing is in tended starting with the minimum of 8,000 lb . 
of fuel in the fu elage group, the following restrictions apply: 

(i) Three-point tanker 
1 If No. 7 tank port or starboard fails to receive fuel, the 
to tal con tents o.f rhe re:naining fuselage tanks must not exceed 
1 ,500 lb. 
2 If any valve failure resulcs in the forward bomb bay tank 
failing to receive fuel, the to tal content of rhe fuselage tanks 
must not exceed 17,500 lb. orJ 'if the fuselage tanks are already 
full , the rear bomb bay tank contents must not exceed 8 400 lb. 

(ii) T wo-point tanker 
1 If No. 1 tank port or srarboard fails to receive fue l, the 
rear bomb bay tank contents must not exceed 5,500 lb. ; if 
both bomb bay tanks are ro be filled, the coral conten ts of the 
fuselage ranks must not exceed 21,000 lb. 
2 If N o. 7 tank port or starboard fails to receive fuel, the 
total contents of the remaining fuselage ranks must not exceed 
22 500 lb. and the ·contents of the rear bomb bay rank must 
not exceed 2,800 lb. ; if both 'bomb b ay tanks are to be filled, 
the total conten ts of the fuselage ranks must not exceed 
13,000 lb . 
3 If any failure results in the forward bomb bay rank fai ling 
to receive fuel, the rear bomb bay tank contents must not 
exceed 2 800 ltb. 

7 Transfer procedure 
(a ) General 
T he drills for refuelling and malfunctioning procedure are contained 
in the Fl i(7hc Reference Cards and muse be used at all times. These 

AP 4506A & C-PN Part I, Chap. 3-Flighc Refuelling System 

drills allow for any single failure case. If a double fa ilure occurs, 
refuelling may still be carried out but care is required. 

(b) Befor e contact 
(i) Before carrying out dry contacts, select the wing or fuselage 
groups a required, keeping the prO'be isolation cocks closed. 

(ii) Before carrying out wet contacts switch off che fuel tank 
pressurisation 15 minutes before contact, check and note the 
fuel gauge readings and che amount of fuel to be received, ensure 
that the fuselage group contents are not less chan 8,000 lb., fly 
on the fuselage group wich its proportioner at BYPASS and 
swirch off rhe wing groups. 

(ii i) Immediately before contact, select all groups that arc to 

receive fuel to REF EL and, in the case of the 2-point canker, 
when the bomb bay tanks are to be refuelled, select the long range 
isolation cocks open. The probe isola tion cocks must be closed 
to ensure that any air in the prdbe or the fuel line is passed to 
the fuselage tanks (fuselage and lbomb bay tanks in 3-point 
tanker) and not to rhe engines during the initial transfer of fuel. 
The wing isolation cocks must be closed 'before commencing 
refuelling to prevent h'igh fue l pressures reaching d1e engines and 
recuperarors . 

(iv) If the fuel rank pressur isation gauges indicate a pressure of 
2 · 75 to 5 PSI, refuelling may be carried out lbut the gauges muse 
be monicored continually during transfer and , if che pressure 
rises above 5 PSI, refuelling of the affected group or groups must 
be stopped. 

(c) In contact 
(i) After contact, the fuel gallery pre sure gauge will start to 
register. With the ranker main pump operating and ranks 
receiving, the pressure should 1be 20-45 PSI. The initial contact 
pressw-e, no tanks receiving, may be as high as 55 PSI with surge 
to 65 PSI. If the pressure remains below 30 PSI, rhere may be 
unservicea'bility in rhe ranker aircraft. For emergency transfer, 
canker main pump not operating, the pre sure wi ll !be approxi- ~ 
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4 mately 8 PSI fall ing even lower as fue l tra nsfer continues. In 
tn ese circurn. ranees an average refuelling contact rime is 20 to 

25 minutes. Once fuel is seen to be flowing to chc fuselage tanks 
(fuselage and bomb bay tanks in 3-poinc ranker) open the probe 
isolation cocks. 

( ii) Wh'ile fuel is being received, ensure thac the limits in 
para. 6(b) are n ot exceeded, particularly in cases of valve failure 
that result in tanks fai ling to receive fuel. 

(iii) To prevent high fuel pressures rupturing a fuel rank follow
ing the failure of two or more h'igh level float switches, tanks 
are no r to be fi lled completely and the maximum permissible 
group conrents are as foliO'\VS: 

Wing groups 
14,700 lb. each 

Fuselage group 
1 30,000 lb . when receiving up ro 5,000 lb. of fuel into che 

group. 
2 27,500 lb. when receiving 5,000-10,000 lb. into che group. 
3 25,000 lb. when r~ceiving 10,000-15,000 lb . into the group. 

If before contact, a tank is more than 400 lb. ou t of proport'ion, 
the appropriate maximum permissrble group contents must be 
decreased by rhe same amoun t. 

(iv) When filling bod1 bomb bay ranks together stop refuelling 
the first tank co reach 14,000 lb. (3-poinc tanker) or 7 000 lb . 
(2-point tanker) then, provided chat fuel flow ceases, allow the 
ocher rank to fill completely. If fuel flow to the first tank does 
not cease, stop refuelling rhe other tank at 4,000 J.b. (3-point 
canker) or 7,000 lb. (2-poinc tanker). If che forward tank fails 
to fi H, the rear tan:k contents must not exceed 8 400 lb. (3~point 
ranker) or 2,800 l'b. (2-poinr ranker). 

(v) If, at any time, the magnetic indicator of one proportioner 
cell in any fuel group .flickers or show steady striped, stop 
refuelli ng rhe appropria te group. lf a o. 5 or 6 tank, port or 

starboard, NRV indicator s•hows striped, carry out an emergency 
break (2-po·int tanker) or close the probe isolation cocks (3-po'int 
mnker). 

(vi) To stop refuelling, carry our an emergency break or close off 
sequentially each group receiving fuel starting wirh the fuselage 
group or close the probe isolation cocks. In rhe case of the 2-poin t 
ranker, when fuel is being received into the wing and bomb bay 
tanks together, the probe isola tion cocks must not be closed 
otherwise high surge pressures are produced in che fuel lines. 

(d) Af /er refuelling 
(i) When refuelling is complete, break conmcr, dose rhe probe 
isolation cocks, open the wing 'isolation cocks, ·operate the probe 
nitrogen purge system and then switch the fuel tank pressuris
ation on. 

(ii) Reven to the appropriate fuel handling procedure, transfer 
or transit. On a transit flight if the contents of the wing tanks 
are less than the max'imum permissible, transfer fuel from the 
bomb bay tanks to the wing ranks · che maximum permissible 
group contents mu t not be exceeded. 

(iii) In aH cases, if necessary, use fuel selectively to achieve wing 
symmetry and transfer fuel in ternally to satisfy wing rel ief 
requireme nts. 

N ormaJ Procedures and Handling 
8 Initial approach 

WARNING: When a red or green J'ght, or no lights are showing 
on the hose drum unit, contacts must not be attempted. Contacts 
are only permissible if amber light(s) are showing. If when in 
contact, a red light comes on or all lighrs go out contact must 
be broken immediately. 

(a) The recommended speed range is 250-290 knots and an init ial 
relative clos'ing speed of 2 to 3 knots (maximum of 5 knots) should 
be used approaching from below and dead a tern, keeping the signal 
lights in view at all times. ~ 
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~ (b) When wamng ro commence an approach, the receiver hould 
rbe positioned behind and co the starboard of the tanker in case 
[he hose becomes detached while being rrailed or wound in. 

9 Final approacb and contact 

(a) Make the final approach from dead astern and below the 
drogue, so that the pilot is looking along d1e line of me hose. Set 
power to maintain the correct closing speed and from about 40 feet 
adjust speed by visual judgment rather rhan by reference to the 
ASL Accurate and steady flying is required and over controlling 
must be avoided. To this end it is important that the seat is 
adjusted to a comfortable position so that the pilo[ does not have 
to lean forward to get an adequate view of the probe. When about 
5 to 10 feet short of rhe drogue a moderate buffer is felt, 
accompanied by a slight nose-up change of trim as the tail unit of 
the aircraft enters the tankers slipstream. At this po'int a small 
increase of power may be needed to maintain the closing speed. 
As the probe enters the drogue, mild buffeting is experienced, 
accompanied by considerable noise. 

(b) Once contact has been made and the prdbe is positively coupled 
to the drogue, fly the aircraft gradually up the line of [he hos·e 
until the refuelling position is reached; keep the curve of the hose 
concave to the receiver. A slight reduction of power is then needed 
to maintain the refuelling pos'irion. 

(c) The recommended refuelhng position is achieved when the 
forward edge of a 10 feet long ye11ow band on the hose is just 
entering the serving carriage of the HDU. Aft of th is band, the hose 
is marked with white stripes at 10 feet intervals and the 5 feet 
forward of the yellow band is marked with red and white stripes. 
Seven feet of tiie hose must be wound in before the tanker fuel 
valve opens. When the valve is open, the ranker lights change 
from amber to green and the fuel gallery pressure gauge on the 
co-pilot's instrument panel starts co indicate. Continue the approach 
until the yellow band 1s just visible, as this is the oprirnum position 
for aircraft control. 
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(d) Due to the line of trail of the hose it is difficult to see the 
markings unless they have been fresh ly painted. In this event, if 
rhe 'hose is wound in until approximately two-third of the drum 
unit is covered by the coiled hose, the correct refuelling position is 
reached. 

IO lo contact 
Once in contact, make small control movements to hold the correct 
station, dead astern of the ranker with the yellow hose marking 
showing and the signal lights visible and guard aga'inst any tendency 
to over-correct. Avoid carrying rhe ho e excessively downwards or 
sideway or probe damage may occur; carrying l'he hose higher 
than d1e normal line of tra il may induce a sharp nose-up change of 
trim. It is difficult to achieve a permanent intrim condition. 
Coarse rhrortle movement may be necessary to hold station but, 
normally, make small movemenrs only. With the throtde friction 
damper fully off, throttle movement is comfortable. 

11 Breaking contact 
(a) Normal procedure 

(i) To break contact, reduce power slightly and allow the aircraft 
to fall astern gradually. Hose unwinding should be controlled at 
a slow race by rhrotde movement. When the last seven feet of 
the hose is coming off the drum, the signal fights change to 
am'ber if the tanker valve has not already been closed. Aim to 
break contact with the drogue in its natural position so that it 
can be watched as it draws away. If contact is broken in any 
other position the drogue will oscillate over a wide area about 
its normal position. 
(i i) If contact is broken with the receiver aircraft riding high, it 
is pos ible char the drogue may strike the feel intake. To reduce 
this possibility and to avoid the danger of being struck by an 
oscillating drogue, when the last few feet of the hose are being 
unwound, clo e the throttles to the idling gate. This ensures a 
swift deceleration once contact has been broken, but provid'ing 
that it is not done too soon, should not cause rhe hose drum brake 
unit to operate. ~ 
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~ (b) Emergency procedure 

If a red light come en, or if all lights go out, or if it i necessary 
to break contact quickly for any orher reason, close rhe throttles 
fully and selecr air'brakes our to ensure chat rhe deceleration rate is 
sufficient for the hose to reach a speed of 5 ft. / sec. when its 'brake 
will be automatically applied, and contact will be broken. This 
method should only be used in emergency conditions or for training 
purposes as ir rbrows a heavy load on rhe ho e drum uni t. 

(c) Clearing the tanker 

When onract ·is b roken some fuel splash wil l occur. This causes no 
embarrassment to the pilots, ince it passes above the line of vision, 
striking the fuselage ac a point above the pilot's head. 

12 Incorrect contact 

(a) If the probe misses rhe drogue, do e the thrortles and withdraw 
co a safe distance along the approach path as the aircraft decelerates. 

(h) If the probe hits the outer rim of the drogue, the hose may wind 
in. If chis occurs withdraw behind and to starboard of the tanker 
while the hose is retrailed. 

(c) If the probe penetrates d1e canopy or spokes of the drogue, 
wirhdraw along the approach path to break contact with the drogue 
in the natural position. If necessary, wait for the hose to be retrailed. 

(d) If the probe appears to enter the drogue but fuel does not flow, 
a soft contact may have occurred due to the dos'ing speed being too 
low in rhe final stages of the approach · the hose may wind m. 
Withdraw and, if necessary, wait for the hose to be rerrailed. ~ 
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Chapter 3A- Two,point Tanker Installation Mk. (K) lA Aircraft 

List of Contents 

Description, controls and indicator 
Description 
Pi lot's switch panels . 
Tanker o era tor's conrrol panels . 
Pod air pressure valves 

Management of the Refuelling pods 
Prepara·~ion for contaot and trai ling hose 
During conucr and transfe rring fuel . 

Management of the aircraft fuel system 
Normal control in High t . 
'Control when transferring to a rece-iver 
Imernal trans'fer of fuel 
Comrol after comp'letion of al'I receiver transfers . 
Use of the wing refu elling cuck . 
Aircraft handling 

D ·ccription, controls and indicators 

l Description 

Para. 

1 
2 
3 
4 

5 
6 

7 
8 
9 

IO 
11 
12 

(a) The two-point tanker ins tallation on the Victor lA is com
prised of two Mk. 20B flight refuelling pods, one carried under 
each wing. Each pod is controlled from a separate control panel 
CI on the rear crew compartment starboard wall. 

(b) The pods, which each have a fuel capacity of approximately 
1 000 lb., are supplied with fuel cransferred from the bomb bay 
ranks and from the wing tank groups. The port wing group and 

Malfunctioning of the refuelling pods 
Failure of pod isola tion cocks to open . 
H yd rau lic fa ilu re (Hose stowed) . 
Hydrau lic fai lure (Hose sm :<amed) 
D rogue breaks off 
Receiver nozzle lodged in coup ling 
Hose fails to wind in . 
Hose je~tison (over clear area) 
Pod fuel jettison (Hose stowed) . 
F ailure of fuel to flow fo llowing a normal contact . 
F ailure of a h'igh level float switch 

Illustrations 
Fuel system 
Pilo t's controls 
Tanker operator's controls 

Para. 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Fig. 

2 
3 

forward bomb bay tank normally supply the port pod and the 
starboard wing group and aft bomb bay rank supply the starboard 
pod. 

(c) The flight refuelling pods are automatic in operation once 
certain settings and switch selections have been made by the panel 
operator. The control panels contain indicators and lamps to give 
visual evidence of the progress of the operation and warning of 
abnormal conditions necessitating special action. Such action may 
happen automatically or require further switch selection by the 
operator. 
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Fig. 2 Pilots' controls 

2 Pilot's switch panels 

(a) Above panel AW are two switch panels AWA and AWB. Each 
contains a WI G POD ISOLATION OOCK, AUT10-CIJ0SED
OPEN switch and and OPE -striped-SHUT magnetic indicator. 
Panel AW A con trols the fuel transfer to the port pod and A WB 
to the starboard pod. 

(b) The CLOSED~OPEN settings O·f ,the switch are self-explana
tory ; the AUTO setting controls, via float switches, the fuel kvel 
in the pod to maintain the pod between mid-level and full by 
automatically opening and closing the pod iso[a,rion cocks. There 
are two cocks, No. 1 and o. 2, for each pod. 

( c) T est switches 

On the forward face of Panel AJ are two lights, PORT o. l 
and STBD. No. 1, PRESS TO TEST No. 2. These are for 
checking the position of the pod isola tion cocks. When rhe o. 1 
cock of each pod is closed the light comes on. Pressing each light 
ind ividually causes the light to go our and then come on again 
provided tha t he associated No . 2 cock is closed. Failure of a light 
to come on when the pod isolation cock switch is set co CLOSED 
means tha t the appropria te cock has nor fully closed. 

3 Tanker operator control panels 

(a) On each pod control panel are che following controls 

(b) Switches 

(i) Master switch 

The MASTER CO -OFF) SWITCH controls all electrical 
circuits to the pod except those comrolled by the turbine over
speed switch. 

(ii) Fuel jettison switch 

The FUEL JETTISON O -'OFF controls the jettison valve in 
the pod. A guard on the switch must be rotated through 90° 
before the switch can be operated. 

(i ii) Wind/trail switch 

The WIND-TRAIL switch controls the winding or trail ing of 
the ho e. 

(iv) Emergency trail switch 

The EMERGE! CY TRAIL/OFF /HOSE RELEASE switch 
permits the hose to be ell.'tended to the full trail position from 
which it can be je,tti oned by selecting HOSE RELEASE. 
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(v) R efuelling lights switch 

The REFUEL L TS, DAY-NIGHT switch controls the choice 
of brightness of the signal lights in the pod. 

(vi) Emergency signal switch 

The EMERGENCY SIGNAL ON-OFF switch causes the red 
signal lights to come on irrespective of any other l ights which 
may be illuminated. 

( c) Fuel selection controls 

( i) Fuel selector switches 

Two fuel selector rorary switches, one reading in tens of 
hundreds and the other reading in hundreds are preset to the 
amount of fuel required to be transferred. Passage of fue l causes 
the switches to rorare anti-clockwise giving an indication of 
the amount still to be transferred. At the end of transfer the 
fuel selector valve automatically closes. However the left-hand 
switch has a MANUAL ON position and with the switch thus 
set an unrestricted amount of fuel may be transferred without 
preset limitation. 

(ii) Fuel totaliser 

A veeder counter is mounted above the selector switches giving 
a reading of F EL GONE in hundreds of pounds. 

(d ) M agnetic indicators 

(i) R efuelling indicator 

An arrow indication points either to ORMAL or RE
FUELLING. The REFUELLING indication is given whenever 
the pod isolation cocks are open. The ORMAL indication is 
given when the cocks are dosed. The indicator shows black 
when the aircraft power supplies are off and is independent 
of the master switch. 

(ii) Fuel level indicator 

The POD FUEL LEVEL indicator shows MlN or MAX 
according to the amount of fuel in the pod. The indicator shows 
black at intermediate conditions. 

(e) Warning lights 

(i) Warning lights are fitted to provide indication of HIGH 
FUEL PRESSURE (amber) HYDR POWER FAIL RE (red), 
HrOSE IN (white), BRAKE ON (blue) and TURBINE OVER
SPEED (red). Additionally the HOSE I light pulsates while 
the hose is being trailed or wound in. 

(ii) Three signal lights operate automatically once a refuelling 
operation has commenced. The red light comes on when the 
hose is being trailed or wound in, but not at full trail. The amber 
light comes on when the hose is at full trail (or full trail less 6 
feet). The green lights comes on when the receiver aircraft has 
engaged the drogue, the hose has wound in by six feet and 
tlte necessary components have functioned to permi.c passage of 
fuel. 

(f) Circui.l breakers 

Two PRESS T O RESET circuic breakers protect the normal (CBI) 
and emergency (CB2) circuits in the pod. 

4 Porl air pressure valves 
The PORT and STBD. PiOD PRESS VALVES, OPEN
CLOSE switches control the supply of air from the engine 
compressors rn pressurise the refuelling pods. Additionally an 
AIR TEMP. gauge i.s provided for each pod · the a ir temperature 
must not exceed 100° c in use. 

Management of refuelling pods 

5 Preparing for contact and trailing hose 
(a) Pilot set pod isolation cocks at AUTO. If non-feathering 
turbine blades are 6cced to the pod, speed must first be reduced 
to 200 knots and then increased to the appropriate refuelling speed. 
This is to overcome the hysteresis of this type of rurbine. 
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(b ) When he tanker operator has initiated vhe refuel.ling operation 
the hose will take approximately 20 seconds to trail · during this 
time faint jerking of the aircraft may be experienced and some 
shift in directional and lateral trim occurs. The HOSE I light 
flashes during hose unwinding. As the hose reaches the fully trailed 
position the amber light comes on. The emergency ignal light 
should be left ON until the ranker is ready for contact. Accurate 
trimming and smooth flying of the ranker is now essential to 
ensure the minimum delay in establishing a successful contact. 

6 During contact and transferring fuel 

(a) The contact is normally felt in the aircraft and some direcrional 
and lateral trim changes occur which should be corrected as gently as 
possible. Shortly afterwards, when rbe hose has wound in by about 
5 feet, the amber l ight goes out, the green refuel light comes on 
and fuel starts to flow . 

(b) Co-pilot 

When contact is made record tocal fuel in aircraft. 

(c) Operator 
During fuel transfer monitor rhe high pre sure fuel light. This 
may "flicker" in the initial rages of transfer the fault is probably 
caused by the receiver aircraft bur in the la ter stages the fault is 
usually within the pod. If the light remains on, press and hold 
for two seconds to cancel signal. Three attempts should be made, 
pressing for two seconds each time. If the light cannot be can
celled then the flight refuelling must be abandoned. During the 
fuel transfer check that it is registered on the Fuel Gone cow1ter, 
and that the Fuel Selector Switches are " ticking off" the required 
amount. Any hose movement during the transfer may be accom
panied by a " flash " of the HOSE IN light. 

(d) During multi-concact sorties, reset the fuel selector switches 
between engagement. The Fuel Gone counter totalises all fu el 
nansferred. The theoretical maximum amount of transferable fuel 
is 50 000 lb. 

(e) The pods should be topped up at the completion of each re
fuelling ; if the pod pre surisation i not switched off, the rate of 
flow to ci1e pod is reduced by about 60 '}'o . 

Management of the aircraft fuel system 

7 Normal control in flight 

(a) Take-off and climb with all proporcioners selected to 
NORMAL and all wing and fuselage booster pumps ON. 

(b) After take-off switch off the wing groups booster pumps. 

( c) When the fuselage group contents reduce to 13,000 lb. select 
wing group booster pumps ON, fuselage proportioner to BY PASS, 
and fuselage group booster pumps OFF except during tran fers. 

(d) When all transfer have been completed continue as per para. 10. 

8 Control when transferring to a receiver 

(a) When ready t0 transfer to a receiver select all proportioners to 
NORMAL and switch all wing and fuselage booster pumps ON. 

(b) Open the long range tanks isolation cocks, open the pod isola
tion cocks, check that the wing isolation cocks are open and wben 
the receiver is in contact switch on all bomb bay tank pumps. 

(c) If only one pod is in use the long range tank isolation cock on 
the other side should be kept closed. 

9 Internal transfer of fuel 

(a) When transferring fuel from wing groups to bomb bay tanks, 
fly on the fuselage group with its proportioner in BYPA,SS and 
control out-of-balance by selective switching of tanks 8 and 9 
booster pumps. 

(b) Set the appropriate wing group proportioner to NORMAL, 
pumps ON, long range tank isolation cocks OPEN, wing and 
pod isolation cocks CLOSED and open the bomb bay tank refuelling 
valves. 
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(c) At the end of transfer revert ro the appropriate method of fuel 
system control. 

(d) See also para. 1 l (a). 

10 Control after completion of all receiver transfers 

(a) When all receiver transfers have been completed, any fuel 
remaining in the pods and wings should be transferred to the 
bomb bay tanks when possible, pod fuel being transferred first. 
Whenever possible the contents of each bomb bay tank should be 
similar. 

(b) To transfer fuel from a pod to its associated bomb bay tank, 
close the appropriate long range tank isolation cock, open the 
pod isolation cocks, switch on the pressure air and open the bom'b 
bay rank refuelling valve. As soon as all fuel is transferred, close 
the pod isolation cocks and open the long range tank isolation cock. 

(c) To transfer fuel from a wing group w its associated bomb bay 
rank ensure the pod isolation cocks closed, close the wing isolation 
cock, switch on the wing group pumps and open the bomb bay 
tank refuelling valve. Ser the wing proportioner to BYPASS 
when a low fuel state is reached. 

(d) When all fuel is transferred switch on all bomb bay tank and 
fuselage booster pumps ; set the fuselage group proportioner to 
BYPASS. The bomb bay tanks should overfeed the fuselage system 
until empty. To assist this, switch off the fuselage tanks pressuris
ation until the bomb bay tanks are empty. 

(e) When the total fuel in the bomb bay and fuselage tanks is 
below 8,000 lb. an overshoot should not be anempted unless the 
fuselage conrents are above 5,000 lb. or each bomb bay tank 
contains a minimum of 2 500 lb. 

11 Use of the wing refuelling cock 

(a) If a wing isolation cock fails to open it may be bypassed by 
opening the wing refuelling cock. 

(b) To transfer fuel to ,the porr pod from the aft bomb bay tank 
or to tlie starboard pod from the forward bomb bay rank open 
the appropriate pod isola~ion cock and bomb bay tank refuelling 
valve, set both long range tank isolation cocks open and open the 
wing refuelling cock. Revert to normal control on completion of 
transfer. 

12 Aircraft handling 

(a) T a."Cying 

A careful watch must be kept for obstructions because the wing 
refuelling pods are 85 ft. apart and have a smaJJ ground clearance. 

( b) Take-off and landing 

(i) Care must be taken to keep the wings level during take-off 
and landing particularly in gusty cross-wind conditions because, 
with the mainwheels on the ground, application of approximately 
8° of bank causes the appropriate wing refuelling pod to touch 
the ground. 

(ii) After take-off at maximum AUW, when raising the flap 
below the limiting speed, slight pre-stall buffet may occur until 
speed is increased. 

(c) In flight 

(i) At all times, the pilot is to be kept informed of the progress 
of refuelling by the operator. 

('ii) As a hose is trailed, small directional and lateral trim 
changes occur and, before a contact is made, the ranker should 
be accurately trimmed at the flight refuelling speed. 

(iii) When ready for contact, the tanker must be flown as 
steadily as possible to create a stable platform for the benefit 
of the receiver. Abrupt control movements and coarse use of 
the throttle should be avoided. Particular care is required when 
handling the elevators since short period pitching oscillations 
can be induced causing the hose to oscillate. 
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(iv) When the receiver closes in, the tanker tends to roll away 
from che pod being used ; after contact speed tends to increase 
unless power is reduced by 1 to 2% RPM. 

(v) Power has to be reduced and the aircraft re-trimmed as 
fuel is transferred to me receiver co maintain the refuelling 
speed and level flight. 

l.\'lalfunctioning of the refuelling pods 

13 'Failure of pod isolation cocks to open 

If this occurs the only fuel available for transfer will be that 
already in the pod. Diagnosis of this condition can only be made 
by reference to the pod isolation cocks indicator or fuel contencs 
guages. Addirionally the REFUELLI G indication will nor be 
given. 

14 Hydraulic failure (Hose stowed) 

The hose must not be trailed if rhe HYDRA LIC POWER 
F AI'LURE warning light is on. 

15 Hydraulic failure (Hose trailed) 

(a) If failure occurs during contact, fuel stops flowing. The 
green light goes our, the emergency red, hydraulic failure and 
amber lights come on. (The Blue brake light comes on if the hose 
is no t at full trai l. ) 

(b) Artempt to wind in the hose normally. If the hose fails to wind 
in, select the master switch to OFF : depending upon the actual 
failure that has occurred the hose may wind in. A reduction of 
airspeed may be of assistance. 

(c) If the hose cannot be wound in, reselect the master switch 
to ON and jettison the hose when safe to do so. 

16 Drogue breaks oti 

(a) If his occurs the hose is quickly wound in (approx. 3 secs.). 

(b) Provided the reception coupling is retained the hose stows 
normally, rhe BRAKE ON light appearing on completion. Select 
all switches OFF. 

( c) If the complete drogue assembly breaks off or the hose parts, 
the hose will probably wind in before any action can be taken. 
Immediately the failure is apparenc select the Master Switch ro 
OFF. 

(d) Partial breakdown of the drogue may cause hose instability. 
Reduce speed prior to rewind in an attempt to stabilise ; when 
stabilisation occurs rewind the hose. If it remains unstable the hose 
must be jettisoned. 

l 7 Receiver probe lodged in coupling 

(a) Close the pod isolation cocks. Select fuel counters to "Zero " 
to minimise loss of fuel from the pod. 

(b) Check with Receiver aircraft whether : 

(i) Nozzle. 

(ii) ozzle and fuel tube is lodged m coupling causing hose 
gyrations. 

(c) In case (i) wind in hose normally. In case (ii) the hose must 
be jettisoned. 

18 Hose fails to wind in 

If the hose fails to wind in, increase airspeed to maximum then 
progressively reduce air peed with WIND selected . Rewind hould 
commence at 240 knots. The application of sideslip may be of 
as istance. 
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21 Failure of fuel to flow following a normal contact 

If the HYDRAULIC POWER FAILURE and BRAKE lights 
come on when the hose is trailed or being trailed, it cannot then 
be wound in and must be jeccisoned if possible before landing. 
Reduce speed to 230 knots. Ser the fuel selection swit ches to zero . 
Set the WIND/TRAIL switch to TRAlL and the emergency 
switch to EMERGENCY TRAIL. The BRAKE light cycles until 
the hose is full extended (amber light on) when it remains off. 
The hose may now be jettisoned by selecting HOSE RELEASE. 
After jettisoning select all panel switches ro off. 

20 Pod fuel jettison (Hose stowed) 

(a) Close the pod isolation cock , set the Master Switch on and 
operate the jetti on switch. When t he pod tank fuel indicator 
shows MIN. switch off the jettison and Master Switches. 

(b) If it is required to jettison aircrafc fuel , this can be done, with 
hose scowed, by repeating the cycle of (a) with the pod isolation 
cocks open. 

If, following an apparently normal contact and appearance of the 
green light, no fuel is transferred to the receiver-proceed 
as fo][ows: 

(a) Receiving aircraft checks all relevant switches. 

(b) Tanker checks all relevant witches. 

(c) The fault may have been a " oft " contact, therefore receiver 
withdraws and makes a further contact. 

(d) Tf fuel still fails to transfer, a fault in the pod is probable and 
no remedial action is possible. 

22 Fai lure of a high level float switch 

If the high level float switch fails, fuel streams from a vent about 
fifteen feet inboard of the pod at a rate of apprnximately 40 
0 allons/minute. The pattern of flow passes above the receiver and 
should cause no hazard if the receiver does not fly coo high above 
his normal station. 
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Part I 

Chapter 3B--Three~point Tanker Installation 

Mk. (K) 1 and Mk. (K) lA Aircraft 
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Description, controls and indicators 
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Pi lots' switch panels . 
Tank·er opera tor's pod control panels 
Tanker operator's HDU contro'l panel 

Normal procedures and handling 
T axying 
Take-off •and landing 
In fligh t 

Management of the aircraft fuel system 
Fuel loading 
Internal transfer of fuel 
B omb-bay tanks feed ing the engines 
Transferring to a receiver 
I3omb-b ay tank cont ents 
Fuel jettison 
Wing isolation cocks . 

G and wing relief lim its 

Descl"iption, Controls a11d Indicators 

1 Description 

Pam. 
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15 

(a) The three-poinc tanker installation is comprised of two wing
mounted Mk. 20B flight refuelling pods and a Mk. 17 hose drum 

Fuel h andling procedure 
Tran sit llights 
Tanker refuelling 

Malfunctioning of the pods and HDU 
Failure of pod iso lation cocks to open . 
P od hydraulic failure s 
F ailure of a pod high level float switch 
Failure of fuel to flow following a normal contact 
Drogue failures . 
Receiver probe lodged in coupling 
Hose fail s to wind in 
H ose jettison 
Landing wi l'h a hose trailed 

Illustrations 
Fuel system 
Pilo ts' panel AT 

Tanker operator's pod controls 
Tanker operator's HDU controls 

Para. 

16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 

Fig. 

l 
2 
3 
4 

unit (HD ) carried in the bomb-bay. Each pod and the HD are 
controlled from panel CI on the rear crew compartment starboard 
wall. The fuel system is controlled by the pilots. Both (K) I and 
(K) IA aircraft are fitted with the Sapphire 207 engines bur (K) 1 
aircraft do not have top temperature control. 
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(b) The pods each have a capacity of approximately 1,000 lb. of 
fuel. ormally each pod is supplied by the bomb-bay tanks bur it 
is possible to supply either or both pods from any uitable combi
nation of tank groups by appropriate switching. 

(c)(i) The HD is supplied with fuel from che bomb-bay tanks. The 
HDU fuel pump is driven by an air turbine fed from the hot air 
supply to the tail anti-icing jet pumps. 

(ii) The HD hydraulic supplies, for raising and lowering the 
unit, and for brake applications, are obtained from the old bomb
bay doors pipelines, since bomb doors are not fitted. 

(d) (i) Each bomb-bay tank contains five booster pumps. Two 
refuelling valves in each tank permit fuel to be transferred from 
any combination of wing/fuselage groups. 

(ii) The electrical supply to the booster pumps in the bomb-bay 
tanks is arranged so that single bus-bar failure docs not affect all 
pumps in one rank. Three pumps in the forward tank and two 
in the aft are supplied by the port MV bus-bar, the remainder 
being served by the starboard MV bus-bar. 

(e) The pods and HD are automatic in operation once certain 
settings have been made by the panel operator. The panel contain 
indicators and lights co give visual evidence of the progres of the 
refuelling operation and warning of abnormal condition necessitat
ing special action. Such action may happen automatically or require 
further switch selections by the operator. 

(/) A periscope is mounted between the two navigators for rearward 
and downward viewing of the receiver contacting the hose. 

2 Pilots' switch panel 

(a) Panel AT 

(i) Panel AT for both the Mk. 1 and Mk. 1 A aircraft has been 
similarly revised co cater for the additional switches required as 
follows: 

,oo 

'"(}j' 
U/ " IN(; 

TAl"li'. 
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Fig. 2 Pilots' panel AT 
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1 Two B/BAY TRANSFER COCK, CLOSE/OPEN 
switches each with an adjacent magnetic indicator which gives 
an in-line indication when its associated cock is open. Circuit 
breakers are on board AJ. Either cock controls the flow of 
fuel from the bomb-bay tanks to rbe Mk. 20B pods and/or to 
the engines. ormally both cocks should be operated. 

2 Two POD ISOLN COCK, AUTO/CLOSE/OPEN 
switches each with an adjacent magnetic indicator which gives 
an in-line indication when the two isolation cocks for the 
associated pod are open. The AUTO (normal) setting of the 
switche controls, via float switches, the pod fuel level to 

maintain it between mid-level and full by automatically open
ing and closing the cocks as necessary. Circuit breaker are on 
board AJ. 
3 One FUSE TRANSFER OPEN/CLO E switch with an 
adjacent magnetic indicator which gives an in-line indication 
when the transfer cock is open. A circuit breaker is on board 
AJ and electrical upply is from the starboard MV bus-bar. 
The cock controls the flow of fuel from the fuselage group to 
the bomb-bay tanks or to the Mk. 20B pods. 

(ii) The following changes have been made to existing switches: 

l The fuselage proportioner NORMAL/BYPASS and 
NORMAL/REFUEL witches have been repositioned side
by-side. 
2 The bomb-bay tanks P MPS ON/OFF/REFUEL 
switches have been replaced by NORMAL/REFUEL and 
PUMPS O /PUMPS OFF switches. E ach PUMPS switch 
controls all five pumps in its associate¢ tank. Electrical supplies 
to the REFUEL switches are from the starboard MV bus-bar. 
3 The bomb-bay tanks/drop tanks contents gauge switches 
have been re-annotated FWD (AFT) B'BAY · TANK/ 
U'WING TANK. 

(b) T est. switches 
On the forward face of Panel AJ are rwo lights, BORT No. l and 
STBD. No. 1, PRESS TO TEST No. 2. These are for checking 

the position of the pod isolation cocks. When the o. 1 cock of 
each pod is closed Lhe light comes on. Pressing each light individu
ally causes the light to go out and then come on again provided 
that the a sociated o. 2 cock is closed. Failure of a light to come 
on when the pod isolation cock switch is set to CLOSED means 
that the appropriate cock has not fully closed. 

(c) Fuel jettison switch (post-Mods. 3997 and 3998) 

A caged BOMB BAY TANKS FUEL JETTISO VALVE 
switch on panel AC when set to JETTISO enables fuel to be 
pumped out of the bomb-bay tanks via the HOU fairino-, at the rate 
of approximately 4,000 lb/min. 

3 Tanker operator's pod control panels 

(a) On each pod control panel are the following controls : 

(b) S witches 
(i) Master swiich 

The MASTER (ON/OFF) SWITCH controls all electrical 
circuits to the pod except those controlled by the turbine over-
peed witch . 

(ii) Fuel jettison switch 

The FUEL JETTISON, 0 j ,OFF controls the jettison valve 
in the pod. A guard on the switch must be rota ted through 90° 
before the switch can be operated. 

(iii) Wind/ trail switch 

The WIND /TRAIL wi tch controls the winding or trailing of 
the hose. 

(iv) Em ergency trail switch 

The EMERGE CY TRAIL/OFF /HOSE RELEASE witch 
permits the hose to be extended to the full trail position from 
which it can be jettisoned by selecting HOSE RELEASE. 

(v) Refu elling lights switch 

The REFUEL LTS, DAY/NIGHT switch controls the choice 
of brightness of the signal lights in the pod. 
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(vi) Em ergency signal switch 

The EMERGENCY SIG AL, ON/OFF switch causes the red 
signal lights to come on irrespective of any other lights which 
may be illuminated. 

(c) Fuel selection controls 

(i) Fuel selector switches 

Two fuel selector rotary switches, one reading in tens of hundreds 
and the other reading in hundreds are preset to the amount of 
fuel required to be transferred. Passage of fuel causes the 
switches to rotate anti-clockwise giving an indication of the 
amount still to be transferred. At the end of transfer the fuel 
selector valve automatically close . However, the left-hand switch 
has a MA UAL O position and with the switch thus set an 
unrestricted amount of fuel may be transferred without preset 
limitation. 

(ii) Fuel totaliser 

A veeder counter is mounted above the selector switches giving 
a reading of FUEL GO E in hundreds of pounds. 

(d) M agnetic indicators 

(i) R efuelling indicator 

An arrow indication points either to ORMAL or RE
FUELLI G. The REFUELLING indication is given whenever 
the pod isolation cocks are open. The ORMAL indication is 
given when the cocks are closed. The indicator shows black when 
the aircraft power supplies are off and is independent of the 
master switch. 

(ii) Fuel level indicator 

The P,OD FUEL LEVEL indicator shows MIN or MAX 
according to the amount of fuel in the pod. The indicator show 
black ac intermediate conditions. 

(e) W arning lights 

(i) Warning lights are fitted to provide indication of HIGH 
FUEL PRESSURE (amber) HYDR POWER FALLURE (red). 

HOSE I (white), BRAKE ON (blue) and TURBINE OVER
SPEED (red). Additionally the HOSE IN light pulsates while 
the hose is being tra iled or wound in. 

(ii) Three signal lights operate automatically once a refuelling 
operation bas commenced. The red light comes on when the 
hose is being trailed or wound in, bur not at full trail. The amber 
light come on when the hose is at full trail. The green light 
comes on when the receiver aircraft has engaged the drogue, the 
hose has wound in by six feet and the necessary components have 
functioned to permit passage of fuel. 

(/) Circuit breakers 

Two PRESS TO RESET circuit breakers protect t11e normal 
(CBI) and emergency (CB2) circuits in the pod. 

(g) Pod air pressure 1)(1/ves 

The PORT and STBD. BOD PRESS VALVES, OPEN/CLOSE 
switches control the supply of air from the engine compressors to 
pre suri e the refuelling pods. Additionally an AIR TEMP. gauge 
is provided for each pod· the air temperature must not exceed 100°c 
rn use. 

4 Tanker operator's I IOU control panel 

(a) The HDU control panel at the bottom of panel CI has the 
following controls. 

( b) Switches 

(i) Master switch 
The MASTER, ON/OFF switch controls the turbine pump and 
the hose circuits. 

(ii) R etraction switch and indicator 

The RETRACTIO , P /DOWN switch controls the ra1smg 
and lowering of the HDU. Above rhe switch is a RETRACT 
I Dicacor which shows: 
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(iii) Wind/Trail switch and light 
The WIND /TRAIL switch controls the hose to be trailed or 
wound in. Above the switch is a HOSE I white warning light 
which comes on when the hose is ful ly srowed. 

(iv) Brahe switch and light 
The BRAKE, OFF/BRAKE & RESET switch can be used to 
apply the HOU brake if necessary or to reset the brake to off if it 
has been applied by rhe overspeed control unit. The blue warning 
light comes on when the brake is applied. 

(v) Fuel pump switch and warning light. 
The FUEL PUMP, AUTO/OFF switch controls the air turbine 
driven delivery pump. With the switch at AUTO the pump 
runs when the receiver is in contact, provided that 6 feet of hose 
has wound in and the fuel valve switch is set to AUTO. Above 
the pump switch is a blue warning light which comes on when the 
pump is not running. The fuel pump is automatically switched 
off if fuel pressure exceeds 75 PSI. 

(vi) Fuel valve switch 
The F EL VALVE, A TO/SHUT/OPEN switch controls the 
valve in the fuel delivery line. Wirl1 the switch at A TO the 
valve opens after the receiver is in contact and about 6 feet of 
hose is wound in. 

(vii) Emergency circuit selector 

The EMERGENCY OCT SELECT ON/OFF switch enables 
the next circuit to be selected if this docs not occur automatically. 

(viii ) Hose jettison switch 
The EMERGY TRAIL/OFF /HOSE RELEASE when set to 
EMERGY TRAIL cau:es the hose to trail fully, from which 
position it may be jettisoned by selecting HOSE RELEASE . 

(ix) Emergency retraction switch 

The EMERGY RETRACTION, P /NORM/DOW switch 
enables the HD to be operated UP or DOWN if the normal 
circuit fails . 

(c) Indicators 

(i) Circuit selection indicator 
A seven-position CIRCUIT SELECTED indicator shows the 
fo!Jowing indications according to the progress of the operation: 
TRAIL, GEAR H (high), REFUEL, GEAR L (low) WIND 
PRE-STOW, STOWED. 

(ii) Footage indicator 
The FOOT AGE IND, marked in FEET from 120 clockwise to 
F LL TRAIL indicates the amount of hose wound on the drum. 

(iii ) Fuel gone indicator 
The FUEL GONE, lb X 100, veeder counter indicates the 
total amount of fuel passed to the receiver. A knurled wheel is 
provided to reset the coun ters to zero. 

(iv) Fuel pressure indicator 
The FUEL PRESSURE indicator shows tlle fuel pressure in PSI 

at the venruri throat. 

( v) Hose tension indicator 

The HOSE TE SION indicator shows the current in amps 
being consumed by the torque drive to the hose drum. It is 
calibrared 0, 100, 200 with a red mark at the 150 amp position. 
This position indicates the maximum torque to be applied to the 
mocor. With the hose trailed the reading is nonnally 120 amps. 
A lower (50-60 amps) reading is indicated when the hose is being 
rrailed . Hose rension is controlled automatically. 

(if) Lighting 
(i) Floodlight control 
The floodlight OFF /I CREASE/MAX rheostar switch alrhough 
on the IIDU control panel is to control the brilliance of the under
wmg floodlights. 
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(ii) HDU floodlights 

The BOMB BAY LIGHTS, ON/OFF switch controls the two 
floodlighrs on the HDU fairing which illumina te rhe hose drum 
and serving unit. 

(iii) Signal light s 

A row of coloured lights, two red, two amber and two green, on 
the HDU arc used for signalling to the Receiver aircraft. The 
duplication is simply a safeguard against failure. The red lighrs 
warn rhe Receiver not to attempt contact or to break away if in 
contact. They are controlled by an EMERGY SIGNAL 
AUTO/STAND-OFF switch. When set to A TO the red ligh ts 
go out at full trail and the amber lights come on to indicate that 
the aircraft is ready for contact to be made. When the fuel valve 
is open, the lights change from amber to green. The green lights 
then remain on all the time tha t the fuel valve is open. he 
ST AND_jOFF position switches on the red lights irrespec tive of 
the progres of the operarion. The three pairs of signal lights 
each have a REF ELLING LIGHTS repeater on the Tanker 
panel, and thei r intensity is controlled by a DAY/ IGHT 
REFUEL LIGHTS switch. 

(iv) At the top of Panel CI is a TAIL NAV LIGHT, OFF/ON 
switch by means of which the tail navigation light may be 
switched off when necessary. 

(e) Circuit breakers 

. ORMAL SUPPLY and EMERGENCY SUPPLY circuit 
breakers control the 28v supplies and are on Panel BB. 

Normal Procedul'es an<l Handling 

5 Taxying 

A carefol watch mu t be kept for obstructions as the wing pods are 
85 feet apart and have a small ground clearance. 

6 Take-ofi and landing 

(a) Care must be taken to keep the win;;s level during take-off and 
landing, particularly in gusty cross-\,fod conditions ; with the main 
wheels close to the ground, approxin'ate ly 10° of bank can cause 
the appropriate wing pod to touch the ground. 

(b) When raising the flaps, after take-off at maximum AUW, slight 
pre-stall buffet may occur in turbulence until speed is increased 
above 200 knots. Under these conditions, turns and abrupt nose-up 
changes of attitude are co be avoided. 

7 In flight 

(a) Preparing for contact and trailing the hose 

(i) The operator should carry out the pre-contact checks 
contai11ed in the Operators Check List and keep the pi lot informed 
of the progress of all in-flight refuelling operations. 

(ii ) Before a wing hose is rrailed, when non-feathering turbine 
blades are fitted to the pod, speed must be reduced to 200 knots 
and then increa ed to the flight refuelling speed to overcome the 
hysteresi of this type of turbine. 

(iii) After the initiation of a refuelling operation, a wing hose 
will cake approximately 20 seconds, and the centre hose 32 
seconds, to reach the trail position. When a wing hose is trailed, 
small directional and la teral trim changes occur; trailing the 
centre hose has little noticeable effect on the aircraft. Before a 
receiver makes contact, the tanker hou ld be accurately trimmed 
at the flight refuelling speed. The optimum speed range for flight 
refuelling is 250-270 knots. 

(iv) When ready for contact, the tanker must be flown as steadily 
as possible co create a stable platform for the benefi t of the 
receiver. Abrupt control movement and coarse use of the throttle 
should be avoided. Particular care i required when handling 
che elevators since short period pitching oscillations can be 
induced, so causing the hose ro oscilla te. 
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(b) Approach and contact 

(i) When a receiver approaches and contacts a wing hose, the 
tanker tends to roll away from the hose in use. When a receiver 
approaches and contacts the centre hose, the tanker experiences a 
nose-down change of trim which must be counteracted by very 
careful, progressive use of the elevators. In both cases, che speed 
of the tanker increases slightly and power should be reduced 
by 1 to 3 o/n RPM to maintain the refuelling speed afrer contact is 
established. 

(ii) As fuel is transferred to the receiver, power should be 
reduced to maintain level flight and the refuelling speed. 

(iii) To reduce the effects of cold soaking, the hose should be 
wound in and the HDU raised as soon as the transfer of fue l to a 
receiver is complete and the pod master switches should be 
selected ON for 5 minutes in every half hour. 

Management of the Aircraft Fuel System 

8 Fuel loading 

(a) Tran sf er (fights 
(i) Load the amount of fuel to be transferred into the bomb-bay 
tanks. If this exceeds the capacity of the bomb-bay tank , they 
should be filled. 

(ii) Load 16,000 lb. of fuel into the fuselage tanks. 

(iii ) Load the remaining fuel required into the wing tanks. When 
the wing ranks are full, load any further fuel required into the 
fuselage tanks up to t he maximum AUW of the aircraft. 

(iv) Fill the pods from the wing ranks. 

(b) Transit ff.ights 
(i) Fill the wing and fuselage ranks as required. 

(ii) When the wing and fuselage tanks are full, load any further 
fuel required i.nto the bomb-bay tanks up to the maximum AUW 

of the aircraft. 

(iii) Fill the pods from the wing ranks. 

(c) Wing relief limitations 

Tbe total contents of the fuselage and bomb-bay tanks must not 
exceed: 

( i) 44,000 lb. when the wing ranks are empty. 

(ii) 52,000 lb. when the wing tanks are half foll . 

9 Internal transfer of fuel 

(a) Wing tanks to bomb-bay tanks 

To transfer fuel from the wing tanks to the bomb-bay tanks select: 
(i) All wing and fuselage pumps ON. 
(ii) All proportioners NORMAL. 

(iii) Long range isolation cocks OPEN. 

(iv) Pod isolation cocks CLOSED. 

(v) Bomb-bay tanks refuelling switches REF EL. 
(vi) Appropriate bomb-bay tank refuelling switch NORMAL or 
REFUEL as required to maintain equal amounts of fuel in the 
two bomb-bay ranks. 

(vii) Fuselage proportioner BYPASS and wing isolation cocks 
CLOSED when the wing contents fall to 5,000 lb. each. 

(viii) Pumps in ranks 8 and 9 ON or OFF as required to control 
any out of balance condi tion. 

(ix) Wing proportioncrs BYPASS when the wing contents fall 
to 2,000 lb. each. 

{x) Individual wing tank pumps OFF as the tanks empty. 

(xi) Wing isolation cocks OPE when a ll the wing ranks are 
empty. 

The long range isolation cocks must remain open when all the wing 
tanks are empty. 

(b) Wing pods to bomb-bay tanks 

To transfer fuel from the wing pods to the bomb-bay tanks select: 

(i) Wing and fuselage pumps and proportioners as required. 
(ii) Long range isolation cocks CIJOSED. 
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(iii) Pod isolation cocks OPEN. 
(iv) Bomb-bay refuelling switches REFUEL. 
(v) Pod pressure valves OPEN. 
(vi) Pod isolation cocks and pressure valves CLOSED when the 
pod fuel level indicator shows MIN. 

After transferring pod fuel to the bomb-bay tanks, a small amount 
of fuel must be transferred from the wing tanks to the bomb-bay 
tanks to purge the fuel lines of air. 

(c) Wing tanks to wing pods 

To transfer fuel from the wing tanks to the wing pods select: 
(i) Wing and fuselage pumps ON and proportioners ORMAL. 
(ii) Long range isolation cocks OPEN. 
(iii ) Pod isolation cocks AUTO. 

(d ) Bomb-bay tanks to wing pods 

To transfer bomb-bay fuel to rhe wing pods select: 
(i) Wing and fusela3e pumps and proportioners as required. 
(ii) Long range isolation cock CLOSED. 
(iii) Bomb-bay tanks transfer cocks OPE 
(iv) Pod isolation cocks AUTO. 
(v) Bomb-bay rank pumps O . 

(e) Bomb-bay tank to bomb-bay tank 

T o transfer fuel from one bomb-bay tank to the other select: 
(i) Wing and fuselage pumps and proportioners as required. 
(ii) Long range isolation cocks CLOSED. 
(iii) Bomb-bay ranks transfer cocks OPEN. 
(iv) Refuelling switch of bomb-bay tank to receive fuel 
REFUEL. 
(v) Pump switch of the other bomb-bay tank ON. 

(f) Fuselage tanks to bomb-bay tanks 

T o tramfer fuel from fuselage ranks to bomb-bay ranks select: 
(i) Wing and fuselage pumps ON and proportioners NORMAL. 
(ii) Fuselage transfer cock OPEN. 
(iii) Bomb-bay tanks refuelling switches REFUEL. 

(iv) Appropriate bomb-bay tank refuelling switch NORMAL or 
REFUEL as required to maintain equal amounts of fuel in the 
bomb-bay tanks. 

10 Bomb-bay tanks feeding the engines 
(a) To feed fuel from the bomb-bay tanks ro the engines select: 

(i) Fuselage pumps ON and proportioner NORMAL. 
(ii) Wing proportioners to BYPASS and pumps OFF. 
(iii) Long range iso'lation cocks OPEN. 
(iv) Bomb-bay ranks transfer cocks OPEN. 
(v) Bomb-bay tank pumps ON. 
(vi) Fuselage proportioner to BYPASS. 
(vii) Fuselage pump OFF. 

(b) When feeding fuel from the bomb-bay tank to the engines 
after the pod fuel and wing fuel has been transferred to the bomb
bay tanks, the fuselage pumps should be ON and the fuselage 
proportioner should be at BYPASS. 

11 Transferring to a receiver 
(a) Transfer from the HD 

To transfer fuel from the bomb-bay tanks to a receiver through che 
HDU elect: 

(i) Wing and fuselage pumps and proportioners as required. 
(ii) Long range isolation cocks as required. 
(iii) Bomb-bay tank pumps O when ready for contact, after 
trailing the hose. 

When transferring more than 25,000 lb. of fuel, as soon as fuel is 
flowing to the receiver, commence transferring wing fuel to the 
bomb-bay tanks (see para. 9(a)). If contact is broken during transfer, 
stop the internal transfer of fuel from the wing tanks to the bomb
bay tanks until contact is re-established. 

(b) Transfer from the wing pods 

To transfer fuel from the bomb-bay tanks to a receiver through the 
wing pods select : 

(i) Wing and fuselage pumps and proportioners as required . 
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(ii) Long range isolarion cocks CLOSED. 
(iii) Bomb-bay tanks transfer cocks OPEN. 
{iv) Pod isolation cocks AUTO. 
(v) Pod pressure valves OPEN. 
(vi) Bomb-bay cank pumps ON when ready for contact, after 
trailing the hose. 

If it is necessary ro transfer more than 25,000 lb. of fuel , wing tank 
fuel should be transferred to the bomb bay tanks between receiver 
transfers. 

12 Bomb-bay tank contents 
(a) The contents of the two bomb-bay tanks should nom1ally be 
kept equal but, when both tanks are delivering fuel at d1e same time, 
one tank feeds faster than me other, i.e. one tank still contains up 
to 3,000 lb. of fuel when the other tank becomes empty. 

(b) To keep me contents equal: 
(i) When transferring fuel from the bomb-bay tanks through the 
HDU, transfer fuel from the wing tanks to the appropriate bomb
bay tank. 
(ii) When feeding the engines from me bomb-bay tanks, switch 
the bomb-bay tank pumps selectively. 
(iii) Transfer fuel from one bomb ... bay tank to d1e other when 
transfer to a receiver is not being carried out. 

13 Fuel jettison 
(a) Via v.nng pods 

1(i) To jettison pod fuel only, select the pod isolation cock 
CLOSED, pod pressure valves OPE and the pod fuel jettison 
switches O . 
(i'i ) To jettison aircraft fuel, selec transfer co tbe pods as 
required, pod isola tion cocks AU TO, pod pressure valves OPEN 
and pod fuel jettison switches 0~ . 

~ (iii) When jetti oning from the wing groups fly on the fuselage 
group with ics proportioner at BYPASS. When jettisoning from 
the bomb bay canks, fly on Lhe wing or fuselage groups as 
required. After jettisoning is complete, revert to the appropriate 
normal fuel handling drilL 

(b) Via Mh. 17 HDU 

(i) In emergency, fuel may <be je ttisoned from the bomb bay 
tanks, or from the wing ranks by transfer to me bomb bay tan:ks, 
via the Mk. 17 HOU. 

(i i) J etrisoning may be carr ied om at all alri rudes at speeds up 
to 300 knots. 

(iii) As some fuel contamination of me rear fuselage may occur, 
the Green Satin and Mk. 6 altimeter must be switched off while 
fuel is being jett'isoned. 
(iv) To jettison fuel from the bomb bay tanks only, fly on the 
wings or fuselage groups as required, select the bomb bay rank 
pumps on and open the bomb bay tanks jettison valve. 
(v) To jettison fuel from die wing ranks, fly on the fuselage group 
with its proportioner at BYPASS, es tablish fuel transfer from 
the wing groups ro the bomb bay tanks and jettison fuel from 
the bomb bay tanks. Careful consideration is required before 
jettisoning wing fuel in an emergency that involves tbe failure of 
an MV busbar (see Chap ter 2, para. 27(b)). 
(vi) When the required amount of fuel has been jettisoned, revert 
to the appropriate fuel handling procedure ; jertisoning must be 
stopped before landing. 

(vii) If a landing has to be made wim rhe HDU down, the jettison 
pipe is likely to concact the runway. ~ 

14 Wing isolation cocks 
(a) The wing isolation cocks should normally be open at all times, 
except as in para. 9(a)(vii). 

(b) If a wing isolation cock fai'ls to open it may be bypassed by 
opening the wing refuelling cock. 

15 CG and wing relief limits 
If, at any time, the CG or wing relief limita tions should 
inadvertently be exceeded, internal transfer of fuel or selective 
switching of fuel pumps must be carried out to regain normal 
conditions. 
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16 Fuel handling procedure 
The fuel handling procedure is designed to keep as much fuel as 
possible in the wing tanks at all times and to reduce the total 
contents ·of the fuselage and bomb-bay tanks to a minimum before 
the remaining wing fuel is transferred to the bomb-bay tanks. 

(a) Transfer fiights 
(i) Start and taxy as normal. 
(ii) Take-off with all wing and fuselage booster pumps ON and 
all proporrioners NORMAL. 

(iii) After take-off: 
1 lf the fuselage tank contents have fallen to 14,000 lb., 
select the fuselage proportioner to BYPASS and the fuselage 
booster pumps OFF. 
2 If the fuselage tank contents are more than 14,000 lb. 
select the wing proportioners to BYPASS and the wing 
booster pumps OFF. 

(iv) When the fuselage tank contents fall to 14,000 lb. select the 
wing booster pumps O , wing proportioners NORMAL, 
fuselage proportioner BYPASS and the fu elage booster pumps 
OFF. 
(v) During tran fer to a receiver, .fly on the wing or fuselage 
groups as in (iii) or (iv), above. When either wing group contents 
fall to 5,000 lb. select the wing proportioners to BYPASS and 
leave the wing booster pumps ON. Select the fuselage propor
tioner to NORMAL and the fuselage booster pumps ON. 
Switch off all the booster pumps in one wing group to prove that 
the fuselage proportioner is working ; then switch the pumps on 
again. When the fuselage group starts to feed, select the fuselage 
proportioner to BYPASS. 

(vi) Whenever fuel is transferred from the win" tanks to the 
bomb-bay tank proceed as in para. 9(a). 

(vii) After all transfers to receivers are complete, where neces
sary, reduce the contents of each bomb-bay tank to 2,000 lb. 
and then reduce the contents of each wing group ro 5,000 lb. 

(viii) Transfer the pod fuel and then the wing rank fuel to the 
bomb-bay tanks. 

(ix) When the wing tanks are empty, leave the fuselage pumps 
ON and the proportioner BYPASS and, at the same time feed 
the bomb-bay tank fuel to the engines. Maintain balance by the 
selective switching of the pwnps in tanks 8 and 9. 

(x) If a flight has to be continued when the total contents of the 
fuselage and bomb-bay tanks are below 8,000 lb . maximum 
engine RPM extreme attitudes and large accelerations should be 
avoided ; an overshoot should not be carried out unless the 
fuselage tanks contain a total of at least 5,000 lb. of fuel or the 
bomb-bay tanks contain a total of at least 4 000 lb. 

(b) Failure to transfer 
If, during a flight when transfer to a receiver is planned, a failure 
to transfer all or part of the fuel occurs, conrinue the fuel handling 
from the appropriate point in para. 17 reducing the contents of the 
bomb-bay tanks, the fuselage tanks and finally rhe wing tanks 
before transferring the pod fuel and then the wing fuel to the bomb
bay tanks. 

17 Transit flights 
(a) Start and taxy as normal. 

(b) Take-off with all wing and fuselage booster pumps ON and all 
proporrioners ORMlAL. 

(c) After take-off select the wing proportioners to BYPASS and 
the wing booster pumps OFF. 

(cl) At 20 000 feet: 
(i) If the bomb-bay tanks rota] contents are 4,000 lb. or less, 
continue to fly on the fuselage tanks. 
(ii) If the bomb-bay tanks total content exceed 4,000 lb., feed 
the bomb-bay fuel to the engines . 

(e) When the bomb-bay tank conten ts fall to 2,000 lb. each select 
the fuselage booster pumps .Q , fuselage proportioner NORMAL 
and cease feeding the bomb-bay tank fuel to the engines. 
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(f) When the fuselage rank contents fall to 14,000 lb., select the 
wing booster pumps ON, wing proportioners NORMAL, fuselage 
proport ioner BYPASS and the fuselage booster pumps OFF. 

(g) When the wing group content fall to 5 000 lb. each select the 
fuselage tank booster pumps ON and transfer the pod fuel and 
then the wing rank fuel to the bomb-bay tanks. 

(h) Continue as in para. 16(a) (ix) and (x). 

18 Tanker refuelling 

(a) When the ranker is to be refuelled in fli ght, adjust the fuel tank 
contents so that the fuselage and bomb-bay tanks can receive the 
greater part of the fuel to be transferred. T his ensures that the 
wing relief lim'irations cannot be exceeded and rhat a high rate of 
fuel flow is achieved. During transfer, fly on the fuselage group. 

(b) After contact to reduce the possibility of pressure build up in 
the fuel Jines and to open the bomb-bay /fuselage NRV pass fuel 
to the wing, fuselage and bomb-bay ranks ; as soon as fuel is 
flowing, stop refuelling the wing tanks. 

(c) When filling a fuel tank group completely, stop refuell ing that 
particular group when : 

(i) Bomb-bay tanks 
The gauges show full. 

(ii) Fuselage group 
Two magnetic indicators show striped. 

(iii) Wing groups 
One magnetic indicator shows striped. 

Ma functionin~ of th,.· Pods and HDU 

NOTE: In it.his section only those procedu res necessitating action or con
sidera-tion by the pi lot 'are given. Other malfunc tions which rely entirely 
on Tanker Operator actions have been omitted. 

19 Failure of pod isolation cocks to open 

If this occurs the only fuel available for transfer will be that already 
in the pod. Diagnosis of this condition can only be made by 
reference to the pod isolation cocks indicator or fuel contents 
gauges . Additionally the REFUELLING indication is not given. 

20 Pod hydraulic failures 
(a) Hose stowed 

The hose must not be trailed if the pod HYDRAULIC POWER 
FAILURE warnincr l ight is on. 

(b) Hose trailed 

(i) If failure occurs during contact, fuel stops flowing. 
(i i) Attempt to wind in the hose normally. 
(ii i) If the hose cannot be wound in, it should be jettisoned when 
safe to do so. 

21 Failure of a pod high level float switch 
I£ the high level float switch in a pod fails, fuel streams from a vent 
about fifteen feet inboard of the pod at a rate of approximately 
40 gallons/minute. The pattern of flow passes above the receiver 
and should cau e no hazard if the receiver docs not fly above his 
normal station. 

22 Failure of fuel to flow following a normal contact 

If, following an apparently normal contact and appearance of the 
green 1light, no fuel is transferred to the receiver, proceed as 
follows : 

(a) Rece iving aircraft checks all relevant switches. 

(b) Tanker checks all relevant switches. 

(c) The fault may have been a "soft'' contact, therefore receiver 
withdraws and makes a further contact. 

(cl) If fuel still fails to tran fer , a fault in the pod or HDU is probable 
and no remedial action is possible. 
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23 Drogue failures 

(a) During transfer in turbulent conditions if a hose becomes 
unstable the receiver aircraft should withdraw. Both tanker and 
receiver should then adjust height to another level where turbulence 
is nor experienced and establish a fresh contact. 

( b) (i) In severe rurbulcnce there is a risk of loss of or damage to 

the drogue. 

(ii) If the drogue is lo t the hose quickly winds in. 

(iii) Partial breakdown of the drogue may cause hose instability. 
Reduce speed prior to rewind in an attempt to stabilise ; when 
stabilisation occurs rewind the hose. If ic remains unstable the 
hose muse be jettisoned. 

24 Receiver probe lodged in coupling 

(a) If the pod is in use close the isolation cocks and select fuel 
counters to " Zero " to minimi e loss of fuel from the pod. If the 
HDU is in use swirch OFF the master swirch and the bomb-bay 
rank pumps. 

(b) Check with receiver aircraft whether: 

(i) Nozzle, or 

(ii) Nozzle and fuel rube is lodged in coupling, causmg hose 
gyrations. 

(c) In case (i) wind in hose normally. In case (ii) the hose must be 
jettisoned. 

25 Hose fails to wind in 

If the hose fails to wind in increa e airspeed to maximum then 
progressively reduce airspeed with WIND selected . Rewind should 

commence at 240 knots. The application of sideslip may be of 
assistance. 

26 Hose jettison 

(a) If, because of electrical or hydraulic failure a hose cannot be 
wound in ir muse be jettisoned, if possible. before landing. 

(b) Before jettisoning the hose, speed should be reduced to 200 to 
230 knots depending on AUW. The operator then sekcts EMER
GENCY TRAIL, with repeated selections until panel indications 
show the hose co be at full trail. In the case of a Mk. 17 HDU hose, 
during trailing che EMERGENCY HYDRAULIC WARNING 
light on panel AZ indicates the aircraft hydraulic system is 
operati ng in the emergency condition. 

(c) With the hose at full trail, speed should be adjusted to 230 knots 
and then the operator instructed to select HOSE JETTISON. 

27 Landing with a hose trailed 

(i) If the aircraft has to be landed with a hose trailed, to ensure 
that the hose does not contact the undershoot area, a normal 
approach should be made to the instrument touchdown point 
approximately 300 yards in from the runway threshold. 

(ii) When landing with the centre hose trailed, co prevent the 
HDU striking the ground, the threshold speed should be increased 
by 5 knots. The hold-off must be kept to a minimum as a nose-up 
at titude is to be avoided and the touchdown should be as gentle 
as possible. On a short runway make an early touchdown, 
accepting the possibility of the hose contacting the undershoot 
area. 

(iii) The aircraft should be positioned so that the trailing hose 
is as near the centre of the runway as possible at touchdown. 
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Part I 

Chapter 4--Hydraulic System and Aircraft Controls 

Li.st of Contents 

Description 
General 
Hydraulic reservoir 
Accumulators 

Controls and Indicators 
Hydraulic pump controls-pre-Mod. 2866 . 
Hydraulic pump controls-post-Mod. 2866 . 
··mergency opei:ation of the system with the pumps at AUTO 

Protection units . 
Undercarriage control 
UndercJrriage emergency control 
Wheelbrakes control 
Nosewheel steering 
Airbrakes control 
Airbrakcs emergency control 
Braking parachute control . 
Main flaps control 
Main flaps emergency control 
Nose flaps control 

Desc1·iption 
l General 

Para 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

(a) Hydraulic power, supplied 
operates the following services: 

Undercarriage 
osewbeel steering 

Wheelbrakes 

by two electrically-driven pumps 

Airbrakes 

Main flaps 

Nose flaps (pre-Mod. 2352) 
Bomb-doors 

Bomh-bay doors con trol 
Bomb-bay doors emergency control 
Bomb release safety lock 

Management of the System 
Hydraulic pump management 
Approximate t'imes of operation for hydraulic services . 

Malfunctioning of the System 
Pump failure 
Overloading of pump mdtors 
Excessive cm-in race . 
Overheating of pump morors 
Loss df hydraulic fluid (float switch operation) 
H ydrau lic service fai'lure 

Illustration 
Hydraulic power st:pplics 

Para. 

18 
19 
20 

2,1 
22 

23 
24 
25 
26 
27 
28 

Fig. 

l 

(b) The hydraulic fluid is drawn from a tank, divided into two 
equal halves, each half of which feed one pwnp. The pressure 
output from each pump ( 4000 P I) is fed to two electrically
operated selectors, the normal master and the emergency master. 
With a serviceable system the normal master selector is open and 
supplies the individual circuits, each having its own selector. 
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(c) The emergency Master Selector is normally closed but is 
opened under emergency conditions and feeds pressure through 
pipelines independent of the normal system, to selectors for the 
emergency operation of 

Undercarriage 

Main flaps 

Airbrakes 

Bomb-doors 

DOWN 

DOWN 

CLOSED 

OPEN and CLOSE 

(d) The electrical arrangement of the Master Selector is such that 
when an emergency selection is originated the normal Master 
Selector doses and the emergency master open . If the Emergency 
Selection is due to an individual circuit fault the master selectors 
revert to their normal settings after the affected circuit has been 
operated, but if the emergency is due to loss of hydraulic fluid, all 
systems have to be operated on emergency. 

2 Hydraulic reservoir 

(a) The hydraulic tank is at the rear of the nosewheel bay toged1er 
with the hydraulic pumps. The contents of the tank when at the 
normal level with the system fully charged are 15½ gallons. The 
emergency level of the tank is 9½ gallons ( 4¾ gallons per side). 

(b) A float switch in each half of the tank operates when the 
fluid level in the respective compartment has fallen ro 4¾ gallons 
and switches off the associated pump. Additionally warning lights 
at the AEO's station come on to indicate that the float switches 
have operated. 

3 Accumulators 

Accumulators are fitted in the main power circuit (one per pump) 
and in the wheelbrakes and nose-flap systems. Charging derails are 
as follows: 

Locaiion of 
Air charge pressure Accwnula.io,· No. off gauges and 

inf/a1ion valves 

Power 2 Nose-wheel bay 
Wheelbrnkes 4 Nose-wheel bay 

°≿� C OAT 

Nose flaps 8 Access panels - 40 
beneath nose -20 
flaps 0 

+ 20 
-1- 40 
+70 

Controls and Indicators 

4 Hydraulic pump controls- pre-Mod. 2866 

PSI 

3,000 
2,000 

:±: 2 5 PSI 

1,270 
1,380 
1,490 
1,600 
1,710 
1,1!70 

(a) Each of the two electrically-driven pumps draws its suppl_Y 
from its associated hydraulic tank compartment. Each pump 1s 
controlled by a manual switch. No. 1 pump switch is a three
position AUTO/OFF /ON type; No. 2 pump switch is a four
position GROUND TEST/ AUTO /OFF /ON type. Both switches 
are situated in the crew compartment at the AEO's station on panel 
BB. 

(b) With both switches at AITT~, during flight the_ pumps switch 
on and off according to the pos1t1on of che hydraullcally-operated 
services. 

If all services are in the flight position, i.e.: 

Undercarriage UP 
Nose flaps JN and accumulators fully charged 

Main flaps . UP 
Air brakes IN 
Bomb-doors . CLOSED 
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RETURN FRO"' SERV IC ES / N.o. 2 TANK CO~PARTMENT 

T),NK F ILLJNG POINT 

No. I TANK COMPART..,ENT 

RETURN FRO"' STS'D NOSE 

I 

I 
i __ 
I 

RETURN FRO"' PORT NOSE FLAPS 

ELECTRO 

GAUGE I 
,·--

H"ND OPERATED 
SELECTOR 

AI A INFLATI ON 1· 

POIN T 

I 
IICCU..,ULATOR 

I 

I 

Pnnurc 
1 

I 

1,-
1 I "'AS TER CONTROL VALVES I 
Y,rg~hcy N~~ 

I NOTE:- c;,cuit •ho~o with mo >lcc I 
~ESSURE MAINTA INING con.trot vcl"u ct no l"IT'l0l ·----

KEY 
Tor,,lc rorturn 

Normal !oupply 

Em cr-gtncy su ppl1 

E~EA.GENC'Y' 1 NORMAL 
VALVE ---......,~ _ - _,.._ - ~ l i. e. . dir. - 1.ricrsii2.t <I I 

Sc;PLY 1.=~--- -----~ I- PANEL • N~ 2 PANEi-; _____ ----. _I SUPPLY 

Fig. 1 Hydraulic power supplies 
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the pumps do not run. If any service is not in the position men
tioned above both pumps run but when the pressure reaches 4,000 
! sg PSI the pumps are off-loaded until the pressure falls again to 
3,600 ! 10g PSI. Once all services are in the flight posirion again 
the pumps are automatically switched off. 

(c) With both pump switches set to ON the pumps run con
tinuously irrespective of the position of any of the services. The 
pumps run on and off load according to line pressure. With the 
switches in this position, the pumps are not switched off if the fluid 
level in the tanks falls. 

(d) The GROUND TEST posmon permits the testing of o. 2 
pump simultaneously with No. 1 pump. If this position is not 
selected only No. 1 pump runs when a ground servicing truck is 
plugged in, thus ensuring that the ground generating equipment is 
not overloaded. If both switches are at AUTO when the electrical 
supply is plugged in, both pumps run. 

5 Hydraulic pump controls, post-Mod. 2866 

(a) When Mod. 2866 is embodied the pumps run continuously 
when selected to ON or AUTO. The effect of loss of hydraulic 
fluid and emergency selections remains as detailed in para. 6(a). 

(b) Essential to Mod. 2866 is Mod. 2348 which introduces an 
ammeter at the AEO's station, for each pump to measure the current 
in the pump motor earth lines. Additionally Bomber Command 
Mod. 28 provides, a green pump running light for each pump, on 
panel BB ; their indication is that the pumps have been switched 
on and their main contactors are closed. They do not indicate that 
the pumps are actually running. 

(c) The brake pressure gauges indicate the system pressure when 
this exceeds brake accumulator pressure. 

6 Emergency operation oi' the system with the pumps 
at AUTO 

(a) A failure causing loss of flu id from one power panel will cause 
the fluid level to drop in ·the rank compartment feeding that panel. 
When the level in that compartment, drops to the 4¾ gallons 
( emergency level), the compartment float switch will operate and 
stop the associated pump feeding the faulty panel. Hydraulic 
power supply will then be maintained by the other power panel, 
still feeding normal service lines via the normal power circuit 
selector. Services operation will, however, be at a reduced speed 
as only one pump is effective. If services continue to be selected 
with the power circuit in this condition, half of the return fluid will 
flow into the failed circuit compartment. This flow will cause 
intermittent operation of the float switch, allowing the pump to run 
and causing further loss of fluid. As a result, fluid level in the 
other compartment will drop until the 4¾ gallon emergency level 
is reached. 

(b) When the other compartment flu id level reaches the 4¾ gallon 
level as in the above condition, associated float switch will operate 
and stop the remaining pump. Immediately the second float switch 
operates, the solenoids on the power circuit selectors are energised, 
closing the normal selector and opening the emergency selector. 
Simultaneously the EMERGENCY HYDRAULIC WARNI G 
ligh t on Panel AZ is illuminated. Any service selections must 
now be emergency selections. 

(c) (i) On making an emergency selection with this condition, the 
pumps will commence running. Ir is possible that the failed 
panel will pump its remaining flu id to waste, consequently the 
serviceable panel only will be supplying fluid from the power 
circuit via the emergency selector to a selected service. 

(ii) If a failure causing loss of fluid i experienced downstream 
of the power supply circuit, i.e. in a normal service line, the 
levels of both tank compartments will drop simul taneously. 
Consequently, both float switche will operate together, ener
gising the power circuit selector solenoids to emergency open, 
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normal closed, stopping the pumps and illuminating the EMER
GE CY HYDRAULIC WARN! G light. Any service 
selections must again be emergency selections buc this time, as 
the fault may be in a normal service line, further fluid loss may 
not occur. 

(iii) If an emergency selection is made due to an electrical or a 
hydraulic fault on a service but with the power supply circuit in 
a normal state, then the emergency service selection will not 
only energise the emergency selector for that service but will 
also energise the power circuit selector solenoids, changing those 
selectors to emergency open, normal closed for the duration of 
operation of that service. Upon completion of operation of that 
service the power circuit solenoid is de-energised and the power 
circuit returns to normal open, emergency closed. The emergency 
hydraulic warning light is then extinguished. 

NOTE I : The power supply circuit will not revert to ormal afte r a 
bomb-door emergency OPEN selection. With the doors selected open, no 
normal selections of other services, with the exception of nose-flaps are 
available unt'il the bomb-doors have been closed using an emergency 
selection. 

NOTE 2 : When airbrakes have been closed using an emergency selection, 
the 1st Pilot's control lever must be brought out of the emergency gate 
to the normal closed position before the power supply circuit reverts to 
normal and the emergency hydraulic warning ligh l goes our. 

NOTE 3: The float swi tch wi ll not switch OFF its associated pump when 
that pump is switched to ON. M od. 2529 introduces a warning light 
for eacl1 float switch on panel BB. 

~ NOTE 4: When the undercarriage is selected by emergency selection the 
pumps will continue to run until the normal down button is pressed. > 

7 Protection miHs 
(a) Protection units are fitted in the normal supply lines to the 
selectors of the following services : 

ndercarriage 
Bomb-doors 
Main flaps 
Airbrakes 

The purpose of a unit is to isolate the normal supply to the circuit 
and provide an alternative path for the return fluid. 

(b) Normally pressure fluid has an unrestricted path through the 
protection unit to the selector, but when an emergency selection is 
made emergency circuit pressure is connected ro the piston of the 
associated protection unit to close the normal supply line. Once a 
protection unit has been operated, normal selection of its associated 
service cannot be made again in flight since the units must be 
manually reset and are inaccessible in flight. 

8 Undercarriage control 

(a) The undercarriage is hydraulically operated and electrically 
selected by one of three push-buttons, UP, DOWN and 
EMERGE CY-DOWN, in the centre of panel A. The buttons 
are mechanically interlocked, so that when any one button is pressed 
in, the button left in by a previous selection is released. On Mk. 1 
aircraft the buttons are forward on the port console, AE. 

( b) When the aircraft is on the ground the undercarriage cannot be 
retracted since the UP button is electro-mechanically locked and 
cannot be depressed w1til a pitot-switch operates at 105 knots to 
release the lock. Although the button can then be depressed, 
micro-switches on rhe bogie mechanism prevent the completion of 
the selection circuit until the weight of the aircraft is off the 

~ wheels and the tip hooks are engaged. > 
NOTE: The electro-mechanical lock can be overridden, for servicing 
purposes, by iwisring ihe UP buuon 60° clockwise. 

(c) On Mk. IA aircraft the brakes arc automatically applied when 
the UP selection circuit is completed and before the retraction 
cycle commences. To achieve this there is a 3 second delay before 
fluid is allowed to pass to the undercarriage circuit ; during this 
three second the maxaret spill line is pressurised from the under 
carriage UP line and the units are cocked, thus applying the 
brakes. 
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(d) When a DOWN selection is made, the up lines pressure 1s 
relieved and the brake units are depressuriscd and released. 

(c) A standard position indicator is on panel AZ. 

(f) Pre-Mod. 2987 the 2nd pilot's ASI incorporates an undercarriage 
warning device. This consists of a window in the face of the 
instrument- in which a flag marked /C oscillates if any under
carriage unit is not locked down at speeds below 160 knots. 

9 Undercarriage emergency control 

(a) When an EMERGE CY DOW selection is made, the 
pressure supply from the pumps is changed from the normal to the 
emergency circuit, the protection unit is closed and the emergency 
selector valve opens to feed fluid to the lowering jacks. 

(b) When the undercarriage is locked down the pressure supply 
reverts to normal provided that the float switches have not operated, 
bnt further undercarriage selection will not be possible and nose
wheel steering will not be available. 

(c) Independent emergency lowering nitrogen system 

(i) Mod. 3079 introduces an independent system for emergency 
lowering of the main and nosewheel undercarriage. The system 
operates from an independenr nitrogen supply and caters for the 
case of complete hydraulic failure. 

(i i) At the rear of the second pilot's seat, facing inboard, is a 
control unit wh ich incorporates a pressure gauge and a charging 
poinc. When the flap at the top of the unit is lifted a 1ever is 
revealed. When the lever is pushed fully down a valve is opened 
which permits nitrogen, stored in a single bottle in the plenum 
chamber, to pass to the normal w1dercarriage lowering lines. 
Once the undercarriage is lowered in chi way it cannot be 
raised again until the sy rem has been ground-serviced. 

(iii) The following rable lists the nitrogen bottle charging 
pressures, which are also given on a plate on the control unit. 

Temp. °C. I 
PSI 

- 40 

2,380 
- 20 I o I 20 l 40 I 70 
2,590 2,800 3,000 3,200 3,510 

Tolerances in pressure are ± 25 PSI 

10 Wheelbrakes control 

(a) A maxaret braking system controlled by the rudder pedals is 
fitted. Four hydraulic accumulators are included in the system to 
provide a reserve of pressure in an emergency. 

(b) Two separate pre3sure supplies feed the inboard and outboard 
brakes respectively of the port and starboard wheel units. Depres
sion of either pilot's rudder pedals feeds pressure to both the 
inboard and outboard brakes associated with tbe rudder pedal 
which is depressed. 

(c) (i) When Mod. 2163 (Not B.I aircraft) is embodied the brakes 
are automatically applied when an undercarriage UP selection 
is made before the retraction cycle commences. To achieve this 
there is a 3 second delay before fluid is allowed to pass to the 
undercarriage circuit ; during this period the maxaret spill line 
is pressurised from the undercarriage UP line and the units 
locked, thus applying the brakes. 

(ii) When a DOW selection is made, the up line pressure ts 
relieved and the brake units depressurised and released. 

(d) Two pressure gauges, one for the inboard brakes and one fo r 
the outboard brakes, indicate the supply pressure of 4,000 PSI to 
the wheelbrakes reducing valves. 

(e) A hand-operated parking brake is fitted at the forward end of 
panel AE. A warning light (MK. lA only) alongside the under
carriage selector switch on panel A comes on whenever the parking 
brake is applied and either main undercarriage leg is locked down. 
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(f) Emergency operation 

With the hydraulic circuit in EMERGENCYJ only accumulator 
pressure will be available for braking. The brake parachute must 
always be streamed and maxaretting and unnecessary brake appli
cation avoided. The brake pressure gauges should be carefully 
monitored. When the aircraft has come to rest, no further taxying 
should be attempted· have the aircraft towed to dispersal. 

l l Nosewheel steering 

(a) The GRO ND STEERING MASTER switch and the 
steering control wheel are on panel AA. Hydraulic pressure to the 
circuit is only available after the undercarriage ha been selected 
down on the normal system. 

(b) N osewheel steering is effected by two opposed steering jacks of 
which hydraulic pressure is electrically controlled following 
movement of the handwheel. The handwheel may be operated 
clockwise or anti-clockwise rn give a steering range of approxi
mately 45 ° in either direction. When the handwheel is stopped 
and held in any position the nosewheel is held at a similar posit ion 
giving a constant turning radius. 

(c) When the hand,vheel is released a centring spring returns it ro 
neutral at which setting the nosewheel is free to caster. 

(d) o emergency system is incorporated, i.e. no steering power is 
available if the undercarriage has been lowered on emergency or if 
boch hydraulic tank float switches have operated. 

(e) The bandwhecl may be pulled out from ics normal position by 
up to 3 inches for ITTeater pilot comfort. 

(j) A ground te t switch is on Console AE. 

(g) Nosewheel steering is inoperative when rhe aircraft is being 
towed wich an external. MV upply connecced and when the nose
wheel is off the ground. 
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U Airbrakes control 

(a) The airbrakes which are fitted in the tail cone, are operated 
by a single hydraulic jack which is electrically controlled by inter
connected levers one on each pilot's throttle quadrant, inboard. 
Control is of che " follow-up " type and airbrake selecnon is 
infinitely variable between the OPE and CLOSE positions. The 
1st pilot's lever on ly has a third (gated) position-EMERGENCY 
IN. 

(b) Movement of either lever causes the hydraulic jack to operate. 
When the selected position is reached electrical supply is termin
ated and the brakes are then hydraulically locked. 

(c) Airbrakes movement is shown on an indicator on Panel AZ. 
A magnetic indicator below hows black with the airbrakes in and 
white with the airbrakes other than fully in. 

13 Airbrakes emergency control 

(a) The emergency system is for use only ro close the airbrakes. 

(b) When the 1st pilot's selector is set into the EMERGE CY IN 
gate the hydraulic system operates in the emergency condition 
until the airbrakc is fully closed. The airbrakes are then inoperative 
and no further selection can be made. The power circuit will re
main in emergency (warning lighr on) and the airbrakes magnetic 
indicator will remain at white until the selecror lever is returned 
ro CLOSE when the selection is completed. 

14 Braking parachute control 

(a) The SAFE/STREAM switch is on the 1st Pilot' panel AE. 
When set to STREAM the parachute is ejected. When the switch 
is returned to SAFE it i jettisoned. 

(b) Should the parachute stream inadvertently in flight it is auto
matically jettisoned provided that rhe witch is at SAFE. 

(c) A test swi tch is on che fo rwa rd edge of panel AJ. 
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(d) (i) When Mod. 3248 is embodied the doors are unlocked by 
hydraulic pressure and opened by spring pressure. If hydraulic 
failure occurs an accumulator provides adequate pressure for 
unlocking the doors. T he system is controlled by rwo SAFE/ 
STREAM selector switches, one for the normal and one for 
emergency system, ganged together so that they operate 
simul taneously, fitted on the 1st pilot's panel AE. (Post Mod. 
3925 panel AAP). When they are set to STREAM the parachute 
is ejected. When they are returned to SAFE the parachute is 
jettisoned. 

(ii) If there is no pressure available from rhe aircraft's normal 
hydrauli c system, emergency accumulator pressure will cream 
the parachute. 

(iii) Unless there is prior knowledge of hydraulic system failure 
there is no indica tion that the emergency accumulator pressure 
has been used to stream the parachute. 

JS Main llaps control 

The three po ition UP/TAKE-OFF /DOW control swi tch 
is on panel A (AE, Mk. 1) together with a gated EMERGENCY 
Selector switch. A position indicator which indicates the positions 
of both main flaps in divisions is on panel AZ. 

16 Main flaps emergency control 

When rhe EM DOW selector is operated after fuse raising the 
locking guard, the hydraulic system is switched to emergency and 
the main flaps are lowered fully down only; however intermediate 
positions can be obtained by reselecting OFF when the position 
ind icator show that the flaps have reached the required po ition. 
The flaps cannot subsequently be raised. 

17 Nose flaps control 

-4 'OTE: Mod. 2352 in troduces fixed droop leading edges in lieu of nose 
flap s to Mk. (K ) I , Mk. JA and Mk. (K ) IA aircraft. The fol1owing 
paragraph applies only to B Mk. 1 aircraft. ~ 

(a) Power sup ply circuit operation 

(i) Wi th the hydraulic pumps at AUTO, whenever nose flaps 
move ouc, pu mps commence running and rema in running until 
rhe nose flaps are moved in . 

(ii) A drop in any one nose flap accumula tor pressure to 2900 
PSI causes the pumps to run, if set to AUTO. Then they recharge 
that accumulator to 3500 PSI and automatically stop. (Post 
Mod. 2866 - continuously running pumps - this recharging is 
indicated by pump ammeters showing pumps working on load .) 

(ii i) There is no emergency supply of hydra ulic fluid to the 
nose flaps. They are always moved out by their accumulator 
pressure and moved in by normal power circuit pressure once 
the accurr.ulators have been recharged. 

(h) Control and indications 

(i) A three position rotary switch (IN-A 1 0-0UT) is provided 
on Panel AC. 

(ii) T wo magnetic indicacors on Panel AZ show positions of 
inner and outer nose flap sections. They indicate as follows: 

Black Both sections locked in 
Whi te 
Striped 

Boch sections our 
In any position other than above and when electrical 
power i lacking 

(iii) Two amber lights, on Panel AZ, in circuit with the CL 

detector system and the accumulator pressure swi tches . 

(c) Nose fiaps selected to AUTO 

(i) Whenever main flaps leave the up posmon, nose flaps 
automatically move out. When main flaps return rn the up posi
tion and providing all eight nose flaps accumularnrs are re
charged nose flaps move back in. 
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(ii) At speeds below O · 7M, when a high CL condition exists on 
either wing, all nose flap sections move our. When the CL 

condition disappears the nose flaps move in. 

(iii) Ar speeds below O · 7M when the pressure in any one nose 
flap accumulator drops to 2800 PSI all nose flap sections move 
out and remain out until all accumulators are recharged. 

( d) Nose fiaps selected lo IN 

(i) Nose flaps move out automatically whenever the main flap 
leaves the up position. Each nose flap section moves in when 
main flap return to the up position, providing one of its pair 
of accumulators is fully charged. 

(ii) Other automatic function of nose flap are cancelled. 

(e) Nose flaps selected to OUT 

An O T selection of nose flaps moves them out providing sufficient 
pres ure exists in the accwnularors. This selection must not be 
made above O • 75M. 

Cf) CL Waming Lights 

(i) Nose fiaps at AUTO. CL warning lights illuminate whenever 
a high CL condition exists and the nose flaps have not moved our. 
At speeds below O · 7M, only a brief flicker is apparent. Above 
0 · 7M, mach switches prevent rhc nose flaps moving under high 
CL conditions. In this case a steady amber is apparent during a 
a high CL condition. 

(ii) Nose flaps al IN. A CL condition above O · 7M gives a con
stant amber indication. Below O · 7M however, not only does 
amber indicate a high CL condition but also a pressure drop in 
one or more nose flap accumulators. The pressure dropping to 
2800 PSI in any one nose flap accw1mlaror causes its associated 
CL warning light to illuminate. The forward four accumulator 
pressure switches are in circuit with the starboard amber the 
rear four with the port amber. 
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(g) Pre-Mod. 214 

British Me sier nose flaps have identical control and indications 
except that there is no automatic our selection of nose flaps with 
a drop of any one accumulator pressure co 2800 PSI. 

NO H : Because of the pressure switch system, if the ai rcraft is parked 
with electrical power ON and nose-flaps selected AUTO, any release of 
pressure from one of the eight accumulators causes the nose-flaps to move 
out without warning. 

18 Bomb-bay doors control 

(a) The bomb-bay doors are controlled by a three-position OPEN/ 
AUTO /CLOSE switch on panel AZ. A three-position magnetic 
indicator is situated adjacent, which shows black when the doors 
are closed, striped when they are moving or if no electric power is 
available and OPEN (white) when they are open. 

(b) If the bomb-bay doors do not open within a predetermined 
time with the switch set to OPE , the hydraulic system is auto
matically switched to emergency and the doors are opened on the 
emergency circuit. 

(c) When the switch is at AUTO automatic door opening is 
achieved on receipt of a signal from the NBC equipment. In addi
tion, when Mod. 930 is embodied the doors can be opened in 
emergency by a signal from the NBC equipment. 

(d) The doors can be closed fol lowing an OPEN or AUTO open 
selection by setting the switch to CLOSE. 

(e) Circuit breakers on panel AJ protect the supply co both the 
normal and emergency circuits. 

19 Bomb-bay doors emergency control 

(a) Located on panel AC are an EMERGENCY BOMB three
position JETTISON/OFF /EMERGE CY CLOSE switch and 
a LOWER CARRIERS JETTISO two-position JETTISON/ 
OFF switch. 
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(b ) If the EMERGENCY BOMB switch is set to JETTISO the 
doors are automatically opened and the stores are jettisoned. 
Following a JETTISON selection the doors must be closed by an 
EMERGE CY CLOSE selection. 

(c ) If the bomb doors fail to close, first set the normal selector 
to CLOSE and then set the EMERG CY BOMB switch to 

EMERGENCY CLOSE to set the hydraulic system to emergency 
and close the doors. If the normal selector is not set to CLOSE, 
the doors will re-open after 3 seconds. 

(d) If the bombs hang up on the lower carriers, the carriers can 
be jettisoned by opening the bomb doors and selecting JETTISON 
on the LOWER CARRIERS JETTISO switch. 

~ 20 Bomb release sai'ety lock 

The bomb release safety lock prevents inadvertent weapon release. 
T~e lock is controlled by a guarded double pole switch on panel 
AAF marked LOCK I /off/DOCK 10UT. Two lights are fitted 
above the switch, one green and one amber. The amber light 
comes on when the safety lock is released and the green light 
when the lock is engaged. ~ 

Management of the System 

21 H:ydraulic pump management 

(a ) Pre-flight functional checks 

Prior co starting the engines, and when an LV A o MV supply is 
available, check the function of both hydraulic pumps in all selector 
positions and of all hydraulic services, in accordance with the 
check lisL When changing pump selections a pause of at least 5 
seconds should be made at the OFF position. Check that both 
BRAKE-S PPL Y gauges indicate 4,000 PSI and that the pressure 
does nor fall when both pumps are switched OFF. 

(b ) Pump selection 

Taxy with one pump selected to AUTO (green pump running light 
on) and the other pump OFF. Take off with one pump ON and 
the other pump at AUTO (both pump running lights on). On 
completion of the after take-off checks, and when all hydraulically
operated controls are retracted, switch one pump (normally No. 1 
pump) OFF and leave the other pump selected to A TO. All 
flying, except during take-off and landing, should be carried out 
with one pump selected co AUTO and the other one OFF. It is 
recommended that the swicchjng on and off of pump motors at 
altitude should be avoided except in cases of malfunction. 
Pre-Mod. 2866, with a pump selec ted to AUTO it will only run 
when a hydraulically operated control is not fully retracted, or 
when re-charging of hydrau lic accumulators on the main hydraulic 
system is necessary. The green P MP RUNNING light will 
indicate when the pump i switched on. Post-Mods. 2866 and 2348 
a pump will run continuously when selected to AUTO and 
variations in the pump ammeter ind ications will indicate whether 
the pump is running on or off load. During the checks before 
landing swi tch both pumps to AUTO and maintain these selections 
throughout roller landings and overshoots . Before fina l landing 
select one pump O and the other to AUTO. 

(c) A pump should not be switched to ON or AUTO within 5 
seconds of witching it OFF. 

22 Approximate times of operation for h)'draulic services 

Service 

Undercarriage 
Nose-flaps 
Main- flaps 

Airbrakes 
Bomb-doors 

Time of Operation (seconds) 

Up to down 
In LO out 
Up ro take-off 
Take-off to 

Down 
Up to down 
Close to open 
Close to open 

12-16 
0·7- 1 
l+-16 

4-l-5 
18-20 
4-5 
3-4 

Down to up 12-16 
Out to in 12-1 'i 
Take-off to up 14- 15 
Down LO take-off 3·}-4 

Down to up J 7- 18 
Open co close 2-3 
Open to close 6-8 
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NOTE 1 : The above times are valid when both hydraulic pumps are in 
operation. When only one hydraulic pump is in operation the times may 
be increased by up to 100'%. 

KOTE 2 : The underca rr iage lowers and retracts in flight in approximately 
7 seconds but the times stated above include the period of time for thr 
doo rs to close and the jack to lock. 

Malfunctioning of the System 

23 Pump failure 

If a hydraulic pump fails, the sortie should be abandoned except 
in operational conditions. If possible reduce height before switching 
the other pump to AUTO and lower the undercarriage and flaps 
as soon as possible. 

24 Overloatling of pump motors 

If the steady indication on a pump motor ammeter exceeds 60 amps 
the pump should be switched OFF. Intermittent peaking up co 
100 amp may normally be expected. 

25 Excessive cut-in rate 

lf, during flight the cut-in rate of a pump motor increases to 
more rhan once per 30 seconds swi tch OFF the pump and use 
on ly when required. 

26 Overheating of pump motors 

If a pump ammeter reading is beyond the white sector (i.e. exceeds 
45 amps) when the pump is idling, overheating should be suspected. 
Switch OFF the pump as soon as possible. 

27 Loss of hydraulic fluid (float switch operation) 

(a) If a hydraulic leak occurs causing loss of fluid in one system, 
the float switch in the appropriate hydraulic tank compartment 
will operate when the fluid level in that compartment reaches 
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4.75 gallons. This will automatically switch off the associated 
pump motor if it is selected to AUTO, and Pos t-Mod. 2529, will 
illuminate the associated HYDRA LIC WARNING light at 
panel BB. If the pump motor is selected to ON it will continue to 
run and must be switched OFF manually. Approximately 2 · 5 
gallons of fluid will be available in the other tank compartment to 

allow normal operation of services. However, during operation of 
services return fluid will be divided between the tank compartments 
allowing further loss of fluid, and when the second tank compart
ments contents fall to 4 · 75 gallons the second float switch will 
operate. The second pump motor will auromatically be switched off 
(if it is selected to AUTO) and the second HYDRAULIC WARN
I G ligh t at panel BB will illuminate. At the same time the 
EMERGENCY HYDRAULIC warning light at panel AZ will 
illuminate indicating that the Normal Master Selector has closed 
and the Emergency Master Selector has opened. 

(b) If a hydraulic leak occurs downstream of the onnal Master 
Selector both tank float switches will operate and the EMER
GENCY HYDRAULIC warning light and both HYDRAULIC 
WARNING lights (if fitted ) will illuminate simultaneously. 

(c) If the Emergency Master Selector has opened, the pump motors 
will only run when an Emergency service selection is made with 
the pump motors selected to AUTO, or if the pump motors are 
selected to O . The following Emergency selections only can be 
made:-

ndercarriage 
Main Flaps 

ose Flaps 
Air brakes 
Bomb Doors 

EMERGE CY DOWN 
EMERGENCY DOWN 
0 T 
EMERGENCY CLOSE 
OPE or JETTISON, ElvlERGENCY 
CLOSE (open and close once only to 
avoid excessive loss of fluid) 

(d ) ( i) The order of service selection will be at the captain's dis
cretion but normally the undercarriage should be lowered as 
soon as possible. 
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(ii) Operation of the nose flaps will use tJ,e fluid in the nose 
flap accumulators. 

(iii) Whilst the main flap emergency selector has only 
NORMAL and EMERGE CY DOWN selection positions 
in termediate flap positions may be obtained by selecting EMER
GENCY DOW and then cancelling the selection by selecting 
NORMAL when the flap position indicator shows that the 
required position has been reached. 

(iv) If bomb door operation is necessary it is essential to check 
char the normal bomb selector is a CLOSE before selecting 
EMERGENCY CLOSE. Failure to do rn will cause automatic 
re-cycling of the bomb doors with consequent loss of hydraulic 
fluid. 

(v) When an • mergcncy selection of any service. except under
carriage EMERGE CY DOW , is completed the pump 
motors will be switched off automatically provided char they are 
selected to A TO. However, following completion of an under
carriage EMERGE CY DOWN selection the pump motors 
will continue to run w1til they are selected OFF. As the 
undercarriage will normally be the first service to be operated 
in the emergency condition, the pump motors must be switched 
OFF on completion of each Emergency selection to avoid 
unnecessary loss of fluid. After the emergency retraction of air
brakes return the selector lever to NORMAL CLOSE to obcain 
correct indication of the magnetic indicator (see para. 13 (b)). 

(e) Nosewheel steering will not be available and only accumulator 
pressure will be available for operation of the wheelbrakes. This 
should provide adequate pressure for one full stop landing, but 

unnecessarily harsh braking causing operation of the maxaret units 
must be avoided. When the brake pressure gauges indicate 2,000 
PSI, further brake application will cause the gauge reading to fall 
to zero. 

28 Hydraulic service railure 

(a) If a hydrau lic service fails to operate following a normal 
selection and rhe failure is no t apparently caused by 'I main 
system (e.g. floa t switch operation), those services which incorporate 
E mergency selections may be operated as described in the 
preceding paragraph without causing hydraulic system as a whole 
to operate permanently in an Emergency condition. Make the 
appropriate Emergency selection of the service reau ired. During 
the Emergency operation the EMERGENCY HYDRAULIC 
warning light will illuminate indicating that the hydraulic system 
is in the Emergency condition. On completion of the operation the 
main hydraulic system will revert to its normal condition and the 
EMERGE CY HYDRAULIC warning light wilJ go out. o 
further operation of the failed service (except the bomb doors) 
can then be made, but the remaining services can be operated 
normally. 

(b) If the undercarriage has been lowered by selecting 
EMERGENCY DOWN, and the pump motors have then been 
stopped by selecting OFF, the pumps may only be restarted by one 
of the following procedures : 

(i) Selecting ON at the pump control switches. 

(ii ) By depress ing the normal undercarriage DOW button 
af ta the undercarriage is indicated down and locked, and then 
selecting AU O at the pump control switches. 
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Part I 

Chapter 5-Powered Flying Controls and Trimmers 

List of Contents 

Description 
General 
Control columns 
Rudder pedals 
Powered flying control uni ts ( PFCU) 

' Q ' feel units . 
Yaw damper system . 
Auto-mach cr im syslem 

Contro1s and Indicators 
Power controls switches and ind icators 
Yaw damper controls . 
Aulo-mach trimmer control and indicator 
Trimmer controls 

D escription 
1 General 

Pam. 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
II 

(a) Dual controls are fitted for side-by-side eated pilots. Electro
hydraulic power units are provided to operate the ailerons, rudder 
and elevators. There is no manual reversion. 

(b) Provision is made for a Mk. 10 electrically-operated auto-pilot. 

2 Control columns 
(a) The conrrol columns are of the horizontal sliding type and are 
free both to rotate and slide. Each control column incorporate an 

1\fanagement of the Powered Controls and Trimmers 
Ground checks and starring 
Auto-stabi lisers and auto-mach trimmer 
In-flight management of the powered controls 

Malfunctioning of the Powered Controls and Trimmers 
'Q ' fee l uni l f ilure . 
PFCU failures 
Overheating of a PFCU 

Failure of a control trimmer . 
Yaw damper failure . 
Auto-mach trim failure 

Illustration 
Artificial feel and trim operation 

Para. 

12 
13 
14 

15 
16 
17 
18 
19 
20 

Fig. 

I 

elevator trim switch and an auto-pilot instinctive cut-om swi~ch, 
on the inboard handgrip. The concrol columns operate push-pull 
rods to the powered flying controls units. 

(b) (i) Post-Mod. 2789, if the aircraft is to be abandoned using the 
ejection sears, both control columns are disconnected from the 
elevatar control and moved forward to clear the pilots' knees. 
This is achieved automatically when the escape hatches are 
jettisoned as the ejection seat firing handle is pulled. If only one 
hatch is jettisoned its associated handwheel will be disconnected, 
bur the other will remain effective until the second hatch is 
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jettisoned. Pre-Mod. 2789 rhe red handle on each pilot's console 
must be operated to retract the control column. 

(i i) If either escape hatch is jettisoned by means of the ditching 
handle, the associated control column does not slide forward. 

3 Rudder pedals 

(a) In addition to normal fore-and-aft pedal movement for rudder 
control each pair of rudder pedals is used for wheelbrakes applica
tion. Depressing the pedals by toe action actuates the brake 
cylinders, the amount of toe movement controlling the pressure 
and differential wheelbraking. 

(b) Rudder pedal adjustment is achieved by rotating the crank 
handle beneath each control column tube. 

4 Powered flying control units (PFCU) 

(a) The power unir for the rudder, each elevator and each aileron 
consists of two s lf-comained sub-units. Each sub-unit comprises 
an electric motor driving an hydraulic pump, a reversible hydraulic 
motor, a self-contained hydraulic fluid supply and a valve gear. 
The hydraulic motors of both sub-units drive a single screw jack 
which transmits control column input to the associated control 
surface by means of skew levers. 

(b) When the valve gear is moved by rhe control column in either 
direction hydraulic fluid is passed to the hydraulic motor to drive 
the screw jack, and thus the control surface. When control column 
movement ceases the screw jack continues to move until the valve 
is reset to the neutral position by means of a reset lever which 
inter-connects the screw jack with the valve gear. When the valve 
reaches a neutral position, hydraulic flow is cut off and control 
surface movement ceases until the control column is again 
displaced. 

(c) Two sub-units are incorporated in each power unit so that if 
failure of one sub-unit occurs control movement can still be 
achieved. With one sub-unit out of action the maximum rate at 

which the control can be operated remains the same but for a 
given rate the hinge moment against which the control surface can 
be moved is reduced. 

(d) Pressure-off brakes (Mod. 828) 
Each PFC is fitted with a pressure-off brake designed to prevent 
the fl ying control surfaces from tramping under gusting wind loads 
when the aircraft is parked. Two brake shoes, spring-loaded to the 
"brake-on " position, apply a load to the output drive of the PFC 

when the complete unit is switched off. As each sub-unit is swi tched 
on, its associated brake shoe is lifted from the output drive by 
hydraulic pressure. To gain complete freedom from brake effect 
both sub-units must be switched on and operating correctly. If sub
unit failure occurs the attendant brake shoe will be applied. 

5 " Q " feel units 

(a) Since there is no feed back of control surface hinge moments 
to the pilots' controls, synthetic feel, which varies with airspeed 
and control d isplacement, is given in the controls signalling systems 
by " q " feel units. Each unit is connected in parallel with its 
associated controls system and embodies a duplicated motor 
acrua tor for trim control. 

(b) In " q " feel units pitot and static pressure is fed to the inside 
and outside respectively of a bellows so char the difference in 
pressure, i.e. dynamic pressure, is measured. Movement of the 
pilot's control compresses the bellows by means of a toggle 
mechanism so that the fo rce rransmitted to the pilot is approxi
mately proportioned to the dynamic pressure and the displacement 
of the control. Each feel unit contains in addition a double-acting 
centralising spring unit which in addition to giving a force 
proportional ro control displacement also assis ts in returning the feel 
uni t to neutral when the controls are centralised. 

6 Yaw damper sy tern 

(a) This is fitted to correct disturbances about the normal axis by 
automatically applying rudder. Two yaw dampers are fitted, the 
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normal and the standby and each functions in a similar manner. 
A gyro senses and signals any disturbance to an electric actuator 
in the rudder system. This actuator extends and retracts to operate 
Lhe PFCU reset lever. 

(b) An airspeed unit is fitted which progressively decreases the 
gyro signals with increasing airspeed. 

7 Auto-mach trim S)'Stem 

(a) The purpose of the system is to counteract the nose-down trim 
changes encountered at high mach number. This i achieved by 
introducing a ervo jack into the elevator PFCU signalling system 
between the "q" feel un it and the PFCU. The operation of the 
servo i ack is con trolled by the 2nd pilot's machmeter, the output 
signals of wh ich are amplified to operate a relay unit to supply 
power to the servo jack which moves in proportion co the output 
signal. The effective length of the particular portion of the 
signalling system is then altered. 

(b) When switched ON and above 20,000 feet the ervo begins 
to operate at approximately 0.85M. A fu rther increase in mach 
nw11ber results in upward movement of the elevator without 
altering the stick position, the amount increasing with increase of 
mach number. At approximately 0.95M and above the servo jack 
is fully extended . 

(c) G cut-outs prevent servo movement if the normal accelera tion 
of the aircraft exceeds 1 · 8 G or is less than O · 6 G. 

(cl) AC supply is obtained from No. 2 Type 350 inverter and DC 

supply from No. 2 L V bus-bar. 

Controls and Indicators 

8 Power controls switches and indicators 

(a) An individual ON/OFF control switch for each sub-unit, i.e. 
10 in all, is on panel AZ in the pilots' cockpi t. 

(b) Ten lights below the switches come on if their associated sub
units suffer hydraulic pressure fai lure. 

(c) On the AEO's panel BC are twenty magnetic indicators, two 
for each sub-unit. If overheating of the hydraulic fluid in a 
sub-unit occur the appropriate indicator in the upper row wi ll 
show white. Warning of hydraulic pressure failure will be given by 
the appropriate sub-unit indicator in the lower row showing white. 

9 Yaw damper controls 

(a) T wo ON/ST AND BY /OFF switches are fitted for the yaw 
dampers, that for the normal damper being on panel AZ and 
for the standby damper on panel AE. 

(b) Only one yaw damper should be ON in flight, the o her being 
selected to ST AND BY. either should be selected O or 
ST A DBY if the PFCU sub-units are not running. 

(c) Power supplies to the normal yaw damper are from o. 2 Type 
350 inverter and o. 2 LV bus-bar. 

(d) Power supplies, AC and oc, to the standby yaw damper are 
from the flight instrumenr supplies. 

10 Auto-mach trimmer control and indicator 

(a) An ON/OFF /RESET switch is on panel AZ with an adjacent 
magnetic indicator. 

(b) When RESET is applied the electric actuator retracts fully and 
thus removes any applied auto-roach trim. 

(c) The indicator shows black (in) with the actuator fully retracted, 
and white ( out) with the actuator anywhere but full y retracted. 

11 Trimmer controls 

A standard trim switch, for the ailerons elevators and rudder is 
located on each pilot's console, AE and AF : before either trim 
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Fig. 1 Artificial feel and trim system 

ll:ss SI II 

switch can be operated a central push-burton must first be 
depressed. An alternative trim switch for the elevators is situated 
on the inboard handgrip of each pilot's control column, beneath a 
protective guard. When either guard is lowered its associated crim 
switch circuit is " dead." No trim tabs are fitted to the control 
surfaces ; che trim system operates the main controls signalling 
systems through electr ic actuators and will trim the stick forces 
out while keeping the pilots' control columns stationary. Operation 
of the trim switch for any of the controls extends or retracts an 
actuator to reset the feel simulator. Each actuator is driven by one 
of two electric motors through a differential gear box. The 1st 
pilot's controls operate one mo tor and the 2nd pilot's controls 
operate the other. In the case of the elevator trim circuit, the 1st 
pilot's control column alternative switch operates the motor 
normally controlled by the 2nd pilot's console switch and vice versa. 

Management of the Powered Controls and 
Trimmers 

12 Ground checks and starting 
(a) General 

The powered flying conrrols and che control trimmers must be 
checked before starting the engines . A 28 volt DC supply and a 112 
volt external supply must be available. Before starting any of the 
PFCu' s check with the crew chief that all ground personnel are 
clear of the control surfaces. 

(b) T esting trimmer controls 

The trimming controls of both pilots must be tested over the full 
range of movement. 

(i) Console trim controls 

Without pressing the pushbutton, move the console trim in each 
direction to check ftmctioning of the cm-om. (If the trims move, 
the system is unservicable). Then depress the button and move 

RES T RI CT E D 

-



-

fS /28 AP 4506A & C-PN Part I , C hap . 5- Powered Flying Controls and T rimmer; 

the trimmer control in each direction to check the correct move
ment of the aileron, rudder and elevator controls. Watch the 
trim indicators for smooth travel over the whole range of move
ment. At full travel the indicators will normally move beyond 
the extreme marks on the indicator face. The control column and 
rudder pedals wi.11 normally move some distance in the direction 
of applied trim. When elevator trim is applied, the elevator 
trim-load indicator on each pilot's instrument panel will move 
in the appropriate direction but its rate of movement is not 
directly proportional to the trim movement applied. Repeat the 
checks on the other pilot's console trimmer control and return 
to neutral. 

(ii) Control column trim control 

Operate the control column trimmer control switch through the 
hole in the flap and check that the elevator trim does not move. 
(If the trim moves, the system is unserviceable). Then raise the 
flap and operate the trimmer over its full range of movement in 
each direction. Repeat the checks on the other pilot's trim con
trols and recum the trim to neutral. 

(c) Starting and testing PFCU's 

Check that the ten red power failure warning lights on the pilot's 
coaming panel (AZ) are on, and that the ten power failure magnetic 
indicators are white and the ten overheat magnetic indicators at the 
AEO's station are black. Start the No. 1 set by selecting the number 
1, 3 5 7 & 9 switches to O (up). Check that the appropriate red 
warning lights on the pilot's coaming go out and the indicators at 
the AEO's station are black. Test the controls for free, smooth and 
correct movemen over their full travel (by ground crew observa
tion). Jerky control movements or vibration may indicate unservice
ability. Switch OFF the No. 1 set of controls (check that the red 
warning lights come on) and repeat the checks for the No. 2 set of 
controls switches numbered 2, 4, 6, 8 and 10. On completion of 
checks switch OFF all PFC 's until ready for take-off. Before take
off, switch on all PFCU's, check that all warning lights go out and 

magnetic indicators are black. Check the controls for freedom of 
movement over their full travel. 
NOTE: Rapid control m ovement may cause flickering of the power failure 
warning lights. This should cease when control movement ceases. 

13 Auto-stabilisers and auto-mach trimmer 

(a) Auto-stabiliser 

The yaw dampers should never be switched to ST AND BY or ON 
unless the appropriate PFCu's are running. Before take-off, and 
after starting the PFCu's select the normal and standby yaw 
dampers to STANDBY. ~ ~ There 1s no indicator to show that the 
units are operating. 
NOTE: Only one yaw damper should be selected to ON. The other should 
be selected to ST AND BY. 

(b) Auto-mach trimmet 

The auto-mach trim indicator should be IN and black when the 
aircraft is on the ground. If the indicator shows white (out), after 
starting the elevator PFCu's select the control switch to RESET 
and check that the indicator changes to black (in). If it fails to do 
so, the aircraft must not be flown. The auto-mach trim should be 
selected to OFF for take-off. 

14 In-flight management of the powered controls 

(a) If any component of the flying control system is found to be 
faulty before take-off, the aircraft must not be fl.own. 

(b) (i) Throughout Aight the red power failure warning lights 
should remain our and the overheat magnetic indicators should 
remain black. 

4 (ii) Throughout flight the hydraulic yaw damper should be 
selected ON and the standby yaw damper should be selected to 
STANDBY. 
(iii) Once above 20,000 feet if the mach trimmer is required it 
should be witched ON between O · 84 and O · 85M before speed 
is increased further. If, when the mach strut is selected on, its _, 
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~ magnetic indicator has not turned white by the time O · 87M is 
reached the speed should be reduced to O · 84M and the mach 
trimmer switched off. If during normal use the magnetic indicator 
remains white after the speed has decreased below O · 84M then 
the reset switch should be used until the magnetic indicator 
reverts to black. As speed is increased above O · 85M + 0 · OlM ~ 
the auto-mach trimmer should provide a progressive nose-up 
trim force. The indicator should indicate white (OUT). 

(c) (i) Depending on orders in force, up to five PFCU's · may be 
selected OFF during flight for training purposes only. It is 
recommended that only one PFCU to each control surface is 
switched OFF at any time. 

(ii) The auto-mach trim may be switched off for training pur
poses bm speed should not exceed O · 90M whilst it is selected to 
OFF. 

Malfunctioning of the Powered Controls and 
Tl'immers 

15 " Q " foe) unit failure 

Feel failure warning is not incorpora ted since the system is 
mechanical and it is unlikely that failure will occur. If failure 
occurs, the control forces will be light and overstressing of the 
aircraft by over-application of elevaror or rudder could easily 
result. At the higher speeds and mach numbers the aileron jacks 
will stall and so limit the amount of aileron that can be applied 
irrespective of the movement of the handwheel. The controls must 
be used with care above 180 knots, and large deflections must be 
avoided at any speed. The elevaror must be moved slowly and 
cautiously with frequent reference to the accelerometer to avoid 
exceeding the G limitations. 

16 PFCU failures 

(a) If a sub-unit failure warning lighc on panel AZ comes on and/ 
or the associated magnetic indi·cator at the AEO's station shows 
white, the associated switch should be put off. 

(b) If a sub-unit failure i. caused by a valve jamming, the first 
subsequent movement of the control will require the application 
of more force than usual. The additional force applied will 
operate a " break-link" to isolate the jammed valve and thereafter 
the control forces required will be normal. 
(c) Pre-Mod. 828 (PFCU's fitted with pressure-off brakes) no 
significant effects will be noticed on the handling characteristics at 
any speed within the limitation if a sub-unit fails. On aircraft fitted 
with pressure-off brakes, rudder or elevator sub-unit failure will 
have no noticeable effect on the handling of the aircraft, bu t in the 
case of aileron sub-unit failure the ai leron angle which can be 
applied will be progressively reduced as mach number increases. 
At the maximum permirted mach numher, 0 · 95M, only very 
small aileron angle. will be achieved, and above chis limit, the 
ailerons will be virtually immovable. Additional aileron control can 
be obtained by compressing an over-crave! sp ring l ink, but the 
forces involved are extremely high and if the wing with the 
inoperate sub-unit is allowed to drop, it may require the maximum 
combined effort of both pilots to raise ir. Control at high airspeed 
(low mach number) and on the circuit and landing is normal. 
Handling characteristics with two aileron sub-units inopera tive are 
similar. If an aileron sub-unit fails, therefore, speed must be 
reduced to below O · 9M. 

(d) Complete aileron or eleva'or power unit failure 
(i) If a complete aileron or elevator power unit fails, adequate 
control remains for gentle manoeuvres, approach and landing. 
Control forces are higher than normal and it is advisable to have 
both hands on the control column for approach 'lnd landing. 
(ii) If an aileron unit has failed, the landing may be made using 
normal technique provided chat due caution is exercised and 
that conditions are favourable, but some increase in approach 
speed is advisable if appreciable turbulence or crosswind exists. 

(iii) If an elevator unit has failed only gentle manoeuvres should 
be performed. The landing should be made using take-off flap 
and the normal threshold speed for the AUW hould be increased 
by 20 knots. 
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17 Overheating of a PFCU 

If an overheat magnetic indicator goes white during flight, switch 
OFF the affected PFCU. When the indicator goe black, wait 
approximately 5 minutes and re-select the PFCU to ON. If the 
indicator again goes white, switch OFF and leave OFF. 

18 Failure of a control trimmer 

If a trimmer fai ls to respond to a trim selection, make no fur ther 
selections of that control, un til the appropriate circuit breakers 
have been checked. The alternative elevator trim actuator may be 
used if necessary, i.e. if the 1st pilot's control column trim control 
or the 2nd pilot's console trim control has failed, use the 1st pilot's 
console trim control or the 2nd pilot's control column trim control, 
and vice-versa. 

19 Yaw damper failure 

Failure of a yaw damper may be indicated by yawing oscillations 
or by a yawing trim force. Switch OFF the yaw damper, trim as 
required and switch O the standby yaw damper. 

20 Auto-mach trim failure 

The auto-mach trimmer may fail by sticking in one position of 
actuator extension, or by the actuator moving to its full travel of 
extension or retraction. The first fai lure will be indicated by a 
gradual change from a nose-up trim force to a nose-down trim 
fo rce as speed is increased in the opera tive speed range. The 
second fai lure will be indicated by a sudden nose-up or nose-down 
trim change. 

Reduce speed to O · 85M or below, and if necessary retract the 
actuator in small increments by selecting the cont rol switch to 
RESET in short " blips". If the Mach trim indicator remains 
black (in) when flying in the operative speed range, do not increase 
speed above O · 85M. 
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1 General 
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(a) The Sapphire .M.k. 202 or Mk. 207 engines are each rated at 
11,000 lb. static thrust at sea level. T he main engine system 
include: -

Electric starting (see para. 3) 
Relighting facilities (see para. 4) 
High-pressure fuel system (see sub-para. (b)) 
Self-contained oil system (see sub-para. (c)) 
Anti-icing ( ee sub-para. (d) and Part I, Chap. 9, Para. 5 which 

deals with air intake anti-icing) 
Automatic JPT controls (see sub-para. (e)) 

(b) High pressw·e fuel purnps 

A single variable-output HP pump is fitted to each engine. Delivery 
from each pump is regulated by a maximum speed governor a 
barometric flow control unit and an air /fuel ra tio control. The 
maximum speed governor i sensitive to jet pipe pressure and 
with reducing pressure reduces max. engine speed to prevent the 

Illustrations 
Engine anci-icing 

T h rot tle con trols 

Fig 

I 

2 

JPT exceeding the limits. The BFCU maintains selected engine speed 
under conditions of varying altitude and airspeed. The A/FRC 

comes into action only during periods of rapid throttle opening to 
prevent the possibility of compressor stall . 

(c) Oil systern 

Each engine has one pressure and three scavenge pumps which 
maintain a continuous circulation through an oil cooler to the 
engine bearings and gears. The engine oil rank capaci ty is 18 pints 
of oil with 6 pines air space. 

( d) Engine anti-icing 

( i) The inlet guide vanes, atr intake struts and starter motor 
fairing of each engine are heated by hot air from the engine 
centre section. Control of the hot air upply to each engine is 
by means of 4 four-position OPEN/CLOSE/HALF-OPEN/ 
A TO switches, on panel AD, which acmate the hot air valve 
shutters . When Mod. 2007 is embodied the AUTO switch 
position is inoperative. 
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HOT AIR \'.\LVf 

Al~ lNlAl<S STF1UT 
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STARTER MOTOR lNl.ET GUIDE 

FAIRINC VANES 

Fig. 1 Engine Anti-icing 

VAL.V£ ?0SITION 
SWITCH UNIT 

(ii) With the switch in the AUTO position control of the system 
is by the ice detector relays which, when energised, cause the hot 
air valve shutter to move from the closed to the half-open 
position. When icing conditions no longer exist it will be 
necessary to select CLOSE to switch off the system. 

(iii) The 28-volt DC supplies to the system are from feeders 
7P7 (Port engines) and 10P7 (starboard engines) on panel AH. 

(iv) The leading edges of the engine air intakes arc kept free of 
ice by the airframe anti-icing system. 

(e) Automatic JPT control system (Mk. lA only) 

(i) A three datum JPT control system is embodied to maintain 
constant JPT at the Intermediate (98 %) and Maximum 
Continuous (96 %) engine speed ratings and to limjt the 
maximum JPT to 660° C. A three-position TAKE-OFF /CLIMB/ 
CRUISE, ratings selector switch is fitted on panel AZ and four 

ORMAL/OFF isolating switches, one for each engine, are 
fitted below the 1st pilot' side window. 

(ii ) With the selector switch set to TAKE-OFF the system will 
limit the maximum JPT to 660° C + 13 and engine speed at full 
throttle is controlled by a fuel governor trimmed as necessary by 
the JPT control. Any other desired operating condition can be 
obtained by normal movemenc. 

NOTE: With the isolating switches set to OFF or if the jpL control system 
fails, engine speed is controlled entirely by the fuel pump governor and 
take-off power is ensured by a ' fail safe ' device. 

(iii) After rake-off, with the isolating witches all ON, selection 
of the switch to CLIMB trims the fuel governor to ensure that 
the JPT is maintained at 625 ° C : 1~ . Engine speed i thereby 
adjusted without any throttle movement from fully open. 
Similarly, subsequent selection of CRUISE further trims the 
fuel governor to maintain 600° C : 18 , again without throttle 
adjusunent. 

NOTE: In both CLIMB and 'CRUI, E conditions, thronle control is 
normal if power settings below those selected are required. 

(iv) Setting any of the isolating switches ro OFF isolates the 
JPT control of the associated engine which must then be con
trolled by throttle manipulation. 

2 Throttle/HP cock controls 
(a) A throttle quadrant, containing 4 interconnected combined 
throttle lever/HP cock controls is fitted on each pilot's console. A 
throttle damper mechanism is fitted only to the 1st pilot's control 
box, but it can be operated by the 2nd pilot through a system of 
cables. A damper-operating lever is outboard of each throttle 
quadrant. 

(b) Each throttle lever ha two stages of travel ; the initial 5° 
movement forward actuates a micro-switch to open the electrically
actuated HP cock. Before any forward movement can be obtained a 
gate must be released. Once forward of the gate if it is desired to 
close the HP cock the gate must again be released before the lever 
can be returned. 
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Fig. 2 Throttle controls 

(c) The gate release mechanism is fitted only to the 1st pilot's 
quadrant but is controllable from either quadrant by means of a 
spring-return switch at the rear of each throttle box. A manual 
override lever, on the 1st pilo t's quadranc is fitted to meet the 

~ case of electrical failure. Mod 3645 introduces a guard to the 
mechanica l trip lever to prevent .inadvertent operation. 

(d) C ircuit breakers one for each engine HP cock, are on panel AJ. 

(e ) Mod. 4020 introduces a vi ual indicator for the throttle gate 
lever. A white knob replaces the black knob on the lever and a 
second knob is provided at the inner face of the sleeve guard. 
When aligned the knobs provide visual and feel indication to the 
1st pilot that the gate is engaged. ~ 

3 Starting system 

(a) The starting controls arc all grouped on the roof panel AL. 
The starter master circuit breaker is on panel AJ. Starting is 
effected by an electric starter motor which rotates its associated 
engine until light-up occurs and the engine becomes self-sustain ing. 
For ground starting an external electrical supply is normally to 
be used. 

(b) The starting controls comprise: 

(i) An ignition isolation swi tch 
(ii) A starter motor isola tion switch 
(iii) An engine start elector 
(iv) A 3-position starter master switch; INT /GROUND/ 
FLIGHT 
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(v) A starter pushbutton 

(vi) A starter warning Hght 

(vii) A starter circuit breaker 

(c) With the battery master, ignition and starter mocor isolation 
switches ON, the appropriate engine selected, the starter master 
switch set to GROUND (I T for starting without an external 
electrical supply) the HP and LP cocks OPEN and booster pumps 
ON the starter warning light will come on 3 seconds after the 
starter pushbutton is pressed. 

(d) Initially the starter motor runs at low speed to ensure mooch 
engagement. The electrical current also cause the time switch to 
wind up and run. The speed of the starter motor is then progres
sively increased until it reaches full peed. After about 20 seconds 
the starter pushbutton hold-in solenoid is de-energised, at which 
time the engine should have reached a speed of about 17 · 5%. 
When the engine speed reaches approximately 30 c;c RPM the next 
engine can be selected and started provided that a time of 36 
seconds has elapsed from first pressing the starter pushbutton. 
The ST ARTER WARNING light then goes out. 

(e) Irre pcccive of whether the engine has lit or not the time 
switch de-energises the circui t after 30 seconds running time and 
then runs for a further 6 seconds to reset the starting circuit. 

• (j) A mechanical interlock between the engine start selector switch 
and the pushbutton ensures that a further engine selection cannot be 
made until the existing starting cycle is completed. ~ 

4 Relighting system 

A relight button is incorporated in the top of each throttle lever 
on both quadrants. When pressed, with the starter master switch 
at FLIGHT each one completes the circuit to the igniter plugs of 
the associated engine. 

5 Engine instruments 

Oil pre sure gauges one for each engine, arc fitted on panel A. 
A percentage calibrated engine speed indicator for each engine, 
together with its associated jpt gauge below it, are also on panel A. 
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Description, Controls and Indicators 
1 General 

Parn. 

1 
2 
3 
4 
5 

6 
7 

Disturbances to the aircraft flight path are picked up by three rate 
gyros, mounted at right angles to each other on a platform. The 
gyro signals pass through amplifiers to the servo-motors in each 
control run. As a safety measure a rorque limiter is fitted in the 
elevaror and rudder circuits and this automatically disengages the 
whole auto-pilot if too great a load is applied to either control. 
A roll error cut out disengages the auro-pilot when a certain 
undemanded bank angle is reached, excepting when flaps are 1 ° 
or more down when it is inhibited. 

2 Controls 

(a) Mk . IA aircraft 

(i) The auto-pilot is operated from a control unit 011 panel AT 
and is monitored from the Mk. 4B compass master indicaror. 

U se in fligh t 
Auto I LS approach 
U se of the auto-pilot under asymmetric condi tions 
U nselected engagement 

IJlustrations 

Aulo-pilot equipment . 
Auto-pilot control panel 

Para 

8 
9 

10 
11 

Fig. 

2 

The heading selector is on the 1st pilot's console AE and a trim 
indicator is fitted on the 1st and 2nd pilot's panels AA and AB 
respectively. 
(ii) The control unit has the following switches and indicators 
located on it : 

POWER switch and associated READY magnetic indicaror 

ENGAGE switch and associated IN magnetic indicator 

Rudder, aileron and elevator channel switches 

Trim indicator 

BOMB swi tch (NBS) 

TRACK switch 

GLIDE switch 

Height lock switch marked ALT 

Turn control switch 

Pitch control switch marked CLIMB-DIVE 
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(b) Mk. 1 aircraft 
(i) The headina selector is on the pilots' centre panel A and 
there are two control units, one on the 1st pilot's console AE 
and the ocner on panel AT. A remote trim indicator is also on 
panel AT. 

(ii) The control unit on console AE bas the following switches 
and indicators: 

POWER switch and READY magnetic indicators 
E GAGE switch and I magnetic indicator 
Rudder, aileron and elevator channel switches 
Trim indicator 
Bomb switch 
Track switch 
Height lock switch 
Glide switch 

(iii) The control unit on panel AT has the following switches: 
Turn control switch 
Pitch control switch 

(c) In each aircraft the rudder, aileron and elevator switches are 
conventional two p03ition (IN forward) toggle switches. The pitch 
control switch is a multiple switch spring-return co centre-off and 
the turn control switch is a pointer knob which operates the wiper 
arm of a potentiometer. The remainder of the switches are of the 
pull (on)---push (off) type electromagnetically held in when 
operated. 

3 Control unit function 
(a) POWER switch 
When the POWER switch is pulled "on " the READY magnetic 
indicator show white after a period of approximately 60 seconds, 
indicating that the auto-pilot is ready to be engaged with the 
aircraft control . The power switch should be pulled ON as soon 

• as possible after ra ke-off to allow the maximum rime for the 
auto-pilot co stabili e before being used. Mod. 3149 (BC Mod/ 
Victor/04) provides a guard ta prevent inadvertent tripping of 
the button when panel AT is in the extended position. ~ 

(b) ENGAGE switch 
When the ENGAGE switch is pulled ' on" and all three channel 
switches are I the white indication disappears from the READY 
indicator and a black and white striped disc shows at the I 
indicator · this confirms that the auto-pilot is engaged. If any 
control channel remains disengaged, the READY indicator remains 
exposed and both READY and I discs are visible. 

(c) Channel switches 
If one channel remains engaged (IN), the remaining channel(s) 
may be engaged by setting the appropriate channel switch(es) to 
the IN position. If all three channels are disengaged, the auto-pilot 
is disengaged completely, the E GAGE switch returns to the 
"off" position, the IN disc disappears and the READY disc is 
visible. To re-engage the auto-pilot, set at least one of the channel 
switches to IN and pull "on" the E GAGE switch. 

(d) Pilot's cut-out switches 
If either the 1st pilot's or 2nd pilot's cut-out switch is operated, the 
auto-pilot is disengaged and the ENGAGE switch returns to the 
"off" position, the IN indication disappears and the READY 
indication is visible. 

(e ) Turn control switch 
The aircraft can be turned at a pre-set bank by selecting the angle 
on the control knob. The knob remains at the selection and the 
aircraft maintains the bank until a different angle is selected, or 
the control knob is returned to the central position. 

(f) Pitch control 

The pitch control is operated in a natural sense, i.e. moving the 
switch forward produces nose-down pitch and vice-versa. The 
toggle is spring-loaded to the centre (off) posit ion and movement 
is oppo ed by two spring ra tes. Initial movement against a weak 
spring produces a slow rate of change of aircraft attitude and 
further movement which is against a stronger spring causes a fasr 
rate of attitude change. 
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4 G switch 
The G switch is on the centre leg of the navigator's table and, when 
operated, djsengages the auto-pilot from the main control systems. 
The switch incorporates test and reset buttons for manual operation 
during functional testing of the auto-pilot system. 

Fig. 2 Auto-pilot control panel 

5 Heading selector 
The heading selector comprises a compass repeater and a pre-select 
tum engagement button. If the track switch on the control unit is 

OFF. courses are pre-selected on the heading selector and the 
aircraft turns ro the heading when the pre-select tum button is 
depressed. The angle of bank is restricted to 30 degrees. With ILS 

on, the runway heading corrected for drift is pre-selected before 
pulling the track switch on. 

Management and Malfunctioning of the 
Auto-Pilot 

6 Auto-pilot limitations 

Provided Mods. 666, 781 and 957 are incorporated the auto-pilot 
is cleared for use, bur the following limitations must be observed: 

(a) General 

(i) The auto pilot must not be used below 1,500 feet above 
ground level except on the ILS glide path. 

(ii) Maximum speed: 330 knots/0 · 9M. 
'OTE; If short period osci llations (2 seconds) occu r above O·SSM the 

auto-pilo t must be disengaged and is not Lo be re-engaged above O·SSM. 

(iii) Minimum peed : 

Above 30,000 feet O · 83M 
Below 30,000 feet No limit 

(iv) The maximum bank angle must not exceed 30° . 

(v) One pilot must be firmly strapped in at all ti.me when the 
auto-pilot i in control. 

(vi) Longitudinal trim must at all times be maintained within 
+ 1 division of neutral on the special trim indicator. 

(vii) Before engag1ng the auto-pilot, the auto-mach trimmer must 
be switched OFF, the ewark srand-by yaw damper must be 

• switched to ST AND BY and the Hobson main yaw damper must~ 
be switched O . The stand-by yaw damper must not be used in 
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lieu of the main yaw damper; if the laner is unserviceable che 
auto-pilot may be used wirhouc yaw damper assistance wich 
some deterioration in performance. 

(viii) Coupled ILS approaches may be made co an AAL of 250 
feet above runway level. 

(b) NBS coupling 

Direct and off er coupled NBS bombing attacks may be made 
provided tha t the speed does not exceed 330 knots or O · 85M. 

7 Pre-flight checks 

Ensure that the os. 2 and 3 type 350 inverters are on, that one 
set of PFCU's are operating and that the yaw dampers are at 
ST AND BY. Set the R, A and E channel switches to IN, pull up 
the POWER knob and check that the READY indicator shows 
white after approximately 45 seconds. Check that the flying controls 
are central, tha t the trim load indicators are in the green sector, 
that the flaps are fully retracted and that the au to-pilot turn control 
switch is cemral. Pull the E GAGE swicch and check that the 
IN indicator shows black and white stripes and the READY 
indicator shows black. Press lightly on all three controls to check 
proper engagement. Carry out the following checks of operation : 

(a) Check for aileron drift and neutralise by turning the Mk. 4B 
compass. Disengage the auto-pilot, re-synchronise the Mk. 4B 
compass and re-engage. 

(b) Switch out each channel in turn and check that the READY 
indicator shows white in addition to the IN indicator showing 
black and white stripes. Check the freedom of control of the dis
engaged channel and that the other channels remain firm. Re-engage 
and check that the READY indicator shows black. 

(c) Check the operation of each pilot's instinctive cut-om; re
engage. 
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(d) Check the operation of the elevator and rudder torque cut
outs by applying steadily increasing force to the elevaror and 
rudder conrrols in each direction in turn . Re-engage after each 
operation. Pose-Mod. 2657 movement of the flaps away from the 
fully-up position inhibits the operation of the roll -error cut-out and 
the rudder exces torque cut-out. 

(e) Check that movement of the pitch control produces movement 
of the control column in the correct sense, and corresponding 
movement of the trim indicator. The control column may continue 
to move very slowly for a short time after releasing the pitch 
control switch. 

(f) Check that operation of the bank control in each direction in 
in curn causes corresponding movement of the control column. 
Check that maximum movement in each direction causes disen
gagement through operation of the roll-error cut-out. Re-engage. 

(g) Switch off all three channels and press in the POWER switch. 
Re-set all controls co the take-off position. Switch off PFCU's: 

8 Use in flight 

(a) T o engage the auto-pilot 

(i) Pull on the POWER switch and wait approximately 60 
seconds for the READY magnetic indicator to show white. 
Check that the three-channel switches R, A and E are switched 
IN. Check that the trim indicators are within the green sector~ 
Trim the aircraft to fly hand and feet off in the desired flight 
anitude and then pull the engage switch. 

NOTE : If the trim indicators are outside the green sectors, the auto-pilot 
must not be engaged. 

(ii) Check that the IN magnetic indicator shows black and 
white stripes and the ready indicator shows black. 
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(b) To tum ihe aircraft 

Rotate the turn control knob to the bank figure required; return 
the knob towards the central po irion as the new heading is 
reached. During prolonged rurns rhere will probably be some loss 
of datum, with the result that when the turn knob is returned to the 
central position, the aircraft may over or under bank before finally 
assuming level flight. It is not necessary to re-set the head ing 
selector, except where specified iu (e). 

NOH: If the auto-pilot is engaged whilst the bank control knob is in any 
position other than central, th'is control will be inoperative unt il it has 
first been returned to the central position. 

(c) Climb or descent 

Move the pitch control fore or afr as required to achieve a change 
of pitch attitude, release the control to maintain the new pitch 
anirudc, then re-trin1 the aircraft. Two rares of change of attirude 
are available. Initial movement of the pitch control against a weak 
spring will bring a slow rate into operation, while further move
ment against a stronger spring will bring a fast rare into operation. 

(d) Manual operation of one or more control surfaces 

The rudder and aileron channels may be temporari ly disengaged, 
in straight and level flight only, in order to permit the rim of rhe 
control surfaces to be checked bu t in no circumstances should a 
turn be initiated with the aileron channel di engaged. Should any 
one of the channels of the auto-pilot become inoperative due to 
some unknown defect, all channels should be immediately dis
engaged and the POWER switch set off. Disengage the channel 
or channels required by selecting off the appropriate switch or 
switches. To resume automatic control of the disengaged channels 
(if not more than two) select the appropriate channel or channels 
IN by the channel switch or switches. If all three channel switches 
have been selected off it will be necessary to re-engage by pulling 
out the ENGAGE switch when all three channel switches are IN. 

( e) Use of the heading selector 
The beading selector can be used for : 

(i) Executing pre-selected rums. A desired heading can be pre
selected by the course setting pointer and the aircraft can be 
turned on to that heading by pressing the pre-select tum button 
for ar lease one second. 

(ii) Monitoring the aircraft heading in the TRACK and GLIDE 
phase of an automatic approach. The heading of the runway 
should be pre-selected with drift allowance and the TRACK 
switch on the control unit then pulled. When the track switch is 
pulled the bank control is inoperative. 

·orE: The bank control wil l override a pre-selec ted curn at any time. 

(f) Barometric height control 

To engage the height lock pull the ALT switch at the desired 
altitude. With the height lock selected the pitch control will be 
rendered inoperative at the slow-rate position in either direction. 
To remove the barometric height control push off the ALT witch. 
NOTE: When engaged, the heigh t lock switch will automatically releaoe 
to off if the elevator channel switch is selected off, or if the pitch control 
is moved to the fast-rate position in either direc tion. 

(g) Disengaging the auto-pilot 

To disengage, press either cut-our button on the control columns. 
Do not push off the power switch if the auto-pilot is to be used 
again, otherwise it will be necessary to carry out the procedure as 
in (a) above, ins tead of merely re-selecting the E GAGE switch 
on. Alternative means of disengaging the auto-pilot is to push off 
the ENGAGE switch on the control unit, or to witch off the 
three channel switches. 

9 Auto ILS approach 

(a) The initial ILS approach is assumed to commence at a point 
approximately 10 to 15 miles from the runway d1reshold. Approach 
to this position may be from a high level or low level pattern; 
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either may be flown manually or on normal auto-pilot control a 
required. Select the required ILS frequency, and identify the beacon. 
If the auto-pilot is not already in use, press the POWER knob, 
check that the READY indicator hows white and select the R, A 
and E switches IN before reaching the check height. 

(b) At check height, or on the downwind leg, lower the under
carriage and flap as required and trim the aircraft at the pattern 
speed for the AUW. Engage the auto-pilot and pull the ALT switch. 
Set the runway heading corrected for drift on the heading selector. 
Check that the IL indicator warning flags have disappeared. 
When at an angle of less than 170 degrees from the final approach 
heading pull the TRACK knob on the auto-pilot. The aircraft 
should approach the beam at an angle up to 70 degrees co the QDM 

and turn gradually onto the centre line, possibly with one slight 
overshoot. Make any corrections co drift setting on the heading 
selector necessary to maintain the aircraft on the beam centre line. 

(c) As the aircraft approaches the glidepath and the glidepath 
needle indicates half deflection, select full flap, retrim and set 
the power required to maintain the correct speed on the final 
approach. When the glidepath needle reaches the top of the circle 
pull the GLIDE switch. The speed should be held constant by use 
of throttles throughout the approach and the trim indicators 
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monitored frequently. The flight instruments and the ILS meter 
should be scanned a for normal instrument approaches to 
detect any malfunction of the auto-pilot. Should any malfunction 
be suspected, the auto-pilot should be tripped immediately, and 
the approach continued manually or broken off as required. The 
approach must be discontinued if the glidepath or localiser needles 
reach full scale deflection before the break-off height. 

(d) When the break-off height i reached the auto-pilot must be 
tripped and the approach completed manually. If the recommended 
approach speeds have been used, no difficulty will be experienced 
in landing normally on the ILS touch-down point. 

10 Use of the auto-pilot under asymmetric conditions 
Di engage the auto-pilot retrim the aircraft and re-engage the 
auto-pilot. 

11 Unselected engagement 

Should there be an unselected engagement of the atuo-pilot, or if 
the auto-pilot fails to disengage, the cut-our must be held in while 
the channel switches are set off and the POWER switch pushed in. 
The auto-pilot must then be regarded as unserviceable. 
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Part I 

Chapter 8-Air Conditioning System 

List of Contents 

De.'icription, Controls and Indicators 

General 
Controls and indicators 
Flood Aow control 
Ram air ventilation- unpressurised flight 
Cold-air unit bypass (Mk. lA aircraft) 
Cabin decompression . 
Circuit breakers 
Windscreen de-ici ng and de-misting 

Description, Controls and Indicators 

1 General 

Para. 

1 
2 
3 
4 

5 
6 

7 
8 

Air for pressurising and conditioning the cabin is tapped from each 
engine compressor. All components of the system are installed 
beneath the cabin floor. Two pressure controllers are mounted in 
the cabin. On top of each is a wire-locked pressure adjusting knob 
and a ground test lever. The latter must be set fully down for 
flight conditions. 

2 Controls and indicators 

The controls and indicators for the system with the exception of a 
circuit breaker on panel AJ are all on the 2nd pilot's side panel 
AD as follows : 

Management of the System Para. 
Controls se'lection 9 
Control of cabin temperature IO 
Control of cabin pressure 11 

Ma1functioning of the System 
Loss of cabin pressure )2 
Automatic cabin depressurisation (post-Mod. 891) 13 
Emergency depressurisa tion 14 

Illustration Fig. 
Ai [-conditioning controls and indicators 1 

(a) Four OPEN/CLOSE ENGINE BLEED ISOLATION 
COCKS switches, one for each engine, control the supply of air 
for the system and for the anti-icing system. 

(b) Two OPEN/Cl.JOSE PORT AND STBD. CABIN AIR 
ISOLATION cocks, one for each pair of engines control the 
supply to the pressure ratio control valve and the temperature con
trol valve and thence to the cabin. 

(c) The CABIN PRESSURE control switch has three posmons, 
CRUISE/COMBAT/UNPRESS. With it set to CRUISE the 
pressure controllers, one of which bas two different settings, main
tain a constant cabin altitude of 8,000 feet at all altitudes above 
8,000 feet until a maximum differential pressure of 5 PSI on Mk. 1 
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or pre-Mod. 2368 Mk. IA aircraf is reached (23,000 feet approxi
mately). Post-Mod. 2368 the maximwn differential pressure is 
8 PSI (38,500 ft. approximately). Above that height the pressure 
differential remains constant and the cabin altitude will increase. 
With the swi tch at COMBAT the variable controller is set to 
maintain 25,000 feet cabin altitude; at altitudes below 25,000 feet 
ambient conditions are maintained. When set to UNPRESS a 
discharge valve is opened to dump cabin pressure. 

(d) The temperature of the cabin air is controlled by two switches, 
the CABIN TEMPERATURE MASTER and SET ING 
switches. The Master switch permits the selection of AUTO, off 
and MANUAL, COOL or WARM and the SETTING switch, 
which is for use with the MASTER switch at AUTO, auto
matically varies the temperature between COOL, ORMAL and 
WARM. The MANUAL COOL and WARM positions may be 
used for manual control of cabin temperatue. The switch must be 
held to either position; when released it reverts to the off posi
tion. Above the MASTER switch is an indicator which shows the 
position of the temperature control valve between WARM and 
COOL. Above the SETTI G switch are two warning lights, an 
amber one marked MAX. HEAT and a red one marked OVER
HEAT. 

(e) A cabin altimeter is provided on the second pilot's instrument 
panel AB. A warning light on the 1st pilot's side panel comes on 
if cabin pressure falls by approximately ½ PSI from the selected 
value when the control switch is set to CRUISE only. Red warning 
lights are at each crew ration except the 2nd pilot's and prone 
bomb aimer's. 

(j) In addition to the warning light a warning horn sounds if 
cabin pressure exceeds 42,000 feet. The warning can be silenced 
by operation of the HORN OVERRIDE switch on the 2nd pilot's 
side panel AD. 

~ (g) Mod. 3817 (B.lA and B(K )lA) or Mod. 3929 (B(K) l ) 
provides a cabin differenrial pressure gauge on panel BF or CAG 
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respectively to give an indication of prevailing conditions to rear 
crew members. ~ 

3 Flood flow control 

(a) The MASTER FLOOD FLOW AUTO/MANUAL switch 
controls the flood flow system. The switch is held at A TO by a 
spring-loaded gate. Wirh the switch at AUTO flood flow is auto
matically selected should cabin alcitude rise above 27,000 feet. 
When the gate is raised the switch may be set to OFF (central). 
The MANUAL setting of the switch is either to FLOOD (left) 
or LESS AIR (right). By judicious use of these two positions the 
cabin pressure can be maintained to a reasonable degree. The 
switch must be held to either position, if released it springs to the 
off position. 

(b) A magnetic indicator shows white whenever the flood flow 
system is in operation. 

(c) A guarded RESET switch is provided to reset the flood flow 
control after u e, with the flood flow switch OFF. 

4 Ram air ventilation- unpressurised flight 

(a) Two ram air intakes are on the port and starboard sides of the 
nose respectively. The port intake is primarily for supplying air to 
the heat exchanger unit in the air-conditioning system and the 
tarboard one for cabin ventilation. 

(b) On Mk. lA aircraft ram air for unpressurised flight is intro
duced by a manually-operated lever, fined on the structure out
board of rhe Nav./Radar operator, which controls the starboard 
ram air valve via a bowden cable. 

(c) On Mk. 1 aircraft, ram air may be introduced by setting the 
RAM AIR VALVE OPEN/CIJOSE switch to OPEN. A position 
indicator is situated above the switch and shows all positions 
between OPEN and CLOSE. The cabin cannot be pressurised 
unless the switch is at CLOSE. 
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5 Cold air unit bypass (Mk. lA aircraft) 

When Mod. 908 is embodied a cold air unit bypass is fitted and 
controlled by a CA BYPASS, IN/0 T switch on panel AD, 
adjacent to the cabin air isolation cocks switches. When the switch 
is set to O T, the CAU is bypassed. 

6 Cabin decompression 

In an emergency and if the aircraft is to be abandoned cabin 
pressure can be released by any one of the following controls: 

(a) The EMERGENCY DECOMPRE SION switch on the 1st 
pilot's panel AC when moved upwards. 

( b) The cabin pressure control switch when set to PRESS. 

(c) The crew dump control above the main entrance door when 
pulled downwards. 

(d) The ABANDO AIRCRAFT warning switch when set O , 
if Mod. 891 is embodied. 

7 Circuit breakers 

Circuit breakers for the cabin ventilation control, cabin temperature 
control, cabin temperature overheat warning, air-conditioning 
isolation and ram air valve circuits are positioned on panel AV. 
On panel AH are two te8t switches for testing the cabin temperature 
balance bridges. 

8 Windscreen de-icing and de-misting 

(a) De-icing 

The 1st and 2nd pilots' windscreens and ov panels are electrically 
heated. Each pilot has an OFF/ A TO switch, a DEMIST /DE
ICE switch and a ORMAL/OVERHEAT/DE-ENERGISED 
magnetic indicator. 

(b) D emisting 

A WINDSCREE DEMISTER OPE /SHUT control on panel 
AB can be used to supply de-misting air either to the pilots' 
windscreen (up) or to the downward observation windows (down) 
and provides reduced supplies to both in the intermediate position. 
Additionally Mod. 2023 introduces a control lever beneath 2nd 
pilot's panel AB which can be used to divert hot air to the pilots' 
feet or to the windscreen for heating purposes. 

(c) Windscreen wipers 

A windscreen wiper is on each pilot's front panel. Each wiper is 
actuated by a hydraulic pump driven by an electric motor through 
suitable reduction gears. The speed of each electric motor is 
controlled by its associated OFF /SLOW/FAST switch, one on 
each pilot' console, AE AF, aft. 

(d) Alcohol spray 

When Mod. 2357 is embodied an alcohol spray unit is provided 
for the 1st pilot's windscreen panels. Alcohol, sufficient fo r 30 
minutes continuous use, is contained in a 1 · 5 gallon reservoir. It 
is forced out by air pressure, controlled by a switch on the 2nd 
pilot's panel AF. 

Management of the System 
9 Controls selection 

(a) Before fiight 

(i) Before starting the engines set the pressurisation and air
conditioning controls as follows: 
Cabin pressure master 

(panel AJ) and all circuit 
breakers on panel AV . Closed 

Cabin pressure selector 
switch . Set to CR ISE or COMBAT as 

required 
Flood flow switch AUTO. Reset swicch OFF. Mag-

netic indicator black 
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Ram air 
(Mk. 1) 
lA) 

valve switch 
or lever (Mk. 

Cabin temperature master 

Operate ram air valve and leave 
a required 

(In hot weather the ram air valve 
may be put in the OPE posi
tion while taxying) 

switch . MANUAL 
Cabin temperarure setting 

switch . Mid-position 
Cabin air isolation cock 

switches CLOSED 
CAU bypass (Mk. lA) IN 

(ii) After the entrance door has been closed check or set: 
Emergency decompression 

switch . 
Dump valve control . 

(iii) After the engines have 
Engine bleed isolation cocks 

(b) Before take-off 
DV windows 
Ram air valve . 

NORMAL, safety lock engaged 
Up 

been started set: 
OPEN (the e selectors also control 

the supply of air to the anti
icing and bomb-bay heating 
systems and should normally be 
left on at all times during flight) 

~ Pre-Mods. 2548 and 2802B & C 
these cocks must remain closed 
until above 20,000 feet in the 
climb, unless a lower rate of 
climb is acceptable in which case 
air condirion'ing may be achieved 
below 20,000 feet by restricting 
one engine to 85 % RPM with its 
bleed isolation cock open. ~ 

Closed 
CLOSE 
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(c) After take-off 

Cabin air isolation switches 

Cabin Temp. master switch 
Cold air unit bypass swi ch 

(Mk. lA aircraft only) . 

~ (d) Descent 

OPEN (one during the two 
thousand feet checks, the second 
during the ten thousand feet 
checks) 

AUTO at ten thousand feet 

OUT (it should only be switched 
I if the cabin temperature 
becomes excessively hot) 

Pre-Mods. 2548 and 2802B & C no engine is to exceed 85% RPM 

when descending below 20,000 feet unless rhe associated engine 
bleed isolarion cock has first been closed. 

(e) Low flying 

Pre-Mods. 2548 and 2802B & C, to provide cabin air conditioning 
for low leve l flying it is recommended chat one engine is restricted 
to 85 ';'c RPM and its bleed isolation cock is opened. The other three 
engines can be used normally, but if the fourth engine bas to be 
accelerated above 5 o/r- RPM the bleed cock must first be closed. ~ 

(f) Before landing (Mk. IA aircraft only ) 

Cold air unit bypass switch IN 
NOH: When the ·temperature control valve indicacor needle has stablilised, 
the ten1peracurc sening switch may be used co ad jus1 the cabin temperature. 
Movement of the conm:il before the needle b:as stabilised will not a'ssisc in 
establishing the desired condition. 

10 Control of cabin temperature 

(a) Normally the temperature conrrol switch should be at AUTO 
and the temperarure adjusted by means of the setting control. If 
the red OVERHEAT warning light comes on, the temperature 
control valve will automatically revert to fully cool. The indication 
of the light is a failure of the automatic y tern. All subsequent 
control mu t then be by manual selection. 
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(b) Manual control is achieved by judicious use of the control 
switch between the COOL and WARM positions. If the amber 
MAX. HEAT warning light comes on, the temperature may be 
reduced by inching the conrrol switch to COOL until the amber 
ligh t goes out. If, when the amber light is on, further overheating 
occurs, the red light will come on and the system will automatically 
go to fully cold and remain there. 

(c) Only sufficient hot air to prevent misting should be direcLed 
onto the windscreen panels. Excessive heating may cau e panel 
cir-lamination. Surplus air should be directed away from the panels 
by selecting the WI DSCREEN DEMISTING control lever 
towards BOMB AIMER OPEN, and the PILOTS WIND
SCREEN HEATI G control lever toward PILOTS' FEET 
HEATING. It may be necesrnry to adjust the control setrings 
whenever engine power settings are altered, and particularly after 
a prolonged descent. Particular care must be taken to avoid 
excessive heating of the panels whenever the anti-flash screens are 
ficted . 

(d) During a descent the heating should be controlled to avoid 
transparency misting and not switched to full heat when misting 
occurs as thi may crack the transparencies. Until Mod. 779 is 
embodied do not descend through cloud with fully cold selected 
as tbis may cause failure of the cold air unit. During a descent 
the DV panel heating should be switched on. 

(e) Before descending to low level, in conditions of high humidity 
and temperature, the cabin should be refrigerated for about 20 
minutes using the CAU. 

11 Control o[ cabin pre sure 

The control switch should normally be set ro either CRUISE or 
COMBAT. U PRESS. should be selected if air-conditioning 
only is required. When the switch is set from COMBAT to 
CRUISE or vice versa the times taken to stabil ise the new con
dition are as follows : 

CRUISE to COMBAT 
COMBAT to CRUISE 

36 secona s 
51- to 6¼ minures 

Malfunctloning of the System 

12 Loss of cabin pressure 

(a) (i) When operating in CRUISE condicions, a red light at the 
crew stations (see 2(e)) gives indication if the cabin altitude 
increases by more than 2,000 feet. 

(ii) When operating in COMBAT conditions the red lights do 
not illuminate but the flood flow system is automatically brought 
into use controlling cabin altitude between 26,400 and 27 000 
feet. 

(iii) If the flood flow system is unsuccessful in preventing cabin 
pressure loss, the cabin altitude will continue to increase. When 
it reaches an equivalent to 42,000 feet the warning horn sounds. 
This warning may be silenced by operation of the cut-out 
switch on panel AD . A descent should then be made to a cabin 
altitude of 30,000 feet at which height the flight may be con
tinued. 

(b) Control of the flood flo w ,yslem 

(i) Normally the master flood flow switch should be set at 
AUTO, the FLOOD and LESS AIR settings providing a 
MANUAL means of operating the flood flow system. When 
the system is in operation a magnetic indicator adjacent to the 
switch shows white. 

(ii) To reset the system after use, or if it has operated inadver
tently, set the ma ter switch to OFF and hold up the RESE 
switch until the indicator shows black. T hen reset ·che master 
switch to AUTO. 

13 Automatic cabin depressurisation (post-Mod. 891) 
When the ABA DON AIRCRAFT warning light switch on the 
1st pilot's side is operated the dump valve solenoids are energised 
and rhe cabin depressurises at the same time the flood flow circuit 
is rendered inopera tive. 
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14 Emergency de-pressurisation 
(a) In an emergency the cabin can be de-pressurised by any of rhe 
following selections : 

1 t Pilot's ABANDON AIRCRAFT swirch 
(Post Mod. 891) . 

1st Pilo t's EMERGENCY DECOMPRES
SION swi tch 

CABIN PRESSURE selector . 

0 
EMERGE Y D -

COMPRESSION 
NPRESS 

AP -1506A & C-PN Pa rt I, hap. 8- Air-conditioning System 

Rear crew Dump Valve cperaring handle . Break wi re and pull 
down 

(b I The time taken to depressurise the cabin will vary according to 

the aircraft's altitude and rhe pressure differential selected. Above 
40,000 feet and with CR ISE selected (post-Mod. 2368), at least 
6 seconds should elapse between selecring depressurisation and 
opening the cabin door. All crew members should remain strapped 
in their seats until the door is open. 
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Part I 

Chapter 9-Airframe and Engine Air Intakes 

Anti~icing Systems 

Lisl of Contents 

General 
Contrvls and indicators-anti-icing ystem 
DV window demi sting (M od. 813) . 

1 General 

Para. 

1 
2 
3 

NOTE: Mod. 2820 renders the thermal anti- icing system inoperative on 
~ Mk. l aircraft. However, Mk. (K) 1 aircraft are fitted with ice protection 

systems to the Mk. l A and (K ) 1 A tandard. ~ 

A thermal anti- icing system, augmented by electricaliy heated 
mat , is provided for the engine air intakes and for the leading 
edges of the rnainplane, tai lplane, fin and elevators. The ho t air 
supply is from the same source as the cabin pressurising and 
temperature supply. The engine air intakes electric heating mats 
arc thermostatically controlled by sen ing units to ensure that the 
tcmperarnre of the area which they cover does no t exceed 150° C. 

2 Control and indicators-anti-icing system 
NOTE: The electrical supply w the ice detectors and heater mats is 
inoperative umil airspeed is above 105 knots, since the 28 V supply from 
feeder 20 P 7 is controlled by the undercarriage p itoc swi tch . 

Bomb-hay heating system . 
Management of the systems 

Para. 

4 
5 

(a) In order tha t the system may function the E GINE BLEED 
ISOLATION COCKS switche should alt be set to OPE . The 
system is then controlled by the following switches and indicators 
under the second pilot's control : 

1. An ICING CONDITION magnetic indicator which indicates 
when icing conditions are encountered. 

2. Three OFF /ON switches for the PORT and STBD. wing 
and TAIL, together with three OVERHEAT WAR ING 
magnetic indicators and three RESET-OFF switches. When Mod. 
769 is embodied the OVERHEAT warning indicators are replaced 
by warning lights. 

3. A magnetic indicator for each wing air exit shutter, which 
shows white when its associated shutter is fully open. 
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4. Three OFF /ON switches for the MAIN ENGI E air intake 
heater mats, the FRONT F SELAGE HEATERS and the 
A XILIARY (fin and wing) HEATERS. Each engine intake 
boundary layer and addle heater has a temperature sen ing dev ice 
and amplifier, which, when the switch i ON, cause the associated 
boundary layer heater to be switched on provided that the 
temperature is sufficiently low and switched off when the tempera
ture reaches a satisfactory level. The other two systems must be 
manually switched OFF. 

(b) (i) The ICING CONDITIONS magnetic indicator shows 
white when icing conditions are encountered. This is an 
indication to switch on the systems . When icing conditions cease 
to exist the ICING CO DTTION indicator reverts to black 
and indicates that the system may be switched OFF. 

(ii) When the PORT, TAIL and STBD. ANTI-ICING 
CONTROL switches are set ON, conditioned hot air is fed rn 
the thermal anti-icing system. In order to make the hot air 
upplies from the starboard engines available at the tailplane for 

anti-icing purposes, the navigator's bomb-bay heating switch 
must be selected to TAIL ANTI-ICING. BOMB-BAY 
HEAT! G. The O releccion of the PORT and STBD. 
switches also opens the wing air exit shutters. Conversely an 
OFF selection automatically closes the shutter . 

(ii i) If an overhear warning is given by any one of the three 
magnetic indicators the hot air valve i~ moved to the fully closed 
position and the cold air valve i fully opened. All air exit 
shutters remain open. Also in the case of a TAIL overhear 
warning the port isolation cock, in the supply lines to the tai l, 
closes. 

( iv) To reset any part of the system following an overheat 
warning, hold up the appropriate RESET switch. Thi action 
do es the cold air valve and he system is brought back into 
use again. 

(c) A test switch for the ice detector on panel AH, may be used to 
re t the system when the aircraft is on the ground . When held at 
TEST the switch provides a 28V supply from feeder 10P7. 

(d) Circuit breakers on panel AV are as follows: 
Tailplane anti-icing 1, normal control 

1, reset syste1n 
2, isola tion cocks 

Mainplane anti -icing l, per side, normal 
l per side, reset 

3 DV window de-misting (Mod. 813) 
(a) The DV window dem'isting system is operative and the electrical 
supplies for the heater element are taken from the 28V. DC picot 
controlled feeders. 

(b) The witches labelled WINDSCREEN HEATI G on the 
pilots' coaming panel AZ and the associated magnetic indicator 
have nothing to do with ov window demisting and do not control 
this ystem. 

(c) Circuit breakers on panel AV control the supplies to the ov 
windows, these must be made and the aircraft flying above 105 kts. 
before DV window demisting i operative. 

4 Bomb-bay heating system 
(a) General 
The bomb-bay heating system is designed to maintain a temperature 
of + 2° C. but provision is made to all w manual control within 
variable limits depending upon the type of store carried. The 
system will operate only if the starboard ENGINE BLEED 
ISOLATIO COCKS switches are set to ON. 

(b) Controls and indicators 

The controls are mounted on the navigaLor s side panel and consist 
of: 

(i) An OF /AUTO/COLD/HOT HEATI G CONTROL 
switch. 
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(ii) A COOL/NORM.AL/WARM. rotary TEMP. SETTI G 
CONTROL switch. 

(iii) A bomb-bay TEMPERATURE INDICATOR. 

(iv) A TAIL AN I-ICING BOMB-BAY HEATING/BOMB
BAY ISOLATED switch. The switch must be selected to 
TAIL ANTI-ICING, BOMB-BAY HEATI G. With the 
switch thus set tailplane anti-icing is also in use; with the switch 
set to BOMB-BAY ISOLATED the starboard isolation cock is 
closed, bomb-bay heating is inoperative and tail anti-icing is 
fed from the port engines only. 

(v) A magnetic indicator which shows white when the heating 
is off and black when it is on. 

5 Management of the systems 

(a) Control of the thermal anti-icing system 

(i) To switch on the system the following procedure should be 
used: 

Appropria te circuit breakers Closed 
on panel AV 

Engine isolation cocks . 
Anti-icing control switches 

ON 
ON. Exit shutter indicators 

white 

(ii) The thermal anti-icing system should be switched on in the 
following circumstances : 

1 During taxying and for take-off in conditions where the 
air temperature is below + 3°c and the relative humidity 
exceeds 909( . ~ 

2 If visual inspection shows ice formation on the windscreen 
and build-up of ice on the wing leading edges. 

(iii) If an OVERHEAT WARNING is given the affected 
section is automatically switched off. To bring the section back 
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into use, hold up the RESET switch when the indication should 
be cancelled. If a further warning is given switch OFF the 
affected system. 

(b) Cont.rol of the electric heater mats 

In conditions of (a) (ii) 1, the hearer mats may be switched on 
prior to take-off, the airspeed switch keeping them inoperative 
until a speed of 105 knot is attained. 

(c) Flying procedure during icing conditions 

NOTE: See also Part IV Chap . l, para. 8. 

(i) Climb 

Partial protection only is to be expected by climbing ar 300 
knots at 98 % RPM. Optimum protection is achieved at 250 knots 
at 98 % RPM. Decrease in forward speed will result in some 
range loss. A greater range loss may ensue from the increased 
drag, caused in severe icing conditions by rhe ice accretion on 
the outer wing. 

(ii) Descent 

1 The 208v variable-frequency power for the electrically
heated macs is normally upplied by the outboard engines and 
during descent under icing conditions it is important to keep 
No. 1 and o. 4 alternators in high power, and to keep RPM 

as high as possible to give maximum amount of heat for anti
icing the aircraft structure. During a descent under icing 
conditions where OAT is above - 10°c, descent should ,be 
made with os. 2 and 3 engines thrnctled fully back and 
Nos. 1 and 4 engines maintained at 80% RPM with air
speed controlled to 240 knots by use of air brakes. For 
temperatures below - 10°c the maximum continuous icing 
conditions will not extend through a layer of more than 
10,000 ft. Under these condition a rapid de cent at 300 knots 
should be made through the icing layer, so that time spent 
under these conditions should not exceed 1 ½ to 2 mins. Again 
Nos. 1 and 4 engines should be kept at maximum power 
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consistent with a forward speed at 300 knots, and os. 2 and 3 
engines throttled fully back. During a rapid descent under 
conditions below - 10°c some ice may build up on the outer 
wings and in the engine intake. Run back, due to incomplete 
evaporation, is likely ro occur down the engine intake and 
refreeze in rivulet form, which may break away and pass 
through the engine. After the descent, OAT should be 
approaching -10°c at let-down height of 2,500 feet and a 
normal landing should be made. 

2 The above procedures are recommended usin° power on 
outboard engines to provide heat for wing de-icing and to use 
the normal 208v supply for heating mats. If an outboard 
engine fails, the inboard engine should be used, ac as high 
power as possible, to provide the maximum amount of heat 
for anti-icing. Under these conditions the inboard alternator, 
which is normally at standby, will provide AC power for the 
electric heater mars. 

3 Cold weather icing tests carried out on Sapphire engines 
indicate that the engine can accept limited quantites of ice 

through tl1e compre sor wi thout affecting running, but after 
descent through severe icing conditions inspection of com
pressor blades should be carried out. 

~ (i ii ) Pre-Mods. 2548 and 2802B & C if thermal anti-icing is an 
operational necessity during climb to or descenc below 20,000 
feet normal drills should be followed and the occurrence reported 
in F.700. ~ 

(d) Control of the bomb-bay heating system 

(i) All bomb-bay heating controls are at che navigator's station. 
The system should normally be operated at A TO with a 
temperature setting suitable for the stores carried. Should the 
automatic system fail, the emperarure can be controlled manually 
by moving the heating control switch to HOT or COLD as 
necessary. 

~ (ii) Pre-Mods. 2548 and 2802B & C if bomb-bay heating is 
required either No. 3 or o. 4 engine bleed valve must be 
opened but that engine must not 0 xceed 85 % RPM . ~ 
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Part I 

Chapter 10-Aircrew Equipment Assembly and Oxygen System 
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WARNING : Both ejection seats must be rendered safe for 
parking, whenever the aircraft is on the ground, by inserting 

safety pins in the : 

Seat pan handle (Post-Mod. ES2158) 

Ejection gun firing unit sear 

Canopy jettison and time delay unit trip lever 

·Oxygen regulators conrrols and indicators 
Emergency oxygen 

Use of Aircrew Equipment Assemblies 
S1trapping-in procedurc~ pi lots 
Strapping-in proce·dure--rea,r crew static sears 
Strapping-in procedure-rear crew swivel sears 
'. 1o rma'l exit procedure 
Pressurisation failure 
Regulator fa'ilure 

UJustrations 
Ejecrion sear equipped (1 ) . 
E jection seat equipped (2) 
Leg restraint 
Ejection sea t occupied (1) 
Eject ion seat occupied (2) 

Canopy jettison firing unit sear 
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14 
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Control column snatch unit firing unit sear (Post-Mod. CJ 44) 

1 General 
The aircraft equipment assemblies consist of the seats, the flying 
and safety clothing and associated equipment, including oxygen 
connections. The description of these items and their use is covered 
in the following paragraphs. Ejection seats are provided for the 
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~ pilots and static eats for the rear crew members. Post-Mod 3295, 
swivel seats are fitted for the rear crew members and rhe siX'th 
sear i fitted with an assister usbion. ~ 

SV~ VlVAL PA.CK 5,ll)f,; 

OVICI\ · AEL(AS E 

Fig. 1 Ejection seat equipped (1) 

TYPE •9 • "'4k , 0 

PAA A(: Hl.f'f E 

MSEMl!ILY 

OXYC.E;N HOS.C 

CLl~D to 

Ejection seats 
2 Seats, general 

(a) The ejection seats, Mk. 3Ll for the 1st pilot and Mk. 3L2 for 
the 2nd pilot, are similar but partially handed. Each seat carries 
a Mk. 9 parachute assembly, Type ZF harness, a personal sUivival 
pack type R and emergency oxygen bottle. 

(b) The seat pan is adjustable for height, by means of a lever on 
the outboard side of the sear. The trigger in the end of the lever 
must be depressed before the height can be adj usted and, when 
released, locks the seat in the elected position. 

(c) A lean-forward lever forward on the inboard side of each seat, 
allows the occupant to lean forwards, by unlo king the attachment 
between the shoulders and the back of the seat. If the lever i 
released, the forward position can be held but, on sitting back 
again, the slack is automatically raken up and locked against 
renewed forward movement. 

(cl) The adjustable armrests are controlled by either of two levers 
on each rest, one at the forward end and one at the rear, on the 
side of the rest. 

3 Ejection gun and firing handles 

Each set is fitted with an 80 ft./sec. telescopic ejection gun, which 
can be fired by either of two handles ; he face creen firing handle, 
to which is attached a face blind, is above the occupant's head and 
is B-shaped. The seat pan firing handle for use in conditions of 
high G or when it is otherwise impossible tO reach the blind handle, 
i in the front of the sear. Either handle must be pulled to its full 
extent co fire the gun . Safety pins are provided, one for each 
firing handle. Mod. 3008 introduces a guard over the canopy 
jettison gun sear on the 1st pilot's ejecrion scat. 

4 Drogue gun 

The drogue gun bas a time-delay mechanism and fires half a 
second after the ejection gun has fired withdrawing the duplex 
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Fig. 2 Ejection seat equipped (2) 
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drogues to stabi lise the seat. The time-delay mechanism is operated 
by a static trip rod, which withdraws a sear from the gun as the 
seat rises on the rails. 

NOTE: Before flight, check cha t Lhe drogue withdrawal line (between the 
gun and the flap securing pin) passes over the black li fting line (between 
the scissors shackle and securing pi.n on the side of tbe head-box). 

5 Barostat/G-stop time-delay 

(a) A barostat-controlled mechanism delays automatic separation 
from the seat until it i below 10,000 feet. Below this height, the 
mechanism operates after a delay of 1¼ seconds, releasing the 
harness, and leg restrainc cords from the seat. Simultaneously, the 
drogues are detached from the top of the seat and the parachute 
pack and top of the face blind are also released. The drogues, 
however, remain connected to the apex of the parachute and with-

~ draw it upwards. A 5,000 metre capsule can be fitted for Aights 
over mountainous territory. ~ 

(b) A G-stop is al o incorporation in the barostat mechanism so 
that, in ejections made at high aircraft speeds, the mechanism does 
not function until the speed of the seat has fallen to a safe value 
for parachute deployment. Ejection can be made from ground level 
upwards, provided that the aircraft's fl ight path and attitude are 
horizontal and that the speed is at least 90 knots. If the aircraft 
1s descending or nose-down, more height will be required. 

6 Hatch/seat connection 

An interconnection between the seat-firing mechanism and each 
pilot's hatch enables the hatch to be jettisoned automatically when 
any firing handle is pulled. After operating the handle, there is a 
delay of one second before the ejection gun fire . 

7 Leg restraint 

Leg restraint cords are provided, to ensure that the .legs are drawn 
back and held close to the seat pan during and after ejection. The 
cords pass through snubbing units below the front of the seat pan 
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and are then fastened to the cockpit floor with rivets which shear 
at a pull of 400 Jb. The snubbing units allow the cords to pass 
freely down through the W1it but prevent them passing upwards, 
except when released by the spring-loaded toggle at the front of 
each snubbing unit. 

SAFETY CUP BEHIND 

PARACJ-IIJTE HARNESS 

OUICt<-REl..EASE F"IT TING 

PAR. ... CHU T[ H ARUE'SS 

OIJICK • RELEASE FITTHK, 

A8,0I/E SAFE.TV tlA~NC:SS 

OUICK • fil[LE:A.'SE FJTTING 

LE'G l;iES TR.A.INT CORD 

LOOPS OH SAFETY 

~ARN ESS. 'SHOU LOE:R 

STRAP LuGS 

Fig. 3 Leg restraint 

8 Manual separation 

(a) To allow the occupant to release himself from the scat, should 
the automatic devices fail to operate, means of manual separation 
are embodied. 

(b) The first (manual override) o-handle on the parachute waistbelt 
is pulled to disconneC[ the parachute from the drogue link line. 
This action also uncovers the second (rip-cord) D-handlc. 

(c) After operating the first o-handle, the sea t harness may then be 
operated to enable the occupant ro leave the seat. After leaving the 
seat, the parachute can be opened by pulling the rip-cord o-handle 
on the parachute harness. 

4 Rear Crew Safety Equipment 
9 Mask and helmet 

A G-type helmet is worn with either a PlA or Q2A oxygen mask. 
These masks are of the chain-toggle, pressure-breathing rype with 
a bayonet hose connection ; they are identical apart from size. The 
mask should be rested before fli ghr and the knurled screws ad i us ted 
so that there is no leakage under pressure. A lever on the front of 
the toggle harness is normally in the up position, should pressuris
ation failure occur, the lever is put to the down po,ition, to damp 

4 the mask more rightly on the face for pressure breathing. Post-Mod 
329 5 a mask hose assembly must be worn ro connect ro the aircraft 
assembly and the emergency oxygen hose. 

10 Parachute assembly 

(a) Pre-M od. 3295 

The rear crew members wear back- type parachutes Mk 20 and 
personal survival pack type s. The parachutes have a barostat 
control which, when the tatic line is used, delays deployment of 
the parachute until below 13,000 feet. This can be overridden by 
the yellow and black knob on the left shoulder scrap. The left 
shoulder strap also carries a red loop for operating the emergency 
oxygen and a snaphook for attachment to the tatic line. Four 
static lines are at the back of the AEO s seat. 

4 (b) Post-Mod. 3295 

(i) The Mk. 40 parachute is normally operated by the crew 
member attaching its static line to the hook on the appropriate 
swivel seat before leaving the aircraft. The lvik. 46 parachute 
static line remains connected throughout the flight. In either 
ca e when the occupam abandons the aircraaft, the static line > 
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arms the barostat unit, which delays deployment until either the 
escaper ha fallen freely co 13 000 feet or if already below chaL 
height, for Lwo second so as to be dear of the aircraft. This unit 
can be overridden by pulling the plastic sheathed rag attached 
to the parachute end of the static line. Static line operation 
hould always be chosen as it automatically ensures deployment, 

even if the escaper is knocked out during the escape : the over
r ide is a safeguard in case of failure of the automatics or of 
inability to hook on the static line for any reason. To override 
th~ automatics the handle on the crutch scrap should be pulled. 

(ii) The parachute embodies a demand EO set, normally initiated 
automarically by the static line. A knob on d1e crutch strap 
provides direct manual initiation if required. 

11 Swivel seats-Mod. 3295 

(a) Each rear crew member is provided with a swivel eat incor
porating an assister cushion and a Mk. 40 or Mk. 46 parachute 
with a demand emergency oxygen er. The two navigators ' seats 
swivel clockwise, the AEO's seat swivels anti-clockwise. The sixth 
crew eat is a non-swivelling seat fitted with an assister cushion. 
Tt must always be fined facing rearwards. 

(b) The scat are mounted on rails which allow them to be slid 
fo re and aft as required. The seat rails are reinforced to rake 
crash landing loads. Fore and afr movement of the sears i con
trolled by either a lever at the base of the rear of each seat (move 
co the right tO unlock) or by the rearward movement (i.n relation to 
occupant) of the yellow /black lever on the left of the seat. 

(c) Swivelling of the ears i controlled by either a lever at the 
top of the rear of each seat (move right to unlock) or by forward 
movement of the yellow /black lever on the left of the ear. These 
movements also unlock the valve of the seat back, which is spring
loaded, to a forward position necessary to clear obstacles when 
swivelling. Once either motion of the sear has commenced, the 
handle may be released and will spring back into its central posi-

tion to lock the sear again, when the seat has reached the opposite 
end of the travel. 

(d) (i) The assister cushion is inflated by CO2 stored in a bottle 
at the back of the seat at a pressure of 1,200 P I. A pressure 
gauge is incorporated in the bottle. 

(ii) The CO2 is released to the cushion by pulling up a yellow/ 
black knob, at the right of the eat, to the full extent of its travel. 
Additionally this action also releases the harness lap strap 
anchorages thereby freeing the occupant from the sear. 

(e) The seat thigh supports can be adjusted for individual comfort 
by means of a star wheel mounted under the supports centrally. 

(f) The yellow /black swivelling level incorporates a handle into 
which the individual parachute sraric line is clipped when leaving 
the sear prior to abandoning aircraft. 

(g) When Mod. 3955, Part A, is embodied static line strong 
points are fined as fol lows : 

(i) Port seat point, on from face of desk. 

(ii) Centre and starboard sear points, ar from ends of centre 
seat lower rails. 

(iii) Sixth crew scat points, at frame 63. The static lines (Mod. 
3955, Part B) include mic/tel. lead, oxygen hose and electric 
wiring for the " crew gone" warning signals (see Chapter 14, 
Para. 10). 

This permits rhc static lines to remain connected at all rimes. 

Oxygen System 

12 Description of oxygen system 

(a) Oxygen is carried in ten 2,250-litre bottles. The bottles are all 
charged d1rough a connection aft of rhe radome ; the correct 
charging pressure is 1,8 00 PSI. Two pressure gauges on the AEO's 

panel BB show the pressure in each half of the system, indicating 
it a a fraction of the full charge contents. These gauges normally 
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read the same bur a system of non-return valves and inter
connections enables one half of the system co supply oxygen should 
the other half fail. Mod. 3646 replace the l\11k. 17D regulators 
with ill. 17F. 

(b) From the oxygen bottles, the high pressure supply lines pas 
into the pressure cabin. Master valves, one for each side of the 
system are below the pressure gauges. 

( c) The supply is fed to four pres ure-reducing valves, which 
reduce the pressure to 400 PST. The medium pressure line pass 
from each pressure-reducing valve ro the regulators. 

13 Oxygen regulators, general 

(a) An oxygen regulator Mk. l 7D or 17E (Mod. 2503-Mk. 1A 
only) is supplied for each crew member's normal station and one 
additional regulator is at the bomb-aimer's position. The 1st and 
2nd pilots' regulators arc at the forward ends of the port and 

4 starboard consoles. Mod. 3886 introduces a seventh Mk. l 7F 
regularor at the sixth crew member's position . To operate the 
regulator rbe scat must be in the fully aft po3ition. ~ 

(b) The regulator is designed to provide the following facilities: 

(i) An oxygen supply in direct relation to the ra ce and strength 
of the user's respiration. 

(ii) The correct ratio of air and oxygen according to cabin 
altitude. Above 32,000 feet cabin altitude, IOO <p oxygen is 
provided and 100'.Yr oxygen may be selected at any time. 

(iii) A safety pressure, slightly higher than the normal delivery 
pressure, when cabin altitude exceeds 12,000 feet, and full 
pressurisation of the oxygen supply when the cabin altitude is 
between 39,000 feet and 56 000 feet . 

(c) Limitations 

The regulators will provide protection against los of cabin pressure 
up to a cabin alti tude of 50,000 feet, provided that a descent i 
started within 30 seconds of the pressure loss and that a cabin 

altimdc of 40,000 feet is reached within two minutes of the fa ilure 
and that the oxygen concenrs have not fa llen below i of the total 
capacity. 

14 Oxygen regulators, controls and indicators 

(a) Controls 

On the face of the reaularor are three levers, whose operation and 
function is as fo llows: 

(i) OXYGE S PPLY, ON/OFF lever. This lever controls 
the supply of oxygen LO the regulator and must be O at all 
times in flight. 

(ii ) ORMAL OXYGE / 1001/n OXYGEN lever. When in 
the normal position, this lever allows air to mix with the oxygen 
in suitable proportions, up to a cabin altitude of 32 000 fee . 
Above this altitude, rhe air inlet is closed and 100% oxygen is 
delivered in the mask. With the lever at 100% OXYGE , the 
air inlet is closed regardless of the altitude ; this position should 
always be used if toxic fumes are present. 

(iii) An EMERGENCY three-position switch. When this is 
pushed in, in the central position, oxygen is supplied under 
pressure. T he fi rmer the switch is pushed in, the greater the 
pressure. The mask can be adjusted so that no leaks are present. 
Movement of the switch to either side position causes oxygen to 

be delivered at a slight cominuou pressure and should be so set 
if roxic fumes or anoxia arc present. 

(b) Indicators 

(i) A gauge on the regulator shows the pressure of oxygen being 
delivered to the regulator and should indicate 200-400 PSI at all 
times ; two gauges at tl1c AEO's station show the main storage 
cylinder pressures as a fraction of the full charge contents. 

(ii) A magnetic indicator on the regulator show white when the 
user i breaching in. A repeater indicator is provided in the rear 
cabin for tl1e bomb-aimer's regulator so that the other rear 
crew members can monitor this isolated station. 
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(c) Dual oxygen fe ed coupling 
To provide a "walk around " facility for rear crew members from 
the main oxygen supply, and for use in the event of a regulacor 
failure by any crew member a dual oxygen feed coupling has been 
introduced. It is scowed in a polythene bag on panel BD and 
consist of a dual feed coupling and flexible ext nsion three fee t in 
length. When in use two adjacent crew members can be supplied 
from any one oxygen connection except in the case of the visual 
bombing position. 

15 Emergency oxygen 
(a) Pilot's emergency oxygen 

(i) An emergency oxygen bottle is installed on the starboard 
beam of each ejection seat and feeds into the main oxygen cube. 
(ii) The emergency oxygen is operated automatically on ejection. 
Ir can also be sdecced manually by pulling up the knob on the 
inboard side of each seat. As the bottle is attached to che sear, 
emergency oxygen is not available after separation from the seat. 

~ (b ) Rear crew's emergency oxygen (pre-Mod. 3955) ~ 

An emergency oxygen bottle is in the top of each rear crew 
member's parachute pack and is operated automatically when rhe 
parachute static line is operated, or manually by a red loop on the 
left shoulder strap of the harness. 

~ (c) Rear crew's emergency oxygen (post-Mod. 3955) 
(i) The oxygen is passed through a demand regulator stowed in 
a pocket at the back of the parachute right half-belt. From the 
regulacor, a breathing pressure hose is connected to the mask 
hose assembly when " strapping in ". Safety pressure is provided 
from ground level to 40,000 feet and there is no Air Mix 
facility . 

Fig. 4 Ejection seat occupied (1) 

(ii) The endurance of the set is approxjmately 10 minutes but, 
if it is accidentally ·operated when not connected to a mask worn 
by a crew member, the oxygen is rapidly exhausted in an 
attempt to maintain safety pressure. The manual over-ride knob 
is on the crutch strap. t> 
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Fig. 5 Ejection eat occupied (2) 
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Use of Aircrew Equipment Assemblies 
16 Strapping-in procedure- pilots 

(a) When seated connect the PSP lowering line to the life-saving 
waistcoat. 

(b) Secure the parachute harness and fit safety-clip ro quick
release box. 

(c) Secure the seat harness and leg-restraint cords as follows: 
(i) Fasten the leg-restraint garters below the knees with the 
D-rings to the rear (if not permanently embodied in the flying 
suit). 
(ii) Fasten the lap straps of the seat harness, but do not tighten 
them. 

4 (iii) Pas the left nylon cord through the right leg D-ring, under 
the right safety-harness lap strap and insert the right shoulder 
safety-harness eyepiece through the loop on the cord. Secure the 
shoulder safety-harness in the quick-release box. 
(iv) Repeat for the other cord, passing the right cord through 
the left leg D-ring, under the left afety-harness lap strap and 
insert the left shoulder safety-harness eyepiece through the loop 
on the cord. Secure the safety-harness. ~ 

(v) Adjust the leg-restraint cord to give full rudder movement. 
(vi) it well back in the sea t and tighten the lap straps. 
(vii) Take up all the slack in the shoulder straps but do not 
over-tighten them. 

(d) Connect the main oxygen and emergency oxygen supply cubes 
to the oxygen mask tube, ensuring that the emergency oxygen tube 
passes under the left shoulder strap. Attach rhe oxygen mbe 
a sembly locating chain to the L SW. 

(e) Connect the intercomm. lead. 

(f) Adjust the height of the seat. 

(g) Check that the face screen firing handle can be reached with 
both hands together. 

(h) Have all the safety-pins removed an stowed . 
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17 Strapping-in procedure- rear crew static seats 

Prior to entering the scar, ensure that the safety-pins have been 
removed from the EO cylinder. 

(a) When seated, connect che lanyard of the personal surviva l 
pa·:k to the left webbing strap of the life-jacket, adjusting the 
length of the la tter so that the quick-release fi tting will lie clear 
below the harness lap strap when ubsequenrly connected. 

(b) Fasten the parachure harness: 

(i) Pass the left half of the waist-belt over che life-jacket/ 
survival pack Jandyard connection. 

(ii) Pass the right lap strap over the right thigh, thread it up 
through the righr crutch loop and connect to the quick-release 
box on the waist-bc!L 
(iii) Connect the left lap strap similarly, ensu ring that it passes 
over the survival pack landyard. 
(iv) Fa ten the righ t shoulder scrap into the quick-release box, 
ensuring that it lies under the srole of the life-jacket. 
(v) Clip the hook of the right half of the waist-belt over the end 
fitting just connected. 

(vi) Fasten the left shoulder strap in to rhe quick-release box, 
ensuring that thi s Strap passes over the " valley" between the 
cylinder and stole of the l.ife-jackec. 
The ob jecrives are: 

1 To leave the parachute sta tic ljne hook emergency oxygen 
control and override knob completely unobstructed. 
2 To obscure the life-jacker cylinder red cap as little a 
as possible. 
3 T o trap as little as possible of the life-jacket scole. 

(vii) F it the sa£ecy-pin between the disc and the body of the 
quick-release box. Ensure that its webbing safe-tie is clear so 
that the clip can be rapidly disengaged, 
(viii) Tighten che lap straps. 

(c) Connect the quick-release couplings of the rsr to che para
chute harness and tighten the restraining straps. 

(d) Put on helmets and connect mask tube. Connect the emergency 
oxygen and attach che cube-locating chain to the life-jacket D-ring. 
Plug in the mic/tel lead. 

(e) Fasten the safecy-hamcsJ'and adjust the seat position. 

(f) Check the intercomrn. and oxygen regulator. 

18 Strapping-in procedure- rear crew swivel seats 

~ WARNING: Post-Mod. 3886 the sixth crew member's oxygen 
hose and static line must be routed between the back of his legs 
and his seat. Premature deployment of the parachute could occur 
within the cabin if an attempt to bale our was made with the 
hose roured in front of the legs. ~ 

(a.) Check the contents of the assister cushion bottle . he pressure 
should be 1,200 PSI. Insert the pip-pin. 

( b) Remove the demand emergency oxygen pin. 

(c) Slacken all the parachute straps fully and stow them in their 
stowages before gett ing in the seat. 

(d) Check that the side harness straps of the personal surv ival 
pack are connected co the parachute harness. 

(e) Connect the emergency oxyaen supply to the oxygen mask 
hose. 

(/) Adjust the parachute quick-release box in front of the body. 
Pass the thigh straps through the crutch loops apd connect them 
co the quick-release box. · 

(g) Connect the shoulder straps to the quick-release box, ensuring 
that the hose assembly is benea th the right shoulder and leg straps. 
Tighten che harness. 

(Ii) Connect the personal surviva l pack lowering line co the life
jacker. 

(j) Connect the oxygen mask hose to the aircraft assembly and 
make t11e mic/tel. connection. 

(k) Connect the scaric line to the aircraft hose assembly (Pre-Mod. 
395 5 to the swivelling lever). 
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(/) Fasten the sear lap strap. 

(m) C heck the seat swivellina and sljdina actions and make sure 
that the personal survival pack lowering line does not foul on any 
portion of the sear. ~ 

(n) Put on the helmet and connect the mask tube to the mask hose. 

(o ) Connect the mic/tel. lead . 

(p) Check the intercornm. and oxygen. 

19 Normal exit procedure 

(a) Pilots 

(i) Remove helmet and mask, disconnecting mask tube and 
mjc/tel lead. 
(ii) Remove safety clip from quick-release box and undo harness. 
(iii) Disconnect dinghy lanyard . 
(iv) Disconnect the leg restraint cords. 
(v) Move out of the seat, seeing that the leg restraint cords 
pass through the garter D -rings. 

(b) Rear crew members (static seats) 

(i) Remove helmet and mask disconnecting mask tube and 
mic/rel lead. 
( ii ) Disconnec safety harness and parachmc harness. 
(iii) Di connec~ dinghy lanyard. 
(iv) Disconnect emergency oxygen. 
(v) Leave seat. 

(c) Rear crew members (swivel seats) 

(i) Remove the helmet and mask disconnecting the mask tube 
and mic-rel lead. 

(ii) Disconnect the safety harness and parachute harness. 
(iii) Disconnect the emeraency oxygen supply. 
(iv) Slacken the parachme strap and stow them jn their 
stowages. 

(v) Disconnect the personal survival pack lanyard. 

(vi) Disconnect the static line. 

(vii) Disconnect the mask hose assembly from the aircraft hose 
assembly, placing the aircraft assembly in it stowage. 

(viii) Replace the C!nergency oxygen safety pin. 

(ix) Remove the assister cushion pip pin. 

20 Pressuri ation faiJure 

If the cabin pressure fails each rew member should immediately 
depress the lever on the mask toggle harness. This wi ll clamp the 
mask tightly against the face to prevent leakage of oxygen. If the 
cabin altitude is above 40,000 feet a descent must be made to 
40,000 feet cabin altimde within rwo minutes of the failure, with 
a subsequent descenr to below 20,000 feet, to avoid the effects of 
decompression sickness. 

21 Regulator failure 

(a) Pilots 
If a pilot's regulator fail above 10,000 feet cabin altitude, he 
should immediately select emergency oxygen, by pulling up the 
handle be, ide his seat. The regulator should be switched off. Po::t-

~ Mod. 3955 he should transfer to any other available regulator. A 
spare mask hose assembly should be carried for th is purpose. The 
emergency oxygen is only sufficient for 10 minutes and descent 
should therefore be made to an alti tude where oxygen is not 
required. When this altitude has been reached, if the main regulator 
has been on 100 % OXYGEN, switch over ro NORMAL so that 
cabin air can be freely breathed, while maintaining mic/tel, ere. ~ 

(b) Crew members 
If a crew member's regulator fails, he can transfer to the dual 

~ oxygen feed coupling or, post-Mod. 3955, to any other avai lable 
regulator. Ir is nor operationally practicable to use the emergency ~ 
oxygen set except when abandoning the aircraft or whilst reducing 
to a safe altitude. 
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Part I 

Chapter 11-Pitot,static System and 'Flight Instruments 

List of Contents 

Pito t-s tatic ysrem 

Picot-static operated instruments 

Other inst ruments 

1 Pitot-static system 

Para. 

2 

3 

(a) The pitot- tatic system may be divided into the following five 
separate systems: 

(i) Port wing pressure head. 
(ii) Star board wing pressure head. 
(iii) Nose pitot head. 
(iv) Fuselage tatic vents. 
(v) Wing static vents. 

(b) The port wing pressure head system supplies both pitot and 
static pressure to the following: 
1st pilot's machmeter, ASI, al timeter''' and rate of climb indicator* 
AMU 

Bombsight computer 
(* = Static pressure only) 

(c) The starboard wing pressure head system supplies both pitot 
and static pressure to the following: 

(i) 2nd pilot's machmeter, ASI, altimeter''' and rate of climb 
indicator* 
(ii) Master navigator's ASI and altimeter*. 
(iii) CL W aming Detector Panel. This panel is mounted at the 
AEO's station and contains the stall warning detector switches 

Malfunctioning of the pito t-static system 

Illustration 
Picot-static sys tem 

Para. 
4 

Fig. 

and contacting machmeters used to automatically control the 
operation of the wing nose flaps. 

(iv) Auto Height and Auto Mach Units. These units are 
mounted on the pressure bowl in the cabin and are the controlling 
units for the elevator auto mach trim. 

(v) Undercarriage Pressure Switch. This switch is mounted on 
the NBC crate behind the co-pilot's seat. Its purpose is to auto
matically release the lock on the undercarriage UP button 
when a speed of 105 knots i attained. This allows a normal 
undercarriage U P selection to be made. It also completes the 
circuit to the following : 

1H15 
2H15 
1H24 
2H24 
1H25 
2H25 
H31 
H33 

5H14 
6H14 

Auxiliary intake heaters 
Auxiliary intake heaters 
Engine intake heating . 
Engine intake heating . 
Front fuselage intake heating . 
Front fuselage intake heating . 
Ice detector test . 
Cold air unit control valves 
DV window hearing 
DV window heating 

Port wing 
Stbd. wing 
Port 
Stbd. 
Port 

tbd. 

Port 
Stbd. wing 
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(vi) Vertical Gust Recorder. When a vertical gust recorder is 
carried it is mounted at the starboard side of the bomb-bay, and 
is connected to the pressure and stacic supply through a cock 
located in the cabin adjacent to the navigator's position. 

(vii) Bomb Gear Circuit Pilot Switch. This witch is mounced 
in the cabin adjacent co the VG recorder cock and operates in 
conjunction with the bomb gear. 

(viii) Fatigue M eter Switch. This witch is mounted in the cabin 
near the VG recorder cock and controls the switching ON and 
OFF of the RAE Fatigue Meter. 

(ix) Auto-pilot coupling unit. This unit is located under the 
navigator's table and is connected to the static supply only. 

(x) Pitol Head Heaters . Two switches are located on panel AZ, 
one of the two switches controls the port pitot head heater while 
the other controls the starboard. The nose pitot head heater is 
switched on with the Front Fuselage Heater Switch on panel 
AD, but the heater does not actually come on until a forward 
speed of 105 knots is reached. 

(d) Nose pressure head. This protrudes from he nose of the air
craft and is provided to supply pre sure during flight to the bellows 
of the artificial feel unit. 

(e) Fuselage Static System. The static vents are on either side of 
the fuselage below the line of the cabin floor and are inter
connected by a 1 ½ in. dia. pipe. Tappings are taken from the pipe 
for: 

(1) The artificial feel unit compartment 
(2) The fuel pressure venting system 

2 Pitot-static operated instruments 
(a) Airspeed indicators 
Three ASI's are fitted, one on each pilot's instrument panel and one 
at the navigator's sta tion. Both pilots' A I ' s are fitted with a flag 
which appears and oscillares in the face of the dial if speed is 
reduced below 160 knots with the undercarriage up. When Mod. 
864 (1st pilot-Mk. IA) and Mod. 2987 (2nd pilot) are embodied 

both ASI's are replaced by two-pointer instruments nor incorporating 
warning flags. 

(b) Altimeters 
Three altimeters are fitted , one on each pilot's instrument panel 

~ and one at the navigator's station. Mod. 3190 provides vibrator 
for the Mk. l 9B or c altimeters on the co-pilot's instrument panel. 
Mod. 3486 replaces the Mk. l9B or c altimeters at all three sta tions 
with Mk. 19F altimeters and additionally provides vibrators at the 
1st pilot's and navigator's sta tions. ~ 

(c) Machmeters 
A machmeter is fitted on each piloc's insrrument panel. 

3 Other instruments 
(a) Electrically-operated instruments 
See Part I, Chap. I . 

(b) Accelerometer 
The accelerometer is mounted in front of the 1st pilot on AZ and 
indicates all normal accelerations imposed on the aircraft in the 
pitching plane by means of three concentrically-mounted pointers. 
One pointer indicates in ranraneous G and automatically reverts 
to lG reading when the aircraft is in straight level flighr. The 
other two register the maximum positive and negative G readings 
respectively until reset manually. 

(c) Outside air temperature gauge 
An outside air temperature gauge is fitted on panel AB and at the 
navigator's station. 

4 Malfunctioning of the pitot-static system 

(a) The starboard system contains a greater number of pipe joints 
than the port system and is therefore more suscep tible co a leak 
developing. 

(b) If a discrepancy occurs between the readings of the 1st and 
2nd pilots' pressure instrumems it is more likely that the instru
ments fed from the starboard system are in error. 
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Part I 

Chapter 12-Radio and Radar 

List of Coulents 

Radio Communication 
VHF TRl985 / 86 . 
UHF ARC/ 52 (Mod. 591-Mk. lA only) 
Tone release 
HF STR ]8ll2 
I ntercomm.-gencral 
Intercomm.-controls (Mk. I aircraft) 
Intercomm.-controls (Mk. I A aircraft) 

Navigational Radio and Radar 
Radio compass (ADF) 
ILS 
Radio altimeter Mk 5 
Green acin and GPI 

Radio Communication 
VHF TR1985/86 

Para. 
] 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 

(a) Twin VHF sets, TRl 985 /86 each having ten channels, arc 
instal led. The controls are on the roof panel together with a 
changeover switch. 

(b) Power for rhe VHF i from the 28-volt system. Selection of 
o. 2 VHF by the pilot energises the change-over re.lays. 

2 UHi• ARC/52 (Mod. 591- Mk. 1 A onJy) 

(a) The UHF transmitter /receiver is in the floor of the fin compart
ment and rhe selector on panel AE. Ir i po:;sible to select 1,750 
channels at O · 1 mc/s intervals or 19 preset channels, one of which 
is tuned to 243 mc/s. In addition a eparatc receiver allows a 
guard frequency of 243 mc/s to be uperimposed on any selected 
channel. MCW transmission i available if required . 

Gee Mk 3 . 
Radio altimete r Mk. 6A 

Operational Radio and Radar 
NBC and l-f2S 
!FF Mk. 10 
Tacan 

~ UHF/ OF 

Radio Equipment- Three-point Tanker 
VHF/ UHF PTR 175 
HF, Collins 618-T3 
lntercomm, general 
I ntercomm controls 

Para. 

12 
13 

14 
15 
16 
17 

18 
19 
20 
21 ~ 

(b) The remoce control unit on panel AE or, post-Mod. 3881 on 
panel BF, carries che following controls: 

(i ) A 20-position rotary swicch, giving selection of 18 preset 
channels, the guard frequency ( channel G) and MA AL. 

(i i) Four manual control switches. The first selects either 200 
or 300 mc/s. rhe second selects O to 90 mc/s in tens, the third 
selects O to 9 mc/s and the fourch O to O · 9 mc/s. These 
switches are only operative when MA UAL is selected on the 
20-posirion switch. 

(iii ) A volume control. 

(iv) A four-position function switch, giving selection of: 

OFF 
T /R, normal transmission and reception 
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T /R + G, as TR with the guard frequency superimposed on 
reception 

ADF (inoperative) 

(c) On panel AE i a tone switch. 

(d) It is possible to reset the preset channels in the air, if necessary. 
To do so, the cover plate on the control unit is removed by w1doing 
the milled screws. The channel selector is then rnrned until the 
number to be selected is indicated on the resetting panel (chis will 
not correspond to the selector switch indicarion). The resetting pins 
are then moved ro the required positions and the cover plate 
closed. 

(e) Power supplies 

The UHF uses 28-volt DC, from feeder 10P7. 

3 Tone release 

Tone relea e facilities are available, post-Mod. 745, for simulated 
bombing practice and may be obtained from either VHF or HF. 

The controls are on panel CP and con ist of a 2-posi tion UHF/ 
VHF switch start switch and a light. When the start switch is 
pressed the service selected radiates a continuous 1 kc/s note until 
the bomb is suppo edly released. 

4 HF STR 18B2 
(a) HF communication is by STR 18B2, the control unit being at the 
AEO's position. The control unit carries a function switch, a channel 
selecror volume and fine tuning controls. R/T transmission can be 
made on HF, if required. Also at the AEO's position are the HF 
S PPL Y circuit breaker and OUTP T control switch. 

(b) The STR 18B2 uses 28-volt DC. 

5 lntercomm. general 

(a) The intercomm system operate through an Al961 amplifier, 
controlled by a NORMAL/EMERGENCY switch at the AEO's 

posmon. In addition, a separate Al961 amplifier is provided for 
conference intcrcomm and is controlled by an ON-OFF swirch at 
the AEO's position (Panel BF). If che normal intercomm system 
fails, setting the control switch to EMERGENCY will provide 
ii:tercomm and call facilities through the amplification tage of the 
VHF. 

(b) Additional intercomm points are provided in the front fuselage, 
plenum chamber, rear compartment and on the underside of the 
port side of the nose . These are con trolled by two O /ISOLATE 
switches at the AEO' position, panel BF. 

6 Intercomm. controls (Mk. 1 aircraft) 

(a) ormal intercomm. is available between all crew stations 
providing that: 

(i) !st and 2nd Pilots select VHF on VHF /HF switches and 
I-C on 1-C/ ADF switches. 

(ii) avigarors select ORMAL/CO FERENCE switch to 

NORMAL and 1-C/ ADF switch to I-C. 

(iii) AEO selects both VHF and I-C on his VHF /HF and I-C/ 
VHF switches respectively. 

(b) Pilots controls 

(i) VHF/ l!F. These switches are located on panels AE and AF 
for the 1st and 2nd pilots respectively. The VHF selection pro
vides normal iotercomm. with the rest of the crew whilst per
mitting transmi t-receive operation of the VHF installation. On 
HF the microphone telephone and PTT leads are transferred to 

the STR 18 B2 HF equipment fo r f-lF /RT. 

(i i) /-C / ADF. These switches in the cabin roof positioned aft 
of panel AL provide the pilots with a means of listening co the 
radio compass receiver. I r is important to note thar an ADF 
selection overrides any other switch position hence it is normally 
caged to the intercomm. position . 
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(iii) Call Switch. This switch, also located aft of panel AL, is 
commeu to both pilots. It is a spring-loaded three-position con
trol with CALL NAV. and CALL ABO selections. 

CALL NA V. This superimposes inrercomm. to the navigators 
when they are isolated on the conference circuit 
CALL AEO. lnrercomm. is superimposed co the AEO irre
spective of which service he is operating. 

(c) Navigators' Controls 

(i) NORMAL/CONFERENCE. The ORMAL and CON
FERE CE selections of this switch provide alternative inter
comm. systems for the navigators. The CONFERE CE posi
tion isolates the navigators on to a separate intercomm. ampli
fier . ,On the NORMAL position the navigators can also hear the 
VHF output. 

(ii) l-C/ADF. The ADF position provides the plotter with 
radio compass receiver output and is similar to the pilots I-C/ 
ADF switch in that it over-rides other selections. When switched 
to ADF the plotter's mic. is still connected to intercornm. 

(iii) Call Switch. This is a spring-loaded switch which enables 
the plotter to call either pilot when the latter are on ADF. It 
superimposes intercorom. on to the ADF circuit. 

(d ) AEO's Controls 

(i) VHF /HF. On VHF the AEO has normal intercomm. and 
can monitor the VHF output. The HF selection isolates the 
AEO from the rest of the crew and he has control of the STR 18 
B2. 

(ii) I-C/VHF. The VHF position isolates the AEO from the 
intercomm. circuit and connects a separate PTT switch and 
volume control to the approriate VHF box. The AEO thus con
trols transmission and reception of the VHF and no other crew 
member can monitor the VHF. However it is possible for the 
pilots, by selecting CALL AEO, to listen through to the VHF 

if necessary. 
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(iii) Call Pilot. This is a spring-loaded switch which enables the 
AEO to superimpose intercomm. on to the ADF circuit. 

7 lntercomm. controls (Mk. lA aircra[t) 
(a) All crew members have identical station boxes, tbe controls 
on which allow any crew member to: 

(i) Select any one of five SPEAK/LTSTEN services. 

(ii) Mix incoming radio and intercomm. signals without inter
fering with selections made by other crew members. 

(iii) Call all ocher crew members on intercomm. irrespective of 
the services they may have selected. 

(b) The type 7681 station boxes carry the following control 

(i) Four O /OFF switches at the top of the box. These provide 
a mixer service for listening only. They consist of: 

HF 
Conference I-C 
Airborne warning 
Normal I-C 

(ii) Three volume controls below rhe ONJ10FF switches. These 
provide further listening services on UHF, ADF or ILS, and 
VHF. The VHF or UHF volume control must also be turned 
up when using the appropriate SPEAK LISTE service 
(see (iii) below). 

(iii) A rotary SPEAK LISTE switch at the bottom of the 
box. This switch allows selection of the following five services : 

Conference I-C 
HF 
UHF 
VHF 
NORMAL I-C 
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With thi switch OFF and the I-C listening switch OFF a crew 
member can isolate himself from the rest of the crew when 
listening to incoming signals. 

(iv) A spring-loaded CALL switch on the right of the SPEAK/ 
LISTEN switch. 

This switch is used, in conjunction with the I-C position of the 
SPEAK/LISTEN switch, to call all crew member, regardless 
of their selection . 

(v) A ORMAL/OFF /DIRECT switch, to the left of the 
SPEAK/LISTE switch. 

On NORMAL, incoming ignals are fed through a two-valve 
amplifier, powered by a fused 28-volt supply. The fuse and a 
spare are on the front of the box. If fuse or valve failure occurs, 
selection of DIRECT will by-pass the amplifier and switch it 
off. Only the selected SPEAK LISTEN facility will be available 
(at reduced volume) and the LISTE ONLY switches will be 
inoperative. 

( c) Both pilots have press-to-transmit buttons on their control 
columns. The AEO has a press-co- transmit button and a morse key. 
No transmission facilities are provided for the navigators. 

(d) Control of services 

The control of the various services fed co the station boxes is as 
follows: 

(i) Pilot 
HF control but no selection 

~ UHF (pre-Mod. 3881) and VHF selection 
ILS switching and selection 
ILS/ADF /TACAN audio selection 
UHF tone selector switch 
Airborne warning (2nd pilot only) 

(ii) AEO 

Airborne warning / monitor 
HF 
ECM 

I-C/ ORMAL/EMERGE CY /switch 
Conference I -C ON/OFF switch 

~ UHF (pre-Mod. 3881) and VHF but no selection 

(iii) N av.j plotter 
ADF 

(iv) Nav./radar 
Tone release 

Navigational Radio and Radat· 

8 Radio compass (ADF) 

The radio compass controller and the manual loop controller arc 
~ at the nav./ploner's position, while the selection of either ILS, ADF or 

TACAN audio signals is controlled by a swi tch on the 1st pilot' con- ~ 
sole. A repeater indicator is on the 1st pilot's instrument panel. A 
circuit breaker on panel BB controls the 28-volt supply. 

9 ILS 

The ILS channel selector is on the spine between the pilot's escape 
hatches, the master ON/OFF switch is on the 1st pilot's side 
panel. Two marker lights are provided on pilot instrumem panels 
AA & AB. The indicator is on panel A (Mk. 1 only). 

10 Radio altimeter Mk. 5 
NOTE: Mod. 31"44 deletes the ins~allation. 

A radio altimeter Mk. 5 is on the 2nd pilot's panel AB, with limit 
lights ; limit lights are also provided on 1st pilot's panel AA. The 
limit switch is on the port console and the supply switch is 
adjacent. 
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11 Green Satin and GPI 

(a) Green Sacin is installed. The control unit and associated GPI 

Mk. 4 are at che nav./plotter's posicion. 

(b) The system is supplied by che Green Satin type 153 inverter. 

12 Gee Mk. 3 

The control unit for che Gee Mk. 3 is at the nav./plotter's position. 
The electrical supply ON/OFF switch is on panel BC. The system 
uses 28-volr DC from feeder 8P 7 and Phase A of No. 2 Type 350 
mverrer. 

13 Radio altimeter Mk. 6A 

The radio altimeter Mk. 6A indicator/control un it is on the nav./ 
radar's panel CAJ. The system uses 28-volc DC from feeder 8P7 
and Phase A of No. 2 Type 350 inverter. The supplies are con
trolled by a switch on panel CA. 

Operational Radio and Raclai· 

14 NBC and H2 

(a) The navigational bombing syscems (NBS Mk. 1) is installed. The 
system basically consists of the H2S Mk. 9A installation and the 
navigation and bombing computer Mk. 2. The control and indi
cators for the system are at the nav.jradar's position and the pilots' 
centre panel A. 

(b) The system is supplied from No. 1 Type 350 inverter and the 
28 volt DC and 112 volt DC bu -bars . The supplie are controlled 
by swicches and ci rcuit breakers on panel CA. 

15 lFFMk.10 

JFF Mk. 10, with SIF and 1/P facilities, is installed. The conrrols 
are on che AEO's facia panel. The system u 'es 115-volt /IC 1600 
c / s from No. 2 Type 350 inverter, 28-volr DC fr0m feeder 8P7. 
The supplies are controlled by the IFF switch on panel CA. 
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•16 Tacan 

Tacan is fitted ; it has an AIR/GROUND or AIR/ AIR capability 
and is contro'lled by an O /OFF switch ar the nav./plotter ' 
position. A repeater indicator is fitted on the co-pi lot's front panel. 
The power supplies are from a 28-vol t inver ter fed from o. 1 
LV bus-bar and controlled by an INVERTER O /OFF switch 
also ac the plotter's po ition. 

17 UHF 0 /F 

UHF D/F equipment is fitted which provides the ADF facility of the 
PTR 175 or ARC 52. When used in conjunction with the Tacan in
stallation it indicates the range and relative bearing of the receiver 
aircraft from the canker. The bearing indicator is fined at the 
nav.jplotter's station adjacent co the AIR/GR!OU D bearing 
indicator. Power supplies for the D/F circuits are 115-volt AC, from 
the Fligh t Instrument inverter and 28-volt DC. 

Radio Equ-ipment- Three-po'int Tanker 

18 VHF/UHF, PTR 175 

(a) Twin VHF /UHF !'TR 175 secs are fitted in Mk. (K) 1 aircraft and 
one ARC/52 and one PTR 175 in the Mk. (K) IA. These are located 
on the floor of the fin compartment and the plenum chamber 
respectively and known as RTl and RT2. It is possible to select 3 70 
channels between 115 and 135 · 95 MC/s (VHF) and 3,500 channel 
between 225 and 399 · 9 5 MC/ s (UHF) or 19 preset channels two of 
which are tuned to 243 MC/s and 121 · 5 MC/s respectively. In 
addition a separate receiver allows a pre-set guard frequency 
between 238 and 248 MC/S to be superimposed on any selected 
channel. MCW transmission is available if required . 

(b) The two concrol units which are situated on panel AT (nTl ) and 
at the AEO's position (RT2) have the following controls. 

(i) A 20-position ro tary switch giving selection ,of 18 preset 
channels, the guard frequency (channel G) and MANUAL. ~ 
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~ (ii) Three manual conrrol switches. The first switch selects the 
first two figures (hundreds and tens) of the desired frequency in 
tens, the second selects the third figure (units) and the third 
selects the decimals. These switches are only operative when 
MANUAL is selected on the 20-position switch. 

(iii) A volume control. 

(iv) A seven-position function switch giving selection of: 

OFF 
T /R (normal transmission and reception) 
T /R & G (normal transmis ion and reception plus he guard 
frequency superimposed) 
ADF (used with direction findjng equipment) 
DL l 
DL/T ~ inoperative 
T/R ON-DL OFF J 

(c) T one switches marked RTl, RT2, arc on the port con ole and 
panel CP. 

( d) Ir ·is possible ro reset the preset channels in the air if nece sary. 
To do so the cover plate on the control unit is removed by undoing 
the milled screws. The channel selector is then turned until the 
number ro be selected is indicated on the rese tting panel (this will 
nor correspond ro the selector switch indicators). The resetting pins 
are then moved to the required positions and the cover plate 
replaced. 

(e) Power supplies 

The 28-volt DC upplies for the twin installarion are derived from the 
LV bus-bars via the VHF 1/vHF2 circuit breakers on panel BB. 

19 HF, Collins 618-T3 

(a) Collins HF radio is fitted. I t provides 21,750 channels spaced 
1 K/c apart in the frequency range 2 · 75 to 24 · 5 Mc/s. The remote 
controller is at the AEO's station and has che following controls: 

(i) Four knobs which select the required frequency in MC/s and 
to three decimal places of a megacycle. 

(ii) A six-position function switch giving selection of: 
OFF 
USB Upper Side Band R/T 
LSB Lower Side Band R/T 
AM Amplitude Modulacion (Double Side Band) R/T 
DAT A In opera rive 
CW w / T using the AEO's morse key. 

(iii) A volume control marked RF SE S. 

(b) An antenna control un ir is mounted adjacent to the controller, 
its purpose is to enable the transmitter output to be matched to the 
suppressed aeria l in the wing root. 

20 Jntercomm, general 

(a) The intercomm. system opera tes through type lJA60 sra cion 
boxes at all crew stations including the sixth sea t and prone bomb
ing positions. Each station box incorporates it own amplifier and 
the whole system is controlled by a NORMAL-I/C- 0 /OFF 
switch at the AEO's position. The power supply is 28-volt DC and 
each station box has its own fuse. Two additional amplifiers, types 
UA6070 and UA563A provide external and conference intercomm, 
the ON/OFF switches for these are also at the AEO's position. 

(b) Additional intercomm. points are provided in the externa l net
work at the front fuselage, plenum chamber, rear compartment, 
underside of the port side of the nose, sna tch disconnect point radio 
rack and airbrake position. 

21 Intercomm, controls 

(a) AJI crew members have identical sta ion boxes which provide 
the following fac ilities. 

(i) Selection of any one of four TRANSMITTER service . > 
Al. ·I JA , 66 R F S T R it.TE Ll 
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<I (ii) Mixing of incoming radio and inLercomm. signals without 
interference with ocher crew members' selections. 

(iii) The ability to call other crew members on intercomm. 
irrespective of the services they may have selected . 

(b) The scation boxes have the following controls: 

(i) Push on/push off facility switches incorporating a rotary 
volume control which allow reception of the following serv ices: 

RTl an,d RT2 
HF 
CO FERE CE intercomm. 
I/C 
ADF (Voice and Range) 
RADAR \YI ARNI G (Monitor and Alarm) 
U;S 
TACAN 
OVERRIDE (To speak to all other crew members irrespective 
of the services they may have selected). 

(ii) A rotary TRANSMITTERS switch located at the bonom 
of the box permits selection of the following services: 

RTl 0. 1 PTR 175 set (or ARC 52 Mk. (K) IA) 
RT2 No. 2 PTR 175 sec 
HF Collins 618-T3 
CONF Conference intercomm. 

(iii) A call light which when pressed i!Juminares the call lights 
at all other stations thus attracting the atten tion of any crew 
member off intercomm. 

(iv) A NORMAL/EMGY switch which when selected to EMGY 
on a faulty station box, maintains intercomm. provided the 
offending box is also selected to RTl or RT2. It should be noted 
chat scleCLion of any other service on the box operating on 
EMGY causes that service to be heard by all crew members. 

Al' 4506A & C-r N Pan I , Chap. 12-Rad io and Radar 

(c) Both pilots have press-to-transmit buttons on their control 
columns. Press-to-transmit switches are also fitted at the 
nav./plotter and prone bombing positions, whilst t he AEO has a 
pres -co-transmit switch and a morse key. 

(d) Control of services 

The conrrol of the various serv ices fed to the station boxes is as 
follows: 

(i) Pilot 
HF control but no selection 
RTl control and selection 
RT2 control but no selection 
ILS control and selection 
Tone selection 
RADAR WARNING (co-pilot only) 

(ii) AEO 
RADAR WAR I G control and se lect ion 
HF conrrol and selection 
RT2 control and selection 
RTl control but no selection 
NORMAL intercornm. l 
CONFERE CE intercomm. ~ 0 /OFF switches 
EXTERNIAL intercomm. J 

(iii) Nav ./ plotter 
ADF control and selection 
TACA'N control and selection 
RTl control bur no selection 
RT2 control and selection (controller is situated between AEO 

and plotter). 

(iv) Nav./radar 
TONE RELEASE control and selection 
Navigational Radio and Radar. 
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Part I 

Chapter 13-Fire Warning and Protection Systems 

List of Contents 

Gen eral 
Engine fire protection sys tem 
Fuel tanks fire protection system 

1 General 

Para. 
l 
2 
3 

Visual warning of fire in the engine bays, fuselage plenum chamber 
and fuel tanks i given by six warning lights and four combined 
extinguisher pushbutton/warning lights, all on panel AW. ine 
independenc extinguishing installations are fitted comprising a total 
of twenty electrically-discharged methyl-bromide extinguishers, 
which are discharged simulcaneously by che action of inertia 
s~itcbes if a crash landing is made (see para. 5). They are located 
as follows: 

Wing tank group, port . 

Wing tank group, starboard 

Fuselage tank group, front 

Fuselage rank group, rear 

Plenum chamber 

One 

One 

Two 

Two 

Two 

Engines, zones 1 forward of firewall Four 

Engines zones 2, ann ular space between jct pipe 
and surrounding shroud Four 

Engines, zones 3 rear of firewall Four 

Plenum chamber fire protection system 
Inertia witches 
Hand fire extinguishers 

2 Engine fire protection system 

Para. 
4 
5 
6 

(a) Each engine bay is divided into three zones. Twenty-three 
resetting fire detectors are fitted in each engine bay and one fire 
extinguisher is in each engine zone. 

(b) An abnormal temperature rise affecting any fire detector causes 
its associated warning light to come on. When the pushbutton is 
pressed the extinguishers in zones 2 and 3 are discharged first, 
and the HP and LP cocks for that engine are turned off. In addition 
the generator cooling air supply is cut off and finally the 
extinguisher in No. 1 zone is discharged. When the cooling air 
supply is cut off an ALT. COOLING Cl.JOSE warning light on 
the AEO's side panel comes on. 

(c) If the lire is extinguished, the warning light goes our as the 
flame switches cool. 

(d) Master control units 

(i) Two master control units are provided, one for the port 
engines and one for the tarboard engines. When energised by a 
detector circuit they cause the illumination of the associated 
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warning lights. A pulse circuit, which makes a ticking noise 
when operating, is incorporated in each control unit and regularly 
interrupts the supply to each control unit relay thus preventing 
false fire warn ing due to vibration of the relay contacts. 

(ii) Three guarded (post-Mod. 2545) test switches on panel 
BF may be used to test the port and starboard detector circuit 
and to light the waming lamps. 

(e) Circuit breakers for the extinguisher circuits are on panel AJ. 

3 Fuel tanks fire protection system 

(a) Five separate continuous fire-wire detector installations are 
fitted, one for each wing tank installation, one for the rear fuselage 
fuel tanks, one for the tanks over the bomb-bay and, one for the 
front fuselage tanks. A warning light for each system is provided 
on panel AW. 

(b) Four extinguishing systems are provided, one fo r each set of 
wing tanks and one for the rear and front fu elage fuel tanks. There 
is no extinguishing system for the tanks above the bomb-bay. 

(c) Each mainplane system has one extinguisher bottle and each 
fuselage system has ·cwo bottles. 

(d) If the operating temperature (180° C- 250°C) of any sensing 
element is reached the associated warning light comes on and the 
extinguisher(s) is discharged automatically. When the temperature 
reverts ro normal the circuit is de-energised and the warning light 
goes out. 

4 Plenum chamber fire protection system 

(a) A fire-wire detector installation is fitted. in the plenwn chamber. 
A warning light for the system is on panel AW. 

(b) If the warning light comes on two extinguisher bottles dis
charge their contents automatically. When the temperature in the 
chamber returns to normal, the warning light goes out. 

5 Inertia switches 

(a) Four inertia switches are fitted, two port and cwo starboard, 
which automatically bring the fire extinguisher installations into 
operation if the aircraft decelerates at a rate exceeding 3G. A 
warning light for each inertia switch is located on the AEO's side 
panel BB and comes on when its inertia switch is tripped. Circuit 
breaker are ficted adjacenr. 

(b) Operation of any one inertia switch does not affect any 
extinguisher circuit. Both switches on one side must operate before 
the extinguisher circuits are energised. 

( c) The port inertia switches ca use the following extinguisher 
systems to discharge: 

Port mainplane extinguisher 

Zone 2 and 3 extinguisher for Nos. 1 and 2 engines (thereby 
closing HP and LP cocks and cooling air supply to the 
generators) 

Zone 1 extinguishers for Nos. 1 and 2 engines 

(d) The starboard inertia switches cause the following extinguisher 
systems to discharge. 

Starboard mainplane extinguisher 
Zone 2 and 3 extinguishers for Nos. 3 and 4 engines 
Zone 1 extinguisher for Nos. 3 and 4 engines 
Fuselage fuel tanks extinguishers 
Plenum chamber extinguishers 

6 Hand fire-extinguishers 

Three hand fire-extinguishers (1 distilled water ½ glycol) are pro
vided in the cockpit. Mod. 3125 replaces these with ones filled 
with bromochlorodifluoromethane. These are more suitable for use 
against all classes of fire. 
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Part I 

Chapter 14--Entrance, Emergency Exits and 

Emergency Equipment 

List of Contents 

Entrance lO aircraft . 
D oor emergency opening sys tem 
Pilots' escape h atches 
Escape hatch seals 
Crash axe and asbestos gloves 
F irst-aid kit 
S ignal pistol 

1 Entrance to aircraft 

Para. 

2 

3 
4 

5 
6 
7 

(a) Entry to the aircraft is via the crew door on the port side of 
the fuselage ; the door is hinged on its top edge and opens outwards. 
Two telescopic struts support the door in the open position. Two 
sockets are fitted to the door step for the entrance ladder. A wind
shield is fitted to both edges of the door to protect the crew when 
abandoning the aircraft. 

(b) The door is opened from the outside by means of a lever flush 
with the skin, fitted slightly forwa rd at the bottom of the door. 
The skin below the lever incorporates a yale lock enabling the 
entrance door to be positively locked. When the unlocking handle 
is operated the action opens the door sufficiently for tlL edges to 

be grasped from the outside and pulled open. 

Dinghy installa tion 
Auwmatic hand line . 

~ " Crew gone" warning lights 

lllostrations 
Crew door . 
Door-fasrcning mechanism 

Pam . 

8 
9 

IO 

Fig. 

1 
2 

(c) In the centre of the door above a porthole is a handgrip by 
means of which the door can be pulled shut. Two door fas teners 
are engaged by operating either the internal or external lever. The 
door periphery is sealed by an extruded beading on the doorway 
which bears against sheer rubber web on the door. 

(d) The door is normally opened from inside by means of a lever, 
which lies in a slot in the doorway when not required, and covered 
by a spring-loaded flap. To open the door the lever is pulled down 
and swung inboard fl ush with the cabin floor. The door should 
then be pushed open. 

(e) An indicator plate, over the door aft fastener, is slotted to 
accept a stop plate w the locking claw. When the door is closed 
and locked the stop plate must abut within i¼ in of the line on the 
indicator plate. 
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2 Door emergency opening system 

WARNING : Above 40,000 fr. the door must not be opened 
until 6 seconds after the ABA DON AIRCRAFT notice is 

4 given. (Post-Mod . 38 7 when the cabin differencial pressure gauge 
indicates 1½ PSI). ~ 

(a) The crew door can be opened in emergency by a PARA
CHUTE EXIT EMERGE CY RELEAS E lever on the underside 
of the crew table. The level is covered by a spring flap. 

(b) When the lever is moved fully to the left air from an accumu
lator under the floor aft of the seep is admitted to the larch jack 
and to the door rams, forcing rhe door open. 

(c) The accumulator is charged via a valve in the aft face of the 
step, the air passing through a dehydration cell before entering the 

2
ac

0
~um~1la.cor

1
. dA dp:esshure .gau~e wdhich bshouldd rehad 2,h500 ~Sdl at e, 

c ts me u e in t e c1rcu1t an can e rea r roug a wm ow 

Fig. 1 Crew door 

(f) Mod. 2013 

To prevent the crew door lock freezing ii, flight, warm air from 

the air conditioning system is fed into each fastener channel 
through a nozzle and exhaust through lock mechanism into che 
cabin. 

in the aft side of the step. 

3 Pilots' ~scape hatches 

(a) Each pilot has an escape hatch above his head. A ditching 
handle, by means of which each hatch may be jettisoned is situated 
on each pilot's consok AE, AF. A hatch is also jettisoned when its 
associated ejection seat face blind is pulled. In either case a hatch 
is jettisoned by gas pressure from a cartridge operating on two 
ejection guns which force the front of the hatch upwards about 
two hinges at the rear end. These hinges disengage after the hatch 
has swung upward . 

(b) An external release is fined outboard of each pilot's escape 
hatch. When the release lever is pulled fully up, the batch is raised 
by the jettison gun springs. The hatch may then be pulled up and 

AL 3 JULY 65 RESTRICTl:D 

.e 



FS/53 

EXTE RN AL DOOR 
L£VE.R 

EMERG ENCY CONTRO L SELECTOR 

AP 45 06A & C--P N Part I, Chap. 14-Emrance Emergency Exits and Emergency Equipment 

INTE'.RNA L HA ND LE 

UN r\/EJ~$ AL JOI NT 

Fig. 2 Door fastening mechanism 

RESTRICTED 

f;:M ERGEN C'Y ii\l R BOTT LE 

------~ J ACK 

TORQUE TU BE EXTEN5 I ON 
FOR EMERGENCY CONTROL 



AP 4506A & C-PN Part I Chap. J 4-Entrance, Emergency Exi ts and Emergency Equipment 

outboard. When Mod. 2598 is embodied the release lever is 
rendered inoperative. On later aircraft embodying this modification 

the lever is not fitted. 

(c) Mod. 656 introduces an unlocking lever and stowage, to enable 

each pilot' escape hatch to be unlocked for servicing purposes. 
The chain clip must be detached and the lever pulled down before 
it can be rotated after the insertion of a tommy bar. (This system 
could also be used in emergency) . 

4 Escape hatch seals 

(a) An inflatable seal is on the lower edge of each escape hatch and 
can be inflated to a pressure of 10 PSI by air stored in a bottle 

mounted on each escape hatch. Each bottle is charged to 1,800 PSI 

and feeds through a pressure reducing valve. Th pressure in the 
bottles is shown by adjacent pressure gauges. 

(b) Alternative and interchangeable systems may be fitted. One 

system is controlled by an ON/OFF lever CO to inflate) and the 
other by a deflation plug which is removed to inflate the seal. 

(c) In the latter sytem, if an air bottle fails in flight, screw the 
deflation plug into its valve thereby allowing cabin pressure to 

inflate the seal. 

5 Crash axe and asbestos gloves 

The axe is secured in a stowage forward of the first-aid kit at the 
side of cak. 3. A pair of asbestos gloves is stowed below the head 
of the axe. 

6 First-aid kit 

This is stowed at the side of calc. 3. 

7 Signal pistol 

A signal pistol and a cartridge stowage are located in the starboard 
side of the cabin roof. In the stowed (or forward) position the pistol 
may be loaded. A spring-loaded plunger, which holds it in this 
position, may be withdrawn by finger pressure enabling it to be 
swung vertically to the fir ing position where it is again retained 
in position by a similar plunger. It is not possible for the pistol to 
be accidentally fired in the stowed position. 

8 Dinghy installation 

(a) The dinghy is carried in a compartment aft of the cabin in the 
starboard upper surface of the fuselage and is covered by a positive 
Jock hatch. The dinghy release handle, in the cabin, is pulled to 
release the hatch and to operate the CO 2 bottle which inflates the 
dinghy. 

(b) Should the CO 2 bottle become overheated a safety device 
permits the escape of CO, to an indicator in the dinghy hatch. The 
gas blows our a sealing disc and perspex cover causing red 
streamers ro trail from it. 

(c) The dinghy hatch can be released from outside by pulling a 
handle beneath a " break-in " panel. Once the hatch is open, the 
dinghy inflation handle can be pulled to inflate the dinghy. 

(d) A boar hook is positioned (post-Mod. 2910) on the cable duct 
below panel AJ and a nylon rope is below the starboard escape 
hatch, above the NBC crate. 
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9 Automatic hand line 

(a) When Mod. 3326 is embodied a guide rope is installed. It is 
connected to a point above the rear of the 2nd pilot's seat and to 
the entrance door. Its purpose is to assist rear crew members to 
escape under adverse flight conditions. 

(b) The rope, which is permanently attached co the roof, is fastened 
with a shackle to the closed crew door before cake-off. If the door 
is opened the rope is automatically pulled taut. Clips are provided 
in the roof to stow the rope when not in use. 

• (c) BC Mod. 039 alters the artachment point from the crew door co a 
position forward of 'the lower edge of the door, on the aircraft struc
ture. The position of the roof stowage is also altered . 

WARNING : This facili<ty muse not be used when a 6th crew 
member is carried as he may sustain injury or have his escape 
restricted when the entrance doo opens. 

10 " Crew gone " warning lights 

(a) Mod. 3955, Pan C (see also Chapter 10, para. ll(g)) introduces 
a " crew gone " warning system to provide indication to the pilot, 
by four blue warning lights on panel AZ, of each rear crew mem
ber's emergency evacuation of the aircraft. The 1ighrrs have a press
to-test facility . 

(b) As each crew member leaves the aircraft provided that his 
static line is correctly attached, a swi'tch built in rn the static line 
operates to switch on the appropriate warning light. ~ 
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Chapter 1-Engine Limitations 
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1 Limitations-Sapphire Mk. 202 or Mk. 207 NOTE 2: If the three datum JPT control is fitted, it maintains constant JPT 

at Take-off, Intermediate and Max. Continuous racing to 660 ° :'.. 1g 
625 ° ! 1g and 600 ° _ 1g respectively, Therefore engine speed will 
change with altitude and up to 20,000 feet the RPM for Intermediate 
and Max. cominuous may be allowed to increase to 98 ·5% and 96· 5% 
respectively. 

Condicio11 
Time limit Engine speed % ]PT °C 

(111ins.) (100%=8,600 RPM (max.) 

Take-off and Opera-
cional Necessity 10 100·5 660 

(see NOTE 1) 

Intermediate 30 98 625 
(see NOTE 2) 

Max. Continuous one 96 600 
(see KOTE 2) 

Ground Idling None 37 ·5 ± 2·5 650 

G round Starting - - 875* 

*{800 °c if modified gauges not fined) 

NOTE I : Without top temperature control in use great care must be 
taken not to exceed 660° c especially in high am'bien't temperatures. 

~ NOTE 3 : Below 10,000 feet, above 300 knots, t·he engines are not to be 
operated in the RPM band 80% to 85%, although they may be accelerated 
or decelerated through ir. ~ 

2 Oil pressures 

Minimum at Ground Idling 

Normal at Max. Continuous 

Minimum at Max. Continuous 

8 PSI 

30-38 PSI 

25 PSI 
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Chapter 2-Flying Limitations 
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1 General 

Para. 

I 
2 
3 
4 

(a) The Victor B Mk. 1 and Mk. lA aircraft are designed for 
manoeuvres appropriate to che role of a high altitude medium 
bomber. Some Mk. lA aircraft are equipped as tankers and are 
designated K Mk. lA-Two-poior. Ocher Mk. lA aircraft and some 
Mk. 1 aircraft are equipped as three-point tankers and are desig
nated K Mk. 1 and K Mk. IA-Three-point. 

(b) Aerobatics, stalling and spinning are prohibi ced. 
no t be reduced below that for Lhe onset of pre-stall 
also para. 8). 

2 Speed and mach number limitations 

peed must 
buffet. (See 

(a) Wit.h all PFC s working and with 
mach trimmer in operation 

both yaw dampers and auto-

From sea level to 34,000 feet . 
Above 34 000 feet . 

330 knots 
0·93M 

NOTE: o further limirntions are imposed for flight with any of the 
following inoperative : 

F light refuelling 
Tanker limitation 
Fixed droop leading edges . 
Aircraft approach limitations (AAL) 
Miscellaneous limitation 

Artificial feel unit 
Auto-mach crimmer 
One yaw damper 
Any one rudder PFC sub-unit 

Para. 

6 
7 
8 
9 

10 

(b) With any one or two aileron or elevator sub-units inoperativ/J 
Gentle manoeuvres only are permitted . 0 · 90M 

(c) For the operatian of the following services and fiight with them 
in the ex /ended position 
Bomb doors Mks. I and lA . No limit with Mods. 447, 862, 943 

and 2053 all embodied, other
wise 300 knots or O · 90M 

Airbrakes 
Undercarriage 

~ Flaps,atTAKE-OFF position 

at DOWN position 
Nose-flaps 

No limit 
235 knots 
190 knots 

4206) 
185 knoc:s 
0·75M 

(200 knocs, post-Mod. 
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~ (d) Brahe pa;·achute streaming 

{i) Normal . 

(ii) Emero-ency 

140 knots maximum at landing 
weight of 135,000 lb. 

Max. sJreaming speed (fmo1s) 

Chuie age Chuia age 
lfleighi (lb.) 5 .1/reams or l ess ('i lo 24 s1rcm11s 

135,000 
1'40,000 
145,000 
150,000 
160,000 
180,000 

162 
160 
158 
155 
151 
1143 

155 
153 
1'50 
1'48 
144 
136 

NOTE: Chutes which h:ive been used at emergency speeds must no t be 
re-used. > 
(e) Max. crosswind for take-off, landing and streaming the brake 
parachute 25 knots 

3 Weight limitations 

(a) For cake-off and landing in 
an emergency 185,000 lb. 

If Mod. 3152 is not embodied, the oleo leg pressures are to be 
increased to 1,500 PSI. 

(b) After refuelling in flight 

~ (c) For normal landings 

195,000 lb . 

135,000 lb. 

Brakes are nor to be applied above 125 knots if landing without a 
brake parachute. 

4 G limitations 

~ (a) The following acceleration £a tors are not to be exceeded, wirh 
ncgligtblc ai leron: 

(i) B Mk. l (Mods. 879, 935 embodied) mid B Mk IA aircraft 

All up weigh1 
1101 exceeding 

195,000 lb. Flight refuelled weight 

180,000 lb .. 

147,000 lb .. 

Up 10 0'9M 

1 ·7 G 

1 ·9G 

Z·3G 

Above 0·9.\1 

1 · 5G 

1 ·7G 

2·1G 

(ii) K Mk. 1 and K Mk. IA aircraft 

A.II 11p weighr 
1wr exceeding Up lO 0'9M Above o· 9M 

195,000 .lb. F ligh·t refuelled weight 1·65G 1 ·sG 

180,000 lb .. I ·75G l "65G 

147,000 lb .. z · oG l ·9G 

(b ) If buffet is experienced before the above readings are reached, 
a further increase in G is not permitted. 

(c) (i) The following acceleration factors are nor to be exceeded 
with maximu;n ai leron: 

All up weigh! 

Above 170,000 lb. 

ot exceeding 170 000 lb. 
Not exceeding 147,000 lb. 

Gentle manoeuvres 
permirred 

1 ·3G 
1·5G 

only are 

These hmirarions must be borne in mind when entering and leaving 
turns, particularly during evasive manoeuvres. 

(ii) Rapid application of aileron wid1 G is prohibited. 

(d) The undue application of negative G is co be avoided. 
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5 CG limits 
Aft limit, at all weights 
Forward li-rnit 
Up to 100 000 lb. 
At 160,000 lb. 
At 165,000 lb. 
At 170,000 lb. 

• At 175,000 lb. 
At 180,000 ~b. 
At 185,000 lb. 
Ac 190,000 lb. 
At 195,000 lb. 

161 in. afc of datum 

140 in . aft of datum 
142 · 5 in. aft of datum 
142 · 75 in. aft of datum 
143 in. aft of datum 
143 · 3 in. aft of datum 
143 · 7 in. aft of darum 
144 · 0 in. aft of datum 
144 · 3 in. aft of datum 
144 · 7 in. aft of datum 

and linear variation between these limits. 

6 Flight refuelling 
(a) Mk. IA aircraft are cleared for flight refuelling by day and 
night from KB50J tanker aircraft at 22,000 feet and 230 knots and 
from KC135 ranker aircraft up to 30,000 feet at 250 to 260 knots. 

(b) Mk. lA, (K) 1 and (K) IA aircraft are cleared for fligh t 
refuelling from (K) 1 or (K) IA tankers subject to the limitations 
of para. 7. 

(c) The maximum refuelled weight is not to exceed 195,000 lb. 

7 Tanker limitations 

(a) ( i) Tanker aircraft are not to be flown in the low level role. 

(ii) The normal aircraft limitations apply when the hoses and 
drogues are stowed. 

(iii) Only gentle manoeuvres are permitted when the hoses are 
trailed. Refuelling in icing conditions is not recommended. 

• (iv) Pending embodiment of Mods. 4262 and 4263 , refuelling by 
ni 0 ht is permitted only by three-point tankers in the case of small 
highly manoeuvrable aircraf t or if the receiver provides adequate 
lighting, since the inadequate canker lighting could lead to 

rece iver pi lot disorientation. 
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(v) In the training role, dry contacts are permitted, by day only 
unles t he receiver is cleared for night contacts. Blanking places 
are to be fitted to the hoses to ensure that no fuel i passed. 

(vi) The aircraft may be flown without pods provided that blanks 
are fitted on rhe pylons which arc left in position on the wing. 
F light with the Mk. 17 HOU removed is prohibited. 

(vii) If Mod . 4171 is not embodied in the Mk. 20 B pod 
pressurisation system the rate of descent must not exceed 
5,000 ft./min . when !'he pods are not full. 

(viii) Pending further trials the auto-pilot is not to be used during 
flight refuelling, except in the case of Lightning aircraft. 

(b) Trailing and trailed speeds-Mk. 20 B pods 

Under all cond itions the minimum and maximum speeds are to be 
ob erved. The speed range is a follows: 

Height 

Sea level to 24,000 ft. 

24,000 ft. 
to 

40 000 ft. 

Speed 

Min. M ax. 

230 kts. 310 kts. 

23 0 kts . 310 krs. decreasing 
linearly to 

260 krs./0. 85M 
at 40,000 ft. 

(c) Wind-in speeds-Mk. 20 B pods 
Hoses should normally be wound in ac the following speeds: 

H eight 

Sea level to 35,000 ft. 
35,000 ft. 

to 
40,000 ft. 

Speed 

Below 275 krs. 
Decreasing linearly 

to 
260 kts./Q·85M 
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~ (d) Trailing, tm iled crnd wind-in speeds-Mh. 17 I-TDU 

(i) High-speed drogue 
l Training role 

Max. speed. 270 knots up to 35,000 feet, decreasing linearly 
to 260 knots at 40,000 feet. 

Min . speed . 230 kno ts. 

2 Tan her role 
M ax. speed. 270 knots up to 25,000 feet, decreasing linearl y 

to 260 knots at 40,000 feet. 
Min . speed . 230 knots. 

( ii) Inten nediate-speed drogue 
Max. speed. 280 knots up to 34 000 feet, decreasing linearly 

to 260 knots (0 · 85M) at 40,000 feet; 0 · 85M up to 
43,000 feet. 

Min. speed. 210 knots up to 40,000 feet, increasing linearly 
to 230 knots at 43,000 feet. 

(iii) Low-speed drogue 
Noc yeL clea red for service use. ~ 

(e) Emergency-pods mid HDU 

(i) The recommended speeds for selecting EMERGENCY 
TRA1IL are as follows: 

AUW 

Up to 150,000 lb. 
150,000 lb. 

to 
195,000 lb. 

Speed 

200 kts. 
Increasing linearly 

to 
230 kts. 

( ii) The recommended hose jettison speed is 230 knots. 

~ (/) The following aircraft are cleared for both wet and dry contacts 
from the po itions rated : 

R eceiver Tanher Posit ions Day or Nigh! 

Victor Kl, BIA, KIA , 3-p·c. HDU D 
2 (BS), 2 (SR) 

Vulcan IA , 2 3-pt. lrDU D 
VClO Cl 3-pl. IIDU D I N 
Belfast* 3-pt. HD D 
FlOO 2/3-pt. AU D 
Buccaneer l and 2 2/ 3-pl. All D 
Lightni ng 2/3-pt. t All D/N :j: 

I A, 2 3, 5, in te rim 6, 6 
J avelin 9 2/3-pt. HDU, D 

porl pod 
(emergy o nly) 

Sea Vixen 1 and 2 2/3-pl. HDU, D 
stbd pod 

* Low-speed drogue clearance required . 
t The auto-pi lot may be used. 
+ Night con tact, , 3-point rankers only. ~ 

8 Fixed droop leading edges 
Mk. IA, (K) lA and (K) 1 aircraft embodying Mod. 2352 must 
not be flown at speeds below the onset of pre-stall buffet or the 
recommended threshold speed, whichever is higher. 

9 Ail'craft approach limitatiom (AAL) 
The AA L's are : 
GCA/Precision Radar 
GCA/Search Radar 
Manual ILS 

ILs/Zero Reader 
Auto ILS . 

250 feet above airfield level 
400 feet above airfield level 
350 feet above airfield level 
250 feet above airfield level 
250 feec above airfield level 

10 Miscellaneous limitations 
(a) The engines are cleared for use with A VTUR fuel. AVTAG fuel 
may be used, provided that ilica-gel ¼ in. plus crystals are used 
in the fuel cank pressurising system air drier and the silica-gel 
desiccant is inspected during primary star servicing. 
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~ (b) (i) Engine an Li - icing is cleared for use. 

(ii) Airframe anti-icing is cleared for use provided that the 
following modifications are embodied: 

B Mk. IA 2548A, B, , 2774, 2802 

K Mk. 1, K Mk. 11\ . 2802 

(c) T he Auto-Mach trimming system is only ro be switched on 

AP 4506A & - l'K ParL Il , Chap. 2-Flying LimiraLions 

when deliberate flighc beyond O · 85M is intended and is to be 
switched off before reducing speed below O · 84M. 

(d) Dry running of booster pump should be avoided. The pumps 
may be dry run for up to 30 minute withom damage bur beyond 
that limit serious deterioration will occur. There is no fire risk. In 
the 3-poinr anker role bomb 'bay rank booster pumps can be dry 
run for up to two hours without damage. ~ 
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NOTE : These chapters are de1eted. The current Bomber Command check lists are to be used. 

RES TR ICTED 

AP 4.S06A & C--PN 

AL 3 JOLY 6.5 



AP 4506A & C-PN 

Part IV-Engine and Aircraft Handling 

List of Contents 

Chap. 

Eugine starting and handling 1 

Taxying, take-oti and handling in Right 2 

Circuit and landing procedures 3 

Asymmetric flying and handJing with PFCU's failed 4 

RESTRICTED 



FS/ 1 AP 4506A & C-PN 

Part IV 

Chapter 1- Engine Starting and Handling 

List of Contents 

General 
S tar ting the engines using an external power supply . 
Scarring when external power supply is avai.lable for starting only 

one engine 
S'tartfog on internal power . 
Failure co start 

1 General 

Pam. 

2 

3 
4 
5 

Throughout it must be remembered rhat the relevant checks in 
Part III must be carried out at the appropriate times. 

2 Starting the engines using an external power supply 

(a) The recommended starting order is 3 -2 -1 - 4. 

(b) The following selections and checks must be made before 
engine starting: 

External eleccrical supply . 

L v batteries 
M v batteries 
Inverters . 

Alternators 
No. 1 Flight instruments circuit 

112v and 28v DC connected and 
ON 

ON 
QIFF 
No. 3 ON, No. 2 OFF, No. 1 

as required 
OFF 

breaker · Made 

Dry motoring cycle . 
Engine handling 
Use of the engines an ti- icing system 
Stopping an engine in fligh t 
Relighting in fl ight . 
$cop ping the engines . 

Fuel proportioners 
Fuselage booster pumps 
LP cocks . 
JPT control switches . 
IG ITT.ON and M O TOR 

ISOLATilON switches 
ENGINE SELECTOR 
START MASTER switch 

All NORMAL 
All on 
OPEN 
OFF 

ON 
No. 3 
GRO ND 

Para. 

6 
7 
8 
9 

IO 
11 

(c) 'Open tbe HP cock to the idling posirion (just beyond the gate) 
and press the START ·R PUSH button. The STARTER P SH 
button should lock in until released by the overspeed relay ( or on 
completion of the starting cycle after 30 seconds) and the AEO 

may monitor the stages of the starting cycle by wa tching for move
ments of the MV voltmeter needles. Engine light-up will be 
indicated by increasing RPM and JPT. When the spill-valve closes 
at 22 % RPM a sharp increase in JPT may be noticed. During the 
start the JPT may rise above the idling limit of 660°C and, if it 
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rises to 875 ° C (800°C on unmodified gauges) before engine speed 
reaches 18 · 5%- RPM, the HP cock must be closed immediately. If 
the engine is still accelerating at 18 · 5 'fr RPM with the JPT below 
800°C the start may be continued, even though the JPT rises to 
875°'C (800°C on unmodified gauges) lacer in the starting cycle. 
The JPT should be below 660°C when the engine reaches idling 
speed (3 7 · 5 + 2 · 5 % RPM). If during the start, the JPT exceeds 
875° or, if che fire warning light illuminates, close the HP cock 
immediately. 

(d) When the engine reaches idling speed check: 

Engine fire warning lights 
JPT . 

Oil pressure 

Out 
660° C maximum 
8 PSI minimum 

NOTE: The oil pressure may cake several seconds to build up, especially 
if the engine has not been run for some time. If the oil pressure fails 
to build up within 30 seconds of initiating the ~tart, stop the engine arrd 
carry out a dry motoring cycle. If the oil pressure fails to build up a 
second time, the fault must be investigated. 

(e) Start the remaining engines in a similar manner and, when all 
engines are running, put the ST ART MASTER switch co 
FL'IGHT, switch OFF the IGNITION and MOTOR ISOLA
TION switches and complete the after-starting checks. 

(!) Precautions 

The ST ARTER PUSH button must not be held in manually if 
it fails to be retained electrically after it has been pressed and has 
held. momentarily. Failure to observe this precaution may result in 
damage to the starter drive mechanism. 

3 Starting when external power supply is available for starting 
onJy one engine 

Start No. 3 (or o. 4) engine in the normal manner. When it is 
running satisfactorily switch ON its alternator and switch on the 
MV and LV batteries. Disconnect the ground supply and increase 

the engine speed to 751/c RPM . Subsequent engines may then be 
started in rhe manner laid down for starting on internal power. 

4 Starting on internal power 

(a) When it is necessary to use the aircraft internal batteries for 
starting engines, use of electrical services should be limited to those 
essential for engine starting and for the aircraft's safety, until all 
engines are running and their alternators switched on. 

(b) No. 3 (or No. 4) engine should be started first. 

When it is running satisfactorily, its alternator should be witched 
ON and. engine speed increased to ensure chat alternator output is 
sufficient for starting the remaining engines. Because of the airflow 
patterns in the combined engine intakes the engines on the opposite 
(port) si.de of the aircraft must be started next, the adjacent engine 
on the starboard side being started on ly when the first engine has 
been brought back co idling RPM. 

(c) Make the following selections and checks: 

All alternator switches OFF 
Flight instrument c i r cu i t 

breakers Made 
Port and starboard special 

feeders ON 
L V batteries ON 
LV BUSBAR PARALLEL! G 

switch 

Intercomm. switches 
ngine fire warning system 

HYDRAULIC WARNING 
Brake pressures 
Undercarriage indicator 
MV batteries . 
Fuel proportioners 

EMERGENCY (ON)' 
Indicator white 
ON 
Tesr 
Out 
2000 P I minimum 
3 green lights 
0 
BYPASS 
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Booster pumps 
LP cocks 

IG ITLON and MOTOR 

One fuselage pwnp on 
'No. 3 OPEN, LP fuel warning 

light out 

ISOLA TIO switches ON 
E GINE SELECTOR . No. 3 
START MASTER switch INTERNAL 
No. 3 type 350 inverter . 0 
MV PARALLELING indicator White 

Open No. 3 HP cock to the idling position and press the 
ST ARTER PUSH button. 

(d) When No. 3 engine reaches idling RPM check : -

Alternator circuit breakers . All made 
o. 3 ahernator O , light out. output normal 

Cooling fan warning lights Out 
Fuselage booster pumps All on 
Fuselage proportioner NORMAL 
LP cocks . All OPEN 

Increase No. 3 engine speed to 75·% RPM, open Nos. 1 and 2 HP 

cocks and start os. 1 and 2 engines in turn. 

(e) When Nos. 1 and 2 engines are started, switch ON their 
alternators and check that output is normal. Increase Nos. 1 and 2 
engine speeds to 75 % RPM and throttle back No. 3 engine to 
idling RPM. Open No. 4 H.P cock, start o. 4 engine and, when at 
idling speed switch O No. 4 alternator. Throttle back all engines 
to idling RPM and check: -

IG ITION and MOTOR 
ISOLATION SWITCHES 

ST ART MASTER switch 
MV PARALLELING indicator 
LV BUSBAR PARALLELING 

OFF 
FLIGHT 
Black 

switch NORMAL (OFF) 
LV PARALLELING indicator Black 
Complete checks and selections as required. 
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5 Failure to start 
(a) If an engine fails to light- up, the HP cock must be closed 
immediately. The engine must be allowed to come to rest and may 
then be motored over to clear excess fuel before the next attempt 
to start. If the surrounding ground becomes soaked with fuel the 
aircraft must be moved before attempting a restart. 

( b) After three consecuci ve operations of the starter motor, wait 
15 minutes for cooling before using the starter again. This allows 
only two attempts to start with a dry motoring cycle in between. 

(c) Following a failure co start or a dry motoring cycle, ensure that 
the engine has come to rest before the ST ARTER PUSH button 
is pressed again . 

6 Dry motoring cycJe 

The procedure for a dry motoring cycle is similar to a normal start 
except that the I G ITION ISOLATION switch is left OFF and 
the HP cock is left CLOSED. The STARTER PUSH button will 
release after 30 seconds, and engine speed should reach at least 
10.5 % RPM. 

7 Engine handling 
(a) At all t imes the engine handling limitations must be observed. 
Any instance of the limitations being exceeded must be reported. 

(b) The throttles may be opened or closed rapidly under any flight 
conditions but, except in emergency, more gentle handling of the 
throttles is recommended. 

(c) Running a single engine above 52 · 5-% RPM 

When running any engine above 52 · 5 % RPM the speed of the 
other engine on the same side should be increased to a minimum of 
52.5 o/o . This is necessary because the engine being run at high 
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speed will partially starve the oth r engine of air if it is left at 
idling speed. This will result in a decrease in speed on the idling 
engine and an excessive rise in JPT; the engine may flame out and 
an engine fire result. 

(d) Take-off and climb 

(i) If the initial climb to 20,000 feet is made at full power, 
engine speed may increase to 100.5 % RPM but, above this height, 
a negative creep device gradually reduces engine speed with 
height to maintain the JPT within limits. As a result, full thro ttle 
engine speed at 45,000 feer will be about 97.5 % RPM. However, 
irrespective of the engine speed obtained at full throttle, the 
throttle settings must be reduced m intermediate power within 
10 minutes of take-off. 

(ii) Without automatic jct pipe temperature control, when climb
ing at engine speeds above 93 % RPM but below full power, it is 
necessary to adjust the throttle settings to maintain the selected 
engine speed or to keep the JPT within limits. 

(iii) When the 3-damm automatic jet pipe tempera ture control 
is fitted, the throttles may be left in the fully open position after 
take-off and, with the JPT isolation switches O , the selected 
JPT, as determined by the JPT controller, is maintained at all 
altitudes with corresponding changes in engine speed. 

NOTE: Failure or isolation of the JPT controller on an engine whi lst 
CRUISE or CLIMB is selected, will result in a slow rise in engine speed 
and JPT. In this case, control the engine speed and JPT by normal throttle 
manipulation 

8 Use of the engines anti-icing system 

~ (a) The system should be brought into use during 1the pre-rake-off 
checks when the OAT is below + 3°C and the relative humidity 
exceeds 90 ~/, or the visibility is less than 1 000 yards in fog or mist. 
Reference is to be made to ·the Opera ring Data Manual for take-off 
performance corrections. The system may be used for take-off and 
during all conditions of flight when icing conditions are encountered. ~ 

(b ) When the system is in use the available take-off thrust varies 
with OAT. T he following are the relative figures, expressed as a 
percentage of ISA take-off thrust: 

+ 5° C 
0°C 
5°c 

-10°C 
- 20° C 

94· 5% 
97 % 

99·5 % 
102 7< 
107% 

(c) The use of the ant1-1cing system causes the JPT to rise by 
approximately 25 ° m 30° C, if the system is fully OPEN and by 
approximately half that figure if the HALF-OPEN position is 
selected. If automatic JPT control is not fined it may be necessary 
to reduce the throttle setting to avoid exceeding the max. 
permissible JPT. Where automatic JPT control is fitted, engine speed 
will be reduced automatically. 

NOTE: HALF-OPEN should be selected whenever the engine speed is 
above 82 % . OPEN should be selected at engine speeds below 82% . 

9 Stopping an engine in flight 

To stop an engine in fli ght or if an engine fails, close the throttle 
and bring it back through the gate to shut off the HP cock. The 
alternator must be switched OFF. The LP cock must be closed only 
if the engine actually stops turning or if there is a risk of fire. 

10 Re]ighting in flight 

(a) Relighting is progressively more certain with decrease in alti
tude and the chances of a successful relight are greater if the 
engine is warm. 

(b) If an engine flames out for reasons other than mechanical 
failure or deliberate shut-down, a relight may be attempted 
immediately, while engine speed is decreasing, by pressing the 
relight button with the throttle at its set position. A successful 
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relight will be indicated by the engine speed stabilising and then 
commencing to rise. The likelihood of a successful relight is 
reduced if height is above 40,000 feet. 

(c) For relighting a cold engine the following procedure should be 
used: 

(i) Adjust airspeed until the failed engine is windmilling at 
23 · 2 % RPM-the optimum windmilling speed for relighting. The 
minimum windmilling RPM for a successful relight varies from 
11 · 5% at 10,000 feet to 17 · 5% at 35,000 feet. Above 36,000 
feet it is necessary to maintain a windmilling RPM as near to 
17 · 5 % as the minimum flight speed will permit. 

(i i) Check the following: 

Booster pumps 
LP cock 
Starter master switch 

ON 
OPEN 
FLIGHT 

(iii) With the HP cock shut, press and hold the relight button. 
~ After 3 seconds release the HP cock gate and move the throttle on ~ 

to the IDLING stop, continuing to press the relight button. 
When the engine speed has increased by 3 %, release the relight 
button. If the JPT rises to 66° C and continues to rise, the HP cock 
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should be closed immediately. This action should also be taken 
if the engine has not lit within 15 seconds of initially pressing 
the relight button. 

(iv) After an abortive religh t attempt, the engine and jet pipe 
must be drained of unburned fuel over a period of three minutes 
before a further relight is attempted. If circumstances permit, 
the second a ttempt to relight should be made at a lower altitude 

~ after checking the igniter fuse. Not more than three unsuccessful 
attempts to relight should be made on any one engine in one 
sortie. One of the attempts should be made using the other relight 
button. 

(v) If time permits, all unnecessary electrical loads should be 
taken off the affected bus-bar before the relight button is pressed. 
The alternator should be switched ON when the RPM have 
stabilised. As soon as the voltage and current is stable, the normal 
loads may again be placed on the bus-bar. ~ 

11 Stopping the engines 
When all MV electrical loads have been switched off, switch OFF 
the alternators and stop the engines by closing the HP cocks. Do 
not close the LP cocks or switch off the special feeders until the 
engines have stopped rotating. 
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Part IV 

Chapter 2-Taxying, Take~Off and Handling 1n Flight 

List of Contents 

Taxying 
Take-off 
Safety speeds 
After take-off 
Climbing 

1 Taxying 

Para. 

2 
3 
4 
5 

(a) At the normal operating weight and on level concrete, about 
47 %-58% RPM will be required to start the aircraft moving, 
thereafter sufficient thru t for taxying is obrained with all engines 
idling. Very litrle turning effect is achieved by the use of asymmetric 
thrust, and the throttles should be moved symmetrically. Care 
should be taken not co increase the power on on engine above 
52 · 51% while the other engine on the same side is below this 
figure. As soon a the aircraft has begun to move, check that the 
brakes are operating evenly and efficiently and then at the earliest 
opportunity test the nose wheel steering. 

(b) Differential braking may be used with the nosewheel steering 
to initiate turns, but thereafter the nosewheel steering system alone 
should be sufficient. The aircraft can be steered by using the toe 
brakes independently but this procedure should not normally be 
used since the force required to caster the nosewheel results in 
harsh changes in direction with resultant strain on undercarriage 
components. 

Flying controls . 
Stalling 
High-speed flight 
Descent 
Flying in turbulent condi tions 

Para. 

6 
7 
8 
9 

10 

(c) The minimum ruming circle can be achieved at full steering 
lock. However when small radius turns are essential it may be 
necessary to assist the nosewheel steering with slight application of 
brake. 

(d) The total fuel consumption when taxying with all engines 
idling is 95lb./min. 

(e) The wing tips cannot be seen from the pilot's seats, but the 
crew members can give guidance for clearance. Ground crew 
surveillance should always be given when taxying in confined 
spaces. 

2 Take-off 

(a) Carry out the pre take-off checks. 

(b) Align the aircraft on the runway and apply foot brakes. With 
maximum brake pressure at the wheels, open up the engines. 
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Depending on their condition, the brakes may slip before maximum 
engine speed is achieved. If brake slip occurs at an engine speed 
of less than 93 % RPM, the brakes must be considered unserviceable. 
As soon as full throttle is applied the following checks should be 
made: 

Engine speed 

JPT . 

Oil pressure 

Electrical power circuits 

99 % ro 100 · 5% RPM 

660°C max. 

25-38 PSI 

Functioning normally 

(c) When the brakes are released the initial acceleration is slow, 
particularly at the heavier all-up weights, and the aircraft will 
swing into any cross-wind. At forward and mid CG loadings the 
aircraft can be kept straight with nosewheel steering initially and 
then by rudder as this becomes effective at 90 knots. At aft CG, 
nosewheel steering is Jess effective, and it may be necessary to use 
the wheel brakes to hold a straight run until the rudder becomes 
effective. The nosewheel should nor be raised until 10 knots below 
the unstick speed, when slight backward pressure of the control 
column should be applied and the aircraft flown off. 

( d) Table of unstick speeds 

Take-off weight (lb. ) 

100,000 

110,000 

120,000 

130,000 

140,000 

150,000 

160,000 

170,000 

180,000 

Unstick speed (kts. ) 

115 

120 

125 

130 

135 

140 

145 

150 

155 

3 Safety speeds 

If an engine fails with the remaining engines at take-off power, the 
aircraft can be held straight using nosewheel steering until at about 
80 knots, assuming no cross-wind, rudder alone may be used. The 
safety speed therefore will always be below the unstick speed and 
the decision to continue or abandon the take-off will depend on 
the aircraft weight and prevailing runway cond itions as determined 
by the Operating Data Manual. Longitudinal trim is not a.fleeted 
by engine failure. 

4 After take-off 

(a) When safely airborne select undercarriage . In Mk. 1 
aircraft apply the parking brake and wait 5 seconds before retract
ing the undercarriage. Speed must not exceed 185 knots until the 
undercarriage and main flaps are fully retracted. To avoid a steep 
angle of climb, RPM should be reduced to maintain 625 °C JPT (or 
slightly less at low AUW's) immediately after the undercarriage has 
been selected P. 

(b) At a safe height, and when the undercarriage is fully retracted, 
select main flaps UP, and select nose flaps to A TO. When the 
main flaps are fully retracted select climbing power and accelerate 
to climbing speed. The nose flaps will retract automatically when 
the main flaps are fully retracted provided that the aircraft is not 
in a high CL condjtion. 

(c) Complete the after take-off checks. 

5 Climbing 

(a) The recommended climbing speed is 300 knots. However, from 
considerations of aircraft fatigue life, speed should not be increased 
above 250 kts. until reaching 10,000 ft. Thereafter climb at 
300 kts. until this speed is coincident with O · 83 M, and then 
continue to climb at O · 83M. 
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(b) When maximum rate of climb is required the engines should be 
left at take-off power for up ro 10 minutes. Nom1ally climbing 
power (98o/( RPM, 625° C JPT) should be selected and CLIMB 
selected on the JPT controller (if fitted ). 

(c) For the cruise climb the engines should be set as computed for 
prevailing conditions, but the maximum continuous power setting 
is 96 % RPM. The maximum permissible JPT at this power setting 
is 600° C. With JPT control fitted the engine speed will decrease as 
altitude is increased. 

6 Flying controls 

(a) Ailerons 

The aileron are effective and forces are light throughout the speed 
range. The stick forces increase with speed and also with aileron 
control surface movement. At ·peeds above 150 knots, the ailerons 
give very good response. Below 150 knots, response deteriorates, 
but control in che approach configuration is still good. 

(b) Elevators 

The elevators are effective throughout the speed range with good 
response. Stick forces increase wirh speed and with increased 
elevator angle but remain reasonable. 

(c) Rudder 

The rudder is effective throughout the speed range down to 
approximately 80 knots. The pedal forces increase with speed and 
deflection and at high speed are very heavy. 

(d) Effect of airbrakes 

The airbrakes may be extended at any speed. Extension at high 
power settings produces light airframe buffet. They are very 
effective at high speeds and remain u.fficiently effective at low 
speeds to permit effective drag control on the approach. 

(e) Changes of trim 

Lowering and raising the undercarriage 

Main flaps from fully up to fully down . 
Main flaps up from fully down 

Main flaps up from take-off . 
Main flaps from up to rake-off 

egligiblc 
Moderate nose-down 

Moderate nose-up 

Slight nose-up 

Slight nose-down 

NOTE: The main fl aps arc of the Fowler rype which, when selected down, 
first travel rearwards and then roLale downwards. Following the selection 
of take-off or landing flap rhere i a delay of about 13 seconds, during 
which time the flaps are moving rearward, before any rrim chang, ;s felt. 

Nose flaps out or in 
Airbrakes in and out 
Bomb-doors open or closed 

Negligible 

egligible 

egligible with moder
ate buffec at high !AS 

(f) Fixed droop leading edges (post-Mod . 2352) 

The handling characteristics of aircraft fitted with fixed droop 
leading edges are similar to those of aircraft fitted with nose flaps. 
A slight reduction in longi tudinal stabiJjty is noticeable when 
flying with an aft CG, and this characteristic is more pronounced 
when flying at low indicated airspeeds. Speed muse not be reduced 
below the recommended threshold speeds or the onset of pre-stall 
buffet which occurs at approximately 5 knots lower than with nose 
flaps when main flaps are r tracted and at the same peed as with 
nose flaps when main flaps are extended. 

7 Stalling 
(a) Stalling is not permitted and speed must not be reduced below 
the onset of pre-stall buffet. With wings level, an exaggerated 
nose-up attitude will be apparent before the onset of pre-stall 
buffer. If it is intended to approach the buffer region the nose-flaps 
should be selected OUT. With nose-flap selected IN, and par
ticularly at aft CG loadings a slight lightening of elevator loads 

RESTR ICTED 



AP 4506A & C-PN P art I V, Chap. 2- Taxying, Take-off and H ~ndling in Flighc 

and mild pitch-up may occur some 5-10 knots before the onset of 
pre-stall buffet. With the aircraft in the clean configuration (or with 
nose-flaps lowered) the initial pre-stall buffet is an unmistakable 
light buffe t of moderate frequency. With undercarriage and flaps 
lowered the initial pre-stall buffet may be masked by general 
airframe buffet. If the ini tial buffet is felt recovery must be made 
immediately by lowering the nose and opening the throttles to 
increase speed. If recovery action is not taken and speed is further 
reduced, the buffet will become modera te before changing to a 
heavier and more irregular " lwnpy" buffet. However, the control 
should remain effective and the aircraft remain controllable, though 
with some difficulty. On aircraft with fixed droop lead ing edges 
the onset of pre-stall buffet may occur at airspeeds some 5 knots 
lower than on unmodified aircraft when main flaps are rerracted 
but the rate of increased of buffet intensity wi th fur ther reduction 
in speed will be greater . 

(b) Stalling in tums 

Approach to the stall in turning fli ght is indicated by the onset 
of light buffet which is followed by moderate buffet. I t is possible 
for buffet: to be encountered before rhe G limitations are reached. 
Recovery accion, which is effected by reducing the backward pull 
on the control column_, must be taken as soon a buffe t is 
experienced. 

(c) Recovery from a stall or supentall 

If recovery action is not taken early enough, the aircraft may stall 
and then possibly enter a sp in or a stable stalled glide (Superstall). 
The latter condition is most easily recognised by the extremely high 
rate of descent (up to 10,000 or 15,000 fpm) combined with low 
IAS, with the nose remaining on or near the hori.zon and with all 
controls apparently useless. In either evenrJ the s:ick should be 
held fully forward and full rudder app lied agai ns t any rotation. 
Ailerons should remain abouc neucral and power should be 
reduced. The aircraft should then recover. If, however, the above 
recovery action is ineffective, the braking parachute should be 

streamed. Because of the very high aircraft incidence, this will 
produce a large nose-down moment and unstall the aircraft. The 
parachute is likely co break away during the ensuing dive, recovery 
from which should be made as gently as possible. 

8 High-speed tugbt 

(a) A t high indicated airsp eeds 

The IAS limitation is 330 knots. Flight at high indica ted airspeeds 
presents no special diffi culties. Ac low altitude the aircraft is 
easily capable of exceeding the limiting speed in level flight. 
Therefore, when accelerating co the limiting speed care must be 
taken to throttle back early to avoid exceeding this speed. Elevator 
movements should be made smoothly and deliberately, otherwise 
pitching will develop and accurate speed control will become 
difficult. 

(b) A t high mach numbers 

(i) Aulo-mach trimmer operative 

The auco-mach trimmer provides a progressive nose-up trim 
change as speed is increased above O · 85M although rhe trimmer 
magnetic indicator may nor go white until O · 87M is reached. 
If the magnetic indicator does not show white when O · 88M is 
reached, speed should be reduced to O · 85M and the auto-mach 
trimmer switched OFF. Careful trimming is required to main
tain a ready speed in the region of O · 85M, but at slightly 
higher speeds trimm ing is easier. The aircraft should no r 

~ normally be tri mmed at speeds in excess of O · 92M. Flight at 
high maeh numbers should be carried om with the wings reason
ably level and in any case bank angles should not exceed 30° at 
speeds above O · 90M. 

(ii) Because of the ease with which the aircraft may be accele
rated, care must be ta ken not to exceed the limiting mach ~ 
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number. However, in case this speed should be exceeded inad
vertently, the following description of flight at mach numbers 
above O · 93M is given. Above O · 93M slight buffet occurs and 
and there is a decrease in control effectiveness. This decrease in 
effectiveness is most marked on the ailerons, particularly below 
40,000 fr. and is due to aileron jack stalling. (Rap id heavying of 
the control hinge movements restricting the aileron deflection 
which can be achieved with the full output of the power control 
units). A moderate push force is required to maincain O · 95M. ~ 
Above O · 9 5M a slight wing drop may occur; this can be 
checked with the ailerons although ai leron control, particularly 
below 40,000 ft., is then very limited. Above 0·97M aileron 
control is negligible and there is little benefit to be gained by 
forcing the control wheel against the over-travel spring. Above 
0 · 93M to O · 94M the sense of roll induced by side-s lip is 
reversed (i.e. application of top rudder lower a depressed wing 
rather than raises it) and in certain conditions he roll in g moment 
resulting from application of top rudder can completely counter
act that produced by the ailerons. In order to avoid the possibility 
of instinctive and unwitting applica tions of top rudder when 
rolling the aircraft at high mach number the rudder pedals 
should be freed if O · 93M is exceeded with any bank applied. 
Recovery from high mach number is best accomp lished by closing 
the throttles, extending the airbrakes and applying up-elevator, 
maintaining the wings level or rolling level with aileron and 
leaving the rudder pedals free. 

(c) Auto-mach trimmer inoperative 

As speed is increased beyond O · 87 M a slight, though progressive, 
nose-down trim change occurs and speed must only be allowed to 

exceed O · 90M when excep tional circumstances require such higher 
speeds. As speed increases above O · 90 M an increasing pull-force 
is required to control the aircraft. 

9 Descent 

(a) Cruise descent 

Close the throttles and with airbrakes, flaps and undercarriage 
retracted, descend at a constant speed of 210 kts. The nose flaps 
should be selected to AUTO and allowed to extend when the speed 
decreases below O · 70M. The descent from 50 000 ft. to sea level 
will take about 35 minutes. 

(b) Other descents 

In all other descenrs the airbrakes should be out, with under
carriage and all flaps retracted. With the throttles closed, select the 
speed appropriate to the type of descen t: 

Normal QGH 0·84M/240 knots (4000 fpm) 

Rapid descent 0·90M/300 knots (7000 fpm) 

~ Max. rate descent 0 · 93M/330 knots 

WARNING : A max. rate descen t should only be made in 
extreme emergency; t11e rate of descent must be reduced if the 
fuel tank pressure warning light comes on. 

10 Flying in turbulent conditions 

The recommended speed for flight in conditions of severe tur
bulence is 220-250 knots or O · 87M, whichever speed is achieved 
first. 
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Part IV 

Chapter 3-Circuit and Landing Procedures 

List of Contents 

Joining the landing pattern 
Visual circuit 
Instrument approaches 
Landing . . . 
Use of the brake-parachute 

1 Joining the landing pattern 

Para. 

1 
2 
3 
4 
5 

Before descending to join the circuit or approach pattern, carry 
out the pre-descent checks and select the ILS as required. When 
level at the circuit or pattern height, select nose flaps OUT at 220 
kts. and lower the main flaps to the TAKE-OFF position at 
185 kts. Carry out the pre-landing checks and reduce to the 
recommended speed, which is 20 knots above the threshold speed 
for the weight. The recommended pattern (or circuit) speeds, final 
approach speeds and runway threshold speeds for various aircraft 
weights are shown on the accompanying graph. 

2 Visual circuit 
When carrying out a visual circuit, maintain the recommended 
pattern speed until suitably positioned at approximately 90° to the 
runway. Select main . flaps DOW and reduce power as required, 
aiming, whenever possible, to be approximately lined up with the 
runway at about 600 ft. at the recommended approach speed. 

Use of the wheclbrakes 
Crosswind landings 
Flapless landing 
Overshooting . 
Roller landings . 

Para. 

6 
7 
8 
9 

10 

When the decision to land has been made, reduce speed progres
sively aiming to round-out over the runway threshold at the 
recommended threshold speed. If a steep approach is made and a 
large change of attitude is necessary to round our, buffet and a 
tendency to sink may be experienced ; in this case the threshold 
speed should therefore be increased by approximately 5 knots . 

3 Instrument approaches 

When carrying out ILS or GCA approaches, maintain the recom
mended pattern speed until 2 mile before interception with the 
glidepath. Select main flaps DOWN and reduce power as necessary 
to maintain speed on the glidepath at the recommended approach 
speed. During the final stages of the approach and when in visual 
contact with the runway, reduce speed progressively aiming to 
round-out over the runway threshold at the recommended threshold 
speed. 

~ NOTE: Variable airbrake procedure is recommended duriag che approach. ~ 
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4 Landing 

Provided that a good approach has been made landing the 
aircraft presents no difficulties. Cross the threshold at the recom
mended speed, gradually closing the throttles. Round-out and 
allow the aircraft to sink gently but firmly onto the runway, a 
prolonged hold-off is not recommended. When the main wheels 
are firmly on the ground, lower the nosewheel onto the runway. 
A slight push force may be required and throughout the landing 
run the 2nd pilot should maintain a moderate push force on the 
control column to assist nosewheel steering effectivenes . If it is 
intended to use the brake-parachute, this should be selected to 
STREAM when the main wheels are on the runway and the nose
wheel lowered whilst the parachute is deploying. Wheel braking 
action may be commenced when the nosewheel is finnly on the 
runway, provided that the speed is below the maximum braking 
speed for the conditions prevailing. 

5 Use of the brake-parachute 
(a) The maximum permissible speed for streaming the brake
parachute is 140 knots. Under normal conditions, use of the 
brake-parachure to reduce the landing run is recommended. When 
the mainwheels are firmly on the runway, and when the speed is 
below 140 knots select the brake-parachute to STREAM and 
lower the nosewheel onto the runway whilst the parachute is 
deploying. Full deployment usually occur 4-5 seconds after 
selection. If the airbrakes have been extended during the approach 
they should be closed before t he brake-parachute is streamed . 
When the parachute deploys fully, retardation is marked. 
Maximum retardation is achieved by streaming the brake-parachute 
as early in the landing run as possible. The retarding effect is 
noticeable down to approximately 70 knots but very little advantage 
is gained from using it below that speed. 

(b) The maximum permissible crosswind component for streaming 
the brake-parachute is 20 knots. When the parachute deploys in 
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crosswind conditions, a marked nose-into-wind yawing effect occurs, 
the degree of yaw increasing with increase in cross-wind component. 
The yawing effect must be anticipated and the aircraft kept 
straight by using rudder differential braking and nosewheel steering 
as required. If directional control cannot be maintained with full 
use of these controls, the brake-parachute must be released by 
selecting the switch to SAFE, and wheelbrakes used to stop the 
aircraft. 

(c) To achieve a clean jettisoning of the brake parachute it should 
normally be released at the end of the landing run before reducing 
to taxy speed. When it is certain that the aircraft can be stopped 
comfortably with normal use of wheel-brakes select the brake
parachute to SAFE. If the parachute should fail to jet tison, no 
further selections should be made but the aircraft should be stopped 
when clear of the runway and the fault investigated. 

6 Use of the wheelbrakes 

(a) Before landing check that the brake pressure gauges indicate 
4,000 PSI that the parking brake is off and that the pilot's feet are 
clear of the brake pedals. Brake pressure must not be applied 
before the wheels have touched the runway and are rotating. 

(b) The shortest landing run (with or without streaming the brake
parachute) is obtained by lowering the nose onto the runway and 
applying heavy brake pressure continuously. On dry surfaces the 
maxaret units normally prevent the wheels from locking if excessive 
brake pressure is applied but, unless the shortest possible landing 
run is required, more gentle use of the brakes is recommended. As 
a safeguard against locking the wheels during a bounce the maxaret 
units remain inoperative for several seconds. When the nosewheel 
is firmly on the runway, provided that the speed is below the 
maximum braking speed for the conditions prevailing, apply light 
pressure to both brake pedals . As speed decreases, gradually 
increase the pressure unti l when the aircraft speed is very low 
maximum pressure may be applied to stop the aircraft. 
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(c) On wee surfaces, retardation may be considerably reduced 
according to the degree of wetness of the runway surface. 
Generally, under wet runway conditions it is recommended that 
light intermittent braking action be commenced as soon as the 
nosewheel is firmly on the runway. The brake pressure may be 
progressively increased and may be held continuously as speed 
reduces. If slip or skid is felc the pressure should be released 
momentarily and then re-applied gradually. 

(d) On flooded or icy runways a drastic reduction in brake effective
ness must be expected and, whenever possible, such conditions 
should be avoided. However if a landing on a flooded or icy run
way has to be made, it is essential to achieve the recommended 
threshold speed and make an accurate touchdown at the beginning 
of the runway. The brakes must be used carefully throughout the 
landing run. Because of the possible decrea ed effectiveness of the 
wheelbrakes in assis ting maintenance of directional control, careful 
consideration must be given to the desirability of streaming the 
brake-parachute in crosswind conditions. 

7 Crosswind landings 

A crosswind landing presents no special difficulty, and the crab 
technique is recommended. The maximum crosswind component 
for safe landing is 25 knots. See paragraph 5(b) for use of the 
brake-parachute after landing. 

8 Flapless landing 

If the flaps fail to lower when either normal or emergency selec
tions are made, the normal pattern speed for the weight should be 
flown and when commencing the descent for landing this speed 
should be maintained and decreased by 10 knots at the threshold. 

The 2 degrees glide path technique should be employed g1vmg a 
flat approach and care should be taken on the round out since 
heavy elevator movements may re ult in the rear fuselage striking 
the ground. Practice flapless roller landings are not recommended. 

9 Overshooting 

Overshooting from any height presents no problems. Select air
brakes in and open the throttles to the required power setting. 
More than adequate power should normally be available, and 
engine speed may be reduced a required when the overshoot has 
been initiated in order to avoid climbing away at an excessively 
steep angle. At a safe height complete the overshoot checks. 

10 Roller landings 

(a) When carrying out roller landings it is not necessary to lower the 
nosewheel on the runway. However, if it is intended to reduce speed 
during the roll to below 90 knots, or in strong cross-wind conditions, 
the nosewheel may be lowered to assist maintenance of directional 
control. 

( b) When opening the throttles, pilots should be prepared for some 
difference in response from each engine. Care must be caken to 
avoid adopting an exaggerated nose-up attitude as the aircraft 
accelerates, and ro avoid lifting off the ground at too low a speed. 
The aircraft may be flown off comfortably at the threshold speed 
for the A w. 

~ ( c) After an asymmetric approach and landing, all throttles are 
ro be closed to the idling position before power is re-applied to all 
four engines ~ 
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Part IV 

Chapter 4---Asymmetric Flying and Handling with 
PFCU's Failed 

List of Contents 

1 HandJing in flight 

Handling in flight 
Approach and landing 
Overshooting 
FJjght with PFCU's failed 

(a) Flight with one engine stopped presents no unusual handling 
problems and under certain conditions may be indistinguishable 
from four-engine flying. Any rudder loads may easily be trimmed 
our. With two engines on one side stopped it is possible to trim 
out all loads in cruising flight. However, if two engines on the 
same side are stopped at high altitude ac speeds above O · 75M 
severe buffet is experienced due to the choking of the stopped 
engines air intake. This buffet is less marked at lower altitudes 
and lower airspeeds. 

(b) The stopping of any engines entails loss of electrical supply 
from the associated alternaters, and the electrical system should be 
managed in accordance with the relevant instructions in Part I and 
Part V. If two engines on one side are stopped and the bus-bars 
are not paralleled, one sub-uni t in each PFCU is inoperative. Only 
gentle manoeuvres are pennined under these conditions and the 
aircraft should be landed as soon as possible. 

Para. 

1 
2 
3 
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2 Approach and landing 

(a) As long as the necessary total power can be obtained from the 
operative engines, the techniques for approach and landing using 

~ three engines should be as normal, except that the lowering of full
.flap should be deleayed until it is certain that a landing can be 
made. 

(b) During an approach using two engines, the calculated approach 
speed for the weight should be maintained down co the decision 
height of 200 feet above 'the airfield level. Full flap should then be 
lowered when required. ~ 

3 Overshooting 

(a) With one engine stopped it is possible to climb away after a 
baulked landing with the main flaps and undercarriage down at 
all weights. The airbrakes should be closed as soon as the overshoot 
is initiated. 

RESrRICTED AL 3 JULY 65 



AP 4506A & C-PN Part IV, Chap. 4-Asyrnrnetric Flying and Handl'ing with PFCU's Failed 

(b) With two engines stopped the aircraft can climb away with 
full flap and undercarriage down, airbrakes in, at the normal 

4 landing weight. The overshoot must be commenced at or above 
the decision height and rhe approach speed. During the climb 
away to a safe height the speed should be maintained at or above 
the pattern speed. ~ 

4 Flight with PFCU's failed 

(a) Failure of any one PFC sub-unit 

The failure of a PFC sub-unit has a ne"'ligible effect upon aircraft 
handling within the flight limitations stated in Part II. 

(b) Failure of a complete elevator PF CU 

The degree of control available following the failure of a complete 
elevator PFCU is sufficient for all normal manoeuvres bu t ]anding 
in this condition requires considerable concentration, as control 

forces are higher than normal and response is less. The most 
critical period occurs during the round out and, to ensure that 
suffici nt control is retained to accomplish this manoeuvre, it is 
recommended that the landing i made using take-off flaps only 
and the threshold speed increased by 20 knots. 

(c) Failure of a complete aileron PFCU 

The fai lure of an aileron PFCU produces considerable disharmony 
of the controls and results in a much reduced maximum rate of roll. 
Despite these effects the degree of control remaining is sufficient 
for all normal manoeuvres and, in calm weather conditions, a 
landing may be made using the normal technique and threshold 
speed. The increased control force and reduced aircraft response, 
however, demand that special care is taken to avoid having to make 
large rolling corrections at a late stage on the approach. In gusty 
or cross-wind conditions the threshold speed should be increased 
by 20 knots. 
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Part V 

Chapter 1-Engine Emergency Procedures 

List of Contents 

Engtue fire 
Engine mechanical failure 
F lame extinction 

1 Engine fire 

Para . 

2 
3 

NOTE: If a fire occurs in one engine it is recommended th at the adjacent 
engine is also closed down. Depending upon t he stage of flight th is may 
not always be practicable and aircrafr captains must base their decision 
upon the circumstances at the time of the incident. 

(a) Indication 

Fire in an engine is indicated by the illumination of the appro
priate red E GI E FIRE WARNING light. 

(b) Immediate actions 

(i) Warn crew. 

(ii) Press ENGINE FIRE WARNING button. (This action 
should automatically close the appropriate HP COCK, LP cock and 
alternator cooling close shutter). 

(iii) Close both HP and LP cocks on the affected side. 

(iv) Select ECM alternator to main bus-bar. 

(v) Check that rhe ALTERNATOR COOL CLOSE light has 
ill uminated. 

(c) Subsequent aclions 

(i) Reduce speed. 

(ii) CLOSE appropriate cabin air isolation cock 

Engine failure during rake-off 
Two-engine failure in flight 
Foll r-cngine fla rnc-ou t 

(iii) Switch O unaffected wing and fuselage pumps. 

Para. 

4 
s 
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(iv) Select unaffected wing and fuselage proportioners to BY
PASS. 

(v) CLOSE both crossfeed cocks. 

(vi) Switch OFF affected wing fuel pumps. 

(vii) Select affected proportioner to NORMAL. 

(viii) CLOSE affected WING ISOLATION COCK. 

(ix) If the fire is in the port side CLOSE the LO G RANGE 
ISOLATIO cock and switch OFF bomb-bay tank pumps. 

(x) Switch OFF affected alternators. 

(xi) Complete load shedding drill. 

(xii) Parallel bus-bars at captain's direction. 

(xiii) Check externally by use of the periscope. 

(d) If the fire fails to go out, prepare to abandon the aircraft. 

• (e) If a fire occurs on or soon after take-off, and a heavy weight 
circuit and landing is carried our, it may be sufficienr to swi'tch off 
the M v battery and monitor the LV supply rather than ro carry out 
the full load-shedding procedure. If the port engines are flamed-out, 
Tacan must be switched off. ~ 
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2 Engine mechanical failure 
If an engine fails under conditions which indicate a mechancial 
failure, immediately stop the engine by closing the HP cock and LP 

cock. Keep close observation for warning of engine fire. Switch OFF 
the alternator. 

3 Flame extinction 

If an engine fails under circumstances in which it is unlikely co 
have suffered mechanical damage, and is not showing signs of 
mechanical damage but is windmilling at a reasonable speed for 
the flight conditions prevailing, an attempt may be made to relight 
it. During the relight attempt a careful watch must be kept on the 
engine fire warning indications and the JPT, oil pressure and RPM 

gauges. At the slightest sign of malfunction close the HP cock and 
LP cock and make no further attempt to relight the engine. 

4 Engine failure during take-off 
(a) If a single engine fails during take-off while below the "stop" 
speed, the take-off must be abandoned. Throttle back all engines, 
stream the brake-parachute and use wheelbrakes as required. 

(b) If an engine fails above the "stop" and "go" speeds, continue 
with the take-off. The safety speed will always be below the unstick 
speed. As soon as possible, depending on the circumstances of the 
failure, attempt to relight the failed engine, or stop ir by closing 
the HP cocks and LP cock. 

(c) If two engines fail during take-off, it may be necessary to 
throttle back the two remaining engines to assist in maintaining 
directional control. 

5 Two engine failure in flight 

(a) If two adjacent engines fail in flight, pilot's actions must be in 
accordance with the indications of the failure. 

(b) No indication of m echanical failure 

(i) Throttle back. 

(ii ) Select alternative fuel supply. 

(iii) Attempt immediate religh t on each engine in turn. 

(iv) Descend continuing ro attempt relights 

Recheck fuel selections. 

(c) Indications of m echanical failure 
(i) Close HP and LP cocks . 

(ii) Monitor the engine fire warning lights bur do not press 
unless fire is indicated. 

(iii) CLOSE cross-feed cock and wing isolation cock. Switch off 
booster pumps in affected wing and select proportioner to 

ORMAL. Ensure fuel supply ro other engines by switching on 
fuse lage booster pumps and selecting fuselage and unaffected 
wing proportioners LO BYPASS. 

(d) In both cases the 1\EO should take the appropriate action for 
double alternator failure. Bus-bar paralleling action may be taken 
at the captain's discretion. 

6 Four engine flame-out 
(a) Indications of failure. Indications should be obvious, engine 
instruments and loss of thrust. 

(b) Actions 

(i) Attempt hot relights immediately. 

(ii) Captain orders "load shedding". 

(iii) Crew carry out action as detailed in Table 1. 

(iv) If above 25 ,000 feet, maintain speed at O · 9M or 300 knots. 
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This is an attempt t0 maintain generation by high windmi ll ing 
RPM. 

NOTE : During this drill the AEO must monitor the TRU/ LV ammeter and, 
if the readings fa ll to within 5 amps of the zero point rhe field circuit 
breaker of the a· ·ociaced alternator must be tripped. This is to prevent 
di cha rge to the alternator field at low windmill RPM . 

(v) At 25,000 feet put any additional uel pumps ON (minimum 
3 pumps in any one group) reduce co optimum relighLing con
ditions and attempt relight . 

(vi) Continue attempts ro relight and if unsuccessful abandon 
aircraft. 

If the MV bu -bar voltage falls co 75 volts at any rime du ring the 

drill the aircraft must be abandoned immediately. 

Table 1 

FOUR E GINE FLAME-OUT DRILLS 

l Caprai11 2 Co-pilot 3 A.E.O. 4 Navs. P & B 

[mmediate Actions 1. Warn crew "Load hed" I. Proponioners to BYPASS I. Parallel bus-bars if sa fe 1. Load shed 

2. Descend, auemrting hot 2. Load sbcd 2. Load shed 
relight 

Subsequent Actions l. Auempt further relight I. Inform A.E.O. when each l. Switch off alternators when 1. T ake up aba ndon aircraft 
engine fa ll , below 25 % associated engine fa I I s positions 

2. Adjust speed and attitude RPM below 25 % RP.,1 

for rear crew escape 2. P a5s pos itjon to co-pilot 
2. R educe booster pumps to 

3. If no re light order " Pre- absolute minimum 
pare lO abandon aircraft " 

3. Transmit distress call 

NOTE I: It is assumed that the alternators will not come off line immediately, and, therefore, the immediate actions will take 
place with alternators ON. 

NOTE 2 : Thi drill as ume the emergency happen when the aircraft is nc heighr. At low level the actions would be 
modified for immediate rear crew e cape. 

NOTE 3 : ' Load shed " implies all loads OFF except : -
(a) Booster pumps as required 
(b) Minimum PFcu's 
(c) Flight in trumenr 153 inverter 
(d) tandby yaw damper if required 
e) VHF/ UHF sec when in use ~ 
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Part V 

Chapter 2-Airframe Emergency Procedures 

List of Contents 

Failure of a PFCU 

Overheating of a PFCU 

ConLrol surface trim runaway 
Control surface trim failure 
Yaw damper failure . 
Auto-mach trim ra;1ure 
Cabin pre sure failures 
Escape hatch jettisoning 
Flight with escape hatches jettisoned . 

1 Failure of a PFCU 

( a) Indication 

Warning light comes on. 

(b) I rnmediate action 

Para. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

Switch off the affected sub-unir. This action does not cancel the 
warning light. 

(c) Subsequent action 

One attempt may be made to restart the sub-unit. If the warning 
light stays on, switch off the sub-unit and leave it off. 

2 Overheating of a PFCU 
(a) Indication 
Overheat warning indicator shows white. 

Para. 

Action in the event of complete loss of plenum chamber pressure 10 
Nose flap fai lure 11 
Hydraulic sysLem failures . 12 
Oxygen failures 13 
Notes on electrical malfunctions 14 
Load shedding . 15 
Electrical system failures 16 
Fuel system fai lures . 17 

(b) Immediate action 

Switch off the affected PFCU. 

(c) Subsequent action 

When the magnetic indicator shows black, wait five minutes and 
switch on the PFCU. If the magnetic indicator again shows white, 
switch OFF and leave OFF. 

3 Control surface trim runaway 

(a) Indication 

Marked change of aircraft trim. 

(b) Immediate action 

(i) Release trimmer and call "Trim runaway". 

(ii) Take stick force and alert other pilor ta assist if necessary. 

R E S T.R I C TE D 



AP 4506A & ·C--PN P art V, Chap. 2-Airframe Emergency Procedures 

(ii i) Reduce speed if necessary. 
(iv) Retrim on alternative switch. 

(c) Subsequent action 

AEO trips circuit breaker of faulty trimmer on panel AJ or AV. 

Circuit Breaker 
1 sr Pilot Co-Pilot 

Panel 'Panel 

Console Selector Trim Switch Master AV AJ 

" " " " 
Rudder AV AJ 

" " " " 
Aileron AV AJ 

" " 
, ,, Elevator AV AJ 

Control Column E levator Trim Swi tch AJ AV 

•OTE: The M·aster circuit breaker cuts our rhe associa1ed console switch 
only, leaving the other pi lot's spectacle swi tch operative. 

4 Control surface trim failure 

(a) Indication 

No response to trim selection. 

(b) Action 

(i) Make no further selections of the affected control un til its 
circui t breaker ha been checked. 

(ii) If tripped, reset the circuit-breaker. 

(i ii) Make a trial operation of the trim at low airspeed. 

(iv) If the control still fails to operate, or again causes the 
circuit-breaker to trip, break the circuit and use the alternative 
trim. 

NOTE: If a trim runaway occurs, the circuit breaker must be tr ipped 
immedia tely and the alternative tri m used for the remainder of the night. 

5 Yaw damper failure 

(a) Indications 

Yawing oscillations or yaw trim force. 

~ (b) Action 

Switch hydraulic yaw damper to ST A DBY and standby yaw 
damper ON. If the indications continue switch the hydraulic yaw 
damper OFF, this action cues d1e feedback circuit and allows the 
rudder to run 4° in one direction or the other. The standby yaw 
damper should be switched to ST A DBY and the rudder trim 
used to neutralise the rudder; this will slightly offset the rudder 
pedals; tbe standby yaw damper should then be switched ON and 
hydraulic yaw damper left OFF. ~ 

6 Auto-mach trim i'ailure 

(a) Indications 

(i) Sticking in one position of extension 

Gradual change from nose-up to nose-down trim force as speed 
is increased in the operative speed range. 

(ii) Moving to fully extended or re:racted 

Sudden nose-up or nose-down trim change. 

(b) Immediate action 

Reduce speed co below O · 85M and switch off. 

(c) Subsequent action 

(i) Retract the actua tor in small increments by selecting control 
switch to RESET in short "blips". 

(i i) If the indicator remains black do nor increase speed above 
~ 0·87M. ~ 

7 Cabin pressure failures 

( a) Loss of cabin pressure 

(i) Indications 

Warning lights come on. Horn sounds if cabin alti tude exceeds 
42,000 feet. 
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(ii ) Imm ediate action 

NOT E: Flood flow if sel to AUTO operates automatically, but wi ll cycle 
once cabin altitude reduces lo below 26,5 00 feet. 

Warn crew assume manual control by switching off master flood 
flow switch and increase or decrease mass flow by selections 
between FLOOD and LESS AIR. 

(iii) Subsequent action 

Check for leaks and that all cabin pressurisation system switch 
selections are correct. When no longer required , select the flood 
flow reset swirch co RESET until the indicator goes black. 

( b) Over-pressurisation 

(i) indications 

Cabin altimeter reads lower than correct figure for altitude. 

(ii) hmuediate actions 

1 Warn crew. 
2 Level our, if climbing. 
3 Do nor exceed 30,000 feet . 
4 Dump excess pressure TO obtain correct cabin altimeter 

reading. 
5 Select COMBAT, if on CRUISE. 

(ii i) Subsequent actions 

If over-pressurisation persists switch off the starboard isola tion 
cock and then maintain cabin pressure by alternate on/off 
switching of the port isolation cock. The port engines bleed 
isola tion cock may be switched off and the cabin pressure main
tained by alternate on/off switching of either one of 1he e 
switches. 

NOTE 1 : If over-p ressurisat ion is caused by i11adver1e 111 operation of flood 
now, switch off the flood flow ,yslem and RESET. 

NOTE 2: 1f over-pressurisation is caused by 11om1a/ opera tion of the fl ood 
flow system, manually con trol p ressure by ESS AIR selection. 

NOTE 3: If cabin pressurisation occurs at low alti tudes, check tha t the 
pre.,sure comroller ground test lever is flush . 
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(c) Rapid or explosive depressurisation 

(i) Indications 

Warning lighcs illuminate. Horn sounds if cabin altitude exceeds 
42,000 ft. Noise of decompres ion and cabin misting. 

(ii) l mmediate action 
Warn crew "Emergency Descent toggles down." Crew 
acknowledge. Throttle back, ex tend airbrakes, descend at 
0 · 93M/330 knots until cabin heigh t is 30,000 ft. or below. 
Check flood flow is opera ting ; if necessary select manually. 

( iii) Subsequent actions 

Check selection of ABA DON AfRCRAF1 switch, EMER
GE CY DECOMPRESSION switch, E GINE BLEED 
ISOLA TIO switches, CABI AIR ISOLATION switches. 
Select alternate secting on cabin pressure selector switch. 
If depressurisation is due to incorrect switching, RESET Jiood 
flow. 

If the failure is due ro puncturing of the cabin walls, use leak 
toppers if possible. 

!\OH: Maximum cabin height is +2,000 ft. in emergency onl y. 

8 Escape hatch jettisoning 

(a) Post-Mod. 2789 

Automatic jettisoning occurs when associated ejection seat face 
blind handle is pulled. 

(b) To jettison manually, pull up associated ditching handle. 

9 Flight with escape hatches jettisoned 

(a) Flight tes ts have shown that at speeds of 250 knots and over, 
with one or both pilots' escape hatche removed, normal in ter
communication will be extremely difficul if noL impossibk Cabin 
al titude may exceed actual altitude by up to 2,000 feet. 

(b) Airflow conditions and buffet level at the pilots' statjon for 
speeds in excess of 180 knots are not uncomfortable, but below 180 
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knots the buffet level and airflow in the cockpit increase abruptly 
and will become increasingly more severe wirh a further reduction 
of speed. Difficulty will be experienced in seeing due to the dust and 
airflow unless the eyes are protected by d1e use of goggles. The 
lo s of one or both hatches wili not affect the stalling speed, and 
the normal approach speeds should be used . 

(c) The inadvertent loss of the pilots' escape hatches may result in 
damage to the airframe especially the rear fuselage. Therefore the 
aircraft should be flown at an airspeed as low as is practicable, i.e. 
220 knots and below and only gentle manoeuvres performed unti l 
the extent of the damage if any. is confirmed . 

JO Action in the event of complete loss of plenum chamber 
pressure 

(a) There is no immediate danger of overheating and mis drill 
should be carried ouc with care and attention. The ob ject of the 
load shedding is to reduce all mu loading evenly. No excessive 
overheating should rake place if the TR loading is reduced to a 
maximum of 30A per M v channel and 20A per L v channel, and 
there is no rc,triction on fl .ight duration if these maxima are 
achieved. If the plenum/dinghy hatch i missing airspeed should 
be restricted to a max. of 240 knots with an optimum of 210 knots 
or less to avoid possible damage to the airframe aft of the hatch. 

(b) Action 

(i) ECM equipments all OFF. Return alternator to main electrical 
system. 

(ii) Load shed selectively, Port and Stbd. , as follows, monitoring 
ammeters: 

1 Hydraulic pumps-both OFF-use one when required 
2 PFC 's- switch OFF numbers I, 4, 6 7 10 
3 Proportioners-BYPASS 
4 Fuel pumps-minimum of 3 in a group 
5 Inverters-all OFF except fl t. instruments 
6 NBC and H2s-circuir breaker tripped 

7 Scanner stabilisation~OFF 
~ 8 VHF /UHF-either set OFF ~ 

9 Yaw dampers-Normal to STANDBY/Standby as 
required 

10 Ami-icing-As required 
11 External and Internal lights-Minimum 
12 I s-OFF 
13 ADF-OFF 

~ 14 HF-m in imum use rhen~OFF 
15 Ration heatet CB's tripped 

( iii) Check plenum hatches with periscope. 

(iv) If panel BA ammeter loading excessively uneven then 
parallel at captain's discretion . 

11 Nose flap failure 

(a) Failure to lower 

(i) If che nose flaps fail tO lower at any time when AUTO is 
selected and the lift co-efficient is high or when the main flaps 
are lowered try lowering by selecting nose flaps OUT. If me 
nose flaps still will not lower, take action as in (ii) and (iii) 
below. 

(ii) Manocu,v,-ing 

The speeds at which the CL warning lights will come on may 
vary due to the tolerance in the setting of the pressure ratio 
switch, and to extraneous aerodynamic effects such as rolling 
motion or rate of increase of incidence. Pre- stall buffe will 
occur at approximately 15-25 kno t below the CL warning 
speed. Whilst manreuvring, therefore, ma in tain speed above 
that at which the CL lights operate. 

The table on next page list the ranges of speeds at which the CL 
warning ligh·s will come on with the undercarriage, nose flaps 
and main flaps retracted. 
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Wi. (lb) 

100,000 
110,000 
120,000 
130,000 
l-l-0,000 
150,000 
160,000 
170,000 
180,000 

IAS-lG Flight 

155-170 
160-175 
165-180 
170-190 
175-195 
185- 205 
190-210 
195-215 
200- 220 

(iii) Circuit and landing 

IAS-l½G Flight 

185- 200 
195-210 
200- 220 
210- 230 
215-240 
225-250 
230-255 
240-265 
245- 270 

For the circuit and landing, 10 knots must be added to the 
recommended speeds shown on che approach speed chart. Gentle 
turns with as little acceleration as possible must be used, there
fore the downwind leg must be wide and the turn to the cross
wind leg delayed. If lower speeds are used pitch-up may be 
experienced as the aircraft nears the ground if a complete failure 
of the nose flap to lower has occurred, or a combined pitch-U!J 
and severe wing drop if both nose flaps on one side only have 
failed to lower. 

(b) If the nose flaps fail to retract automatically proceed as 
follows: 

(i) Select nose .flaps IN. 
(ii) If they fail to retract, the aircraft must not be flown at 
speeds above O • 75M and the limiting IAS. 

(iii) Flight with the nose flaps extended will increase tbe drag 
and have a corresponding effect on range characteristics. 

12 Hydraulic system failures 
NOTE 1 : This drill lays down the action to be taken in the event of known 
hydrau lic maUuncrions. Other faults due to extraordinary causes, i.e. 
stray earths, loose leads, etc., cannot be covered by check lisc drills. 

NOTE 2: The order in which the drill is written is considered to indicate 
the most probable sequence of events. By referring to the index be.low the 
drill may be started at the appropriate paragraph and, should subsequent 
faults deve lop, followed to its logical conclusion. 
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NOTE 3 : The following is a list of situations as nominated in the drill: -
(a) During take off 
(b) No. 1 pump peaking (Sortie U.K. Arca) 
(c) No. l pump peaking (Overseas F lights) 
(d) No. 1 pump failure or float swi tch operation before let-down 

(e) Aircraft unclean-range considerations 
(j) No. 1 pump fails or float switch operates during lee-down p rocedure 

(g) Airbrakekss let-down procedure 

(h) o. 2 pump fails / float switch operates during let-down procedure 

• (i) Cold soak procedure ~ 

(a) During take off 
If either floar switch light illuminates or either pump fai ls: -

1. Both pumps OFF at once 
2. Reduce to circuit speed, select 

unaffected pump-AUTO 

3. ndercarriage-DOWN (leave down) 
4. Nose flaps~OUT 
5. Flaps-TAKE OFF-Pumps- OFF 

6. Reduce to landing weight, serviceable 
pump AUTO for final landing 

(b) No. l pump peaking (Sortie U.K. Area) 

1. No. I pump OFF 

2. Do not try No. 2 pump 

3. Aim to complete planned sortie 

If unaffected 
pump fails or 
float switch 
operates ( see 
sub-para. (h)) 

4. No. 1 pump may be selected to AUTO whenever hydraulic 
services are required throughout the flight 

5. If No. 1 pump fails or its float switch operates: -
(i) Before let-down (see sub-para. (d)) 

(ii) During let-down (see sub-para. (f)) 

(c) No. 1 pump peaking (Overseas fiights) 

1. No. 1 pump OFF 
2. Do not try No. 2 pump 
3. If poss'ible proceed to home base 
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4 . Reduce height rn appropriate flight level below 42,0000 feet 
5. Do not operate bomb doors or airbrakes (unless vital for 

aircrew safety). Select nose flaps-IN 
6. If o. 1 pump fails or its float switch operates: -

(i) Before let-down (see sub-para. (d)) 
(ii) During let-down (see sub-para. (J)) 

(d) No. 1 pump failure or fioat switch operation before let-down 
1. Switch pump OFF 
2. Do not use No. 2 pump 

~ 3. Descend co a fligh t level below 40,000 feet 
4. Abandon sortie 
5. Re turn to base or select suitable airfield 
6. Plan airbrakeless descent co approx. 25 ,000 feet (see sub

para. (g)) 
7. If the aircraft is unclean a·t the time of failure (see sub

para. (e)) 

(e) Aircraft unclean-range considerations 
1. No. 1 pump OFF- do not select ON 

2. Wirh both pumps OFF, attempt to clean up aircraft by 
selecting: -

Airbrakes-NORMAL I 
Bomb doors- ORMAL CLOSED 

3. If aircraft remains unclean calculate fuel required to reach 
destination 

4. If essential to reduce drag select: -
o. 2 pump-AUTO 

When aircraft is clean, pump-OFF 
5. When approaching destination (see sub-para. (g)) for airbrake

less let-down 

(f) No . l pump fails or ffoat switch operates during let-down 
procedure 

Before airbrahes extended 
1. No. 1 pump OFF 
2. (See sub-para. (g) 3) 

., 

A fter airbrakes extended 
1. Both pumps OFF until ready for undercarriage DOWN 

2. Select nose flaps-I 

3. o. 2 pump AUTO-undercarriage 
DOWN 

4. Power- as required 
5. Nose flaps OUT o. 2 pump 
6. F laps TAKE OFF fails or 

7. Airbrakes IN float switch 

8. No. 2 pump OFF operates (see 

9. For final landing No. 2 pump A TO 
sub-para. (h)) 

10. Select ful l flap . Pump OFF 

11. On touch-down select usable pumps 
to AUTO 

(g) Airbrakeless lei-down procedure 

1. Calculate position at which to commence slow descent to 

approx. 25,000 feet in area of descent point 

2. Inform controlling authority of intentions 

3. At 25,000 feet select nose flaps IN, reduce to 185 kts. 

4. No. 2 pump AUT10-undercarriage 
DOW - pwn p OFF. (The effect of 
cold soahng on micro switches may 
delay the indication of 3 green (see 
sub-para. (j) for cold soak procedure)) 

5. At descent point No. 2 pump AUTO 

6. Main flap TAKE OFF-nose flaps 
OUT-pump OFF 

7. Commence descent at 180 kts. 

8. Leave pumps OFF until final approach 

No. 2 pump 
fa'ils or 
float switch 
opera tes (see 
sub-para. (h)) 

9. When full flap required-No. 2 pump A TO-when flap 
down switch OFF 

10. On touch-down select usable pumps to AUTO 
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(h) No. 2 purnp fails /float switch operates during let-down 
procedure 

1. Continue airbrakeless let-down 
2. Inform A.T.C. "Unable to taxy, require towmaster" 
3. Select one serviceable pump to AUTO, leave other pump 

OFF until landing 
4. Make emergency selections only 
5. When U/C locked down select- NORMAL DOWN 
6. When flaps are at TAKE OFF, select nose flaps-OUT 
7. If possible reduce fuel state to 8,000 lb. for landing 
8. If the U /C was lowered before the system went into emer

gency the effect of return fluid may make nosewheel steering 
available for landing. This fluid would be put to better use 
in topping up the brake accumulators 
Plan not lo use nosewheel steering 

9. On touch-down co-pilot will call out brake pressures. At 
3,000 PSI the AEO will select usable pumps to AUTO 

10. Do not taxy 

'4 (j) Cold soak procedure 

If three greens are not obtained: -
1. When the hydrau lic pump in use goes " off load '' select it 

OFF 
2. Continue descen t without flap 
3. At check height select one serviceable pump to AUTO 
4. When three greens are obtained, make flap selections as appro-

priate to the hydraulic situation. ~ 

13 Oxygen failures 

(a) Anoxia 

This can occur at any altitude in excess of 10,000 ft. In the event 
of anoxia: 

~ (i) Check regulator (doll's eye and pressure gauge). Select 
EMERGENCY pressure and 100% oxygen. 
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(ii) Check mask tube and connections. 

(iii) If in doubt change to alternative supply. 
(iv) 'lf there is still no oxygen supply, operate the emergency 
oxygen set and descend to a cabin altitude of 10,000 feec. ~ 

(v) On training flights, if alterna tive supply used, reduce air
craft altitude to 45,000 ft. 

(b ) Decompression sickness 

In the event of decompression sickness: 
~ (i) Immediately reduce cabin altitude to below 10,000 ft. ~ 

(ii) Check oxygen regulator and connectors and select EMER
GENCY pressure. 
(iii) Land as soon as possible. 
(iv) Arrange fo r Medical Officer to meet the aircraft on landing. 

(c) Hyperventilation 

This can occur at any altitude. The commonest cause of hyper
ventilation is anoxia. 

(i) Check that anoxia is not present. 
(ii) Select EMERGE CY pressure, to check oxygen fl ow and 
return to normal. 
(iii) Control the rate and depth of breathing. 

(d) Oxygen magnetic indicator failure 

If the oxygen magnetic indicator fails to operate, but breathing is 
not impeded, check that the pressure regulator valve indicates 
normal pressure (200-400 PSI) and select 100% oxygen. If breath
ing remains unimpeded the magnetic indica tor only is at fault and 
rhe sortie may be continued. A further check may be made by 
pressing in the EMERGE 1CY switch and checking that breathing 
pressure is increased. 

( e) Oxygen supply failure 

If the oxygen magnetic indicator fails to operate and breathing 
becomes impeded, check the oxygen connections. If connections are 
correct, select 100% oxygen and press the EMERGENCY switch. 
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If this fails to clear the fault, operate the emergency oxygen supply 
ii cabin altitude is above 10,000 ft. If cabin altitude i below 
10,000 ft. loosen the mask from the face and do not operate 
emergency oxygen supply. The emergency oxygen supply will last 
for approximately 10 minutes. To continue flight at cabin altitude 
above 10,000 ft . connect mask to an alternative regulator ( ixth 
seat or bomb aimer prone position). 

14 Notes on electrical malfunctions 

(a) Bus-bar paralleling 

The split bus-bar system is a major safety factor in the electrical 
system, therefore bus-bars should only be paralleled when they 
have been proved safe by the use of the appropriate battery and 
associated volt/ ammeter. 

(b) The L v bus-bar reverse current 1·eset switch 

This switch should not normally be used in flight to recover a 
failed battery but in the event of a complete Joss of alternator and 
battery LV supplies, range considerations or subsequent faults 
might create an ememe emergency which might justify its use. 

(c) Loss of an LV battery 

If an LV batery is lost and cannot be reset avoid throttling back 
both engines simultaneously on that side or both alternators may 
fail also. This is due to the ·Frequency Sen ing Units in the Trans
former Rectifier Units moving to the Low Power condition simul
taneous with the throttle movemen t, thus momentarily breaking 
the TRU LV supply to the bus-bar. As no LV battery supply is 
available on the bus-bar the subsequent lack of alternator field 
current will cause both alternators to fail. Non-synchronous move
ment of the throttle will prevent this by ensuring that one TRU is 
supplying field current to both alternators whilst the frequency 
sensing uni t of its companion is moving to the Low Power position. 

(d ) Double alternator failure 

In all instances where nvo alternators fail on one side or are 
switched off, load shedding should be carried out a listed in the 
double alternator failure drill. However, the L v battery should not 
be switched off immediately such an emergency occurs as it is 
important to retain various indicators and control circuits, the most 
important of these being, Engine Fire Warning, PFCU indicators, 
Hydraulic control and indicators and Abandon Aircraft lights . If it 
is not possible to reset the alternators and a decision is made not 
to parallel the bus-bars the L v battery will become discharged if 
left on. Therefore after the immediate emergency is over it is 
advisable co switch it off and trip the L v feeder circuit breakers 
on the failed side. If the battery voltage is kept above 19 volts it 
can be used for important control and indicator circuits as although 
some indicators wilJ work at very low voltage, control circuits 
become useless below 17 volts. 

15 Load shedding 

The following tables list all the M v loads and the main L v loads, 
which may be shed. 

MV loads 

Switch off appropriate MV Battery to ensure complete load shedding 

Port MV Bus-bar Starb oard MV Bus-bar 

Nos. 1 and 2-350 Inverters No. 3-350 Inverter 
Flight Instrument Inverter 
No. 1 Hydraulic Pump 
Odd PFCU's 

Red Fuel Pumps 
H2S Amplidyne 
Ration Heaters 
TR Cooling Fan 

Green Satin Inverter 
No. 2 Hydraulic Pump 
Even PFCU's 

Green Fuel Pumps 
H2S Scanner 
Ration Heaters 
TR Cooling Fan 

Attention is drawn co the small H2S load on both bus-bars which 
will preclude the use of H2 when either bus-bar has completely 
shed its loads. 
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Main L v Loads 

No. 1 LV Bus-bar No. 2 LV Bus-bar 

Landing lamps 
II F 

• No. 1 VHF / UHF 

Starboard Piroc head heater 
Panel lights 
NBC 
H2S 

IFF Mk. 10 
Radio Altimeter 

avigation lights 
Tacan 

16 Electrical system failures 

Fai/11re 

S 1NGLE ALTERNATOR FAILURE 

(ElecLrical) 

Main Alternator control 
Trim control 

~ PFCU control 
Cabin ventilation 
Tail anti-icing 
Engine anti-icing 
Starboard wing anti-icing 
Port wing anti-icing 
Wing air exit shurrers 
Trip circui t-breaker lP 25 

UHF 

Panel lights 
• No. 2 VHF /UHF 

Port Pitot head heater 
Cabin lights 
Trim control 
Main Alternator comrol 
Cabin Temperature control 
ADF 

Engine anti-icing 

Tail anti-icing 
Port wing an ti-icing 
Starbcard wing anri-icing 
Bomb-bay heating 
Wing air exit shutters 
Controlled AC supplies and flight 

instruments standby DC 

Flying controls 
Bombing controls and indicators 

NOTE: I n the event of double engine or double a lternator failure wherr 
it is decided not to parallel, the LV bauery wil l be switched off to 
conserve iL after t he immediate emergency is over. The hydraulic, fuel 
PFCu and invencr control circuits will be affec ted as detai led under these 
sections. 

l ndica1io11 

Power Failure Warning Light 
ON 

2 Appropria te ammeter on panel 
BA reads zero 

A ction 

l. Check a I tern a tor fi eld circu it-breaker 

(a) I f tripped: 

(i) witch OFF 

(ii) Reset circuit-breaker 

(iii) Switch ON 

(b) I f not tripped : 

2. Check AC i11dica1on 

(a) If AC indicator for serviceable al ternator on the same bus-bar is 
horizontal 

(i) witch OFF, then ON 

(ii) If PFWL relights, switch OFF and take no further action (l ine to 
line fau lt) 

(iii ) D o 11ot trip J\C circuit-breaker 
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Failure 

SINGLE ALTERNATOR FAIL URE 

(Elcctrical)- conr. 

S INGLE ALTERNATOR FAILURE 

,.Electrical)- conr. 

DOUBLE ALTERNATOR FAIL "RE 

l 11dicatio11 

1 Low Power Light ON 

2 Power Failure Warning Light 
ON 

3 Ammeters on panel BA read 
zero 

I Bo th Power Failure Warning 
Lighrs ON 

2 Ammeter on panel BA read 
zero 

Ac1io11 

(b) If AC indication for 1.111serviceable alternator 1s horizonta l, check feeder 
circuit breaker on pane l BB 
I f tripped: 

(i) Switch OFF 
(ii) R eset the circu it-breaker 
(iii) Switch ON once only 

(c) I f both AC indicarors a,·c 11on11al: 

3. Switch OFF the u/ s alternator and wait for a period of 30 seconds 

4. Swiech ON once only 

(a) PFW light goes out and remains out. o further action 

(h) rFw light goes out and immediately comes hack on, switch OFF and 
leave OFF 

(c) PFW light goes ou r anJ comes back on after a delay, swi tch OFF and 
leave OFF 

(d ) PFW light remai ns on, switch OFF and leave OFF 

1. I f engine RPM below S I o/, 

(a) Swi tch OFF and wait for a period of 30 second 

(b) Swiech ON 
(i) If Pl'WL goes ou t and remains out no further action 
(ii) If PFWL relight , switch OFF and leave OFF 

2. I f engine RPM above .5 1% 

Swi tch OFF and leave OFF (sheared alternator drive) 

1. AEO warns captain 

2. Switch OFF the fail~d alternators 

3. Switch OFF appropriate M v bauery 

4. Select lhe fue l proporcioners in me to BYPASS and reduce LV loads on 
failed bus-bar where I ossible as follows: 

No.lLV o.2 L\' 
Tacan 
!ff 

No. 1 VILF/ UILF 

!FF, JLS 

Landing lamps 
Lighting 
Starboard Pitol head heater 
Trip circuit breaker JP 25 

UHF 

No. 2 VHF/ UILF 

ADF 

Lighting 
Pore Pitot head heater 
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Fail,ll'a 

DOUBLE ALTERNATOR FAILU RE 

-com. 

FOUR ALTl,RNATOR FA I LURE 

Al' 4506A & C-PN Part V, Chap. 2- Airframc Emergency P rocedure~ 

I 11dicatio11 Action 

L Power failure warning lights on 

2 Ammeters on panel BA read 
zero 

3 A fall in all vo ltmeter readings 

4. Switch OFF M v loads on fai led bus-bars as fo llows 

Porr MY 

Odd PFCU's 

No. I Hydraulic Pump 
N os. I and 2- Type 350 ln-

vencrs 
F light I ns trument (153) Inverter 
Red fuel pumps 
Bomb-bay " A " pumps 
T rip H2s circui r-breake r 
Pilots' ration heaters 

Starboard MY 

Even l' f Cu's 

o . 2 Hydrau lic Pump 
No. 3 Type 350 I nvencr 
G reen Satin (153) Inv~ner 
G reen fue l pumps 
Bomb-bay " 13 " pumps 
Trip H2s circui t-b reaker 
Crew ration heaters 

5. Switch on MY battery and check for 1.cro dischargt 

6. R eset action on each alternator 

7. If unable lO recover ei Lher al1emator, check bus- bars safe to pa ralle l 

8. Switch off 1. v banery and trip LY feeder ci rcuit breakers on 1hat side 

9. Use r.v battery as required 

10. Bus-bars may be paralleled at Captain's discretion 

NOTE: No aue 111 p1 ·is .ro be made /U recover ,m a!.renia/Ur wirh ihe bus-bars 
parnlfelcd. 

l. Shed loads as in items 4 to 17; trip a ll alte rnator field circu it breakers 
and remake individually 
2. If unable ro regain alternators trip field circuit breakers and, if afe to do 
so, parallel bus-bars 

3. Select airbrakes "'" required 
4. 

5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
1-1. 

Switch OFF both hydraulic pumps 
Switch OFF half PFCU's 

Select all p roportioners to BY-PASS 
L eave th ree fue l pumps O , all others OFF 

ORM AL yaw damper ST AND BY- standby yaw damper as required 
Swiech OFF a ll inverters except the F light Instruments (153) inverte r 
T rip NBC and H2S circuit-breakers 
Switch OFF scanner stabilisation 
Switch OFF Lhe VHF set nor in use 
M inimum use of H f then trip circuit-breakers 
Switch a ll lighting ro minimum requirements 
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Failu,-e 

FOUR ALTERNATOR FAIL URE-Cun/. 

FOUR-fa GINE }'LAME-OUT 

LY BATTERY FAULT 

MY lli\TTERY FAULT 

SPECIAL FEEDER FMLURE 

Al 4 JAN 66 

I11dicario 11 Action 

15. Switch OFF all heater and an:i-icing switches except pito t head heaters 

l 6. T rip ILS and /\OF circuit-breakers 

17. Trip ration heater circu it-breakers 

18. IFF to emergency if required No. 2 type 35 0 invener 0 

N.B. I The C aptain must be prepared to order " A'b-andon Aircraft " at any 
time 

N.B. 2 If the emergency is ::Jue to four-engine flame-out item I should 
not be ac tioned until Lhe engine speed has decreased to 25% RPM. The 
airbrakes should no t normally be ex tended whi lst attempting to maintain 
alternator ourput under low windmill RPM 

I Magnetic indica tor goes white I. Warn pilot ,1ot to throttle hack engines on failed side si rnul t1neously 

I M agnetic indicator goe white 

I Magneric indicator white 

2 L v Batte ry magnetic indicator 
wh ite 

2. Check rhc approp ria te Banery Master circuit-breaker 

3. Switch OFF t-anery, wait 30 seconds, swilch ON aga in. Observe l \" 

vol t/ammeter 

(a) If indicator goes black then white switch OFF and leave OFF 

(b) If indicator remains white no further action possible, magnetic indicator 
unserviceable 

l. Switch OFF then ON 

(a) If indicator remai ns white, no fur ther actjon, presume bmtery on Jine 
check fuse 

(b) If indicator goes black then white no further action possible, uspect 
exces~ive charge 

l. Check LV and MV battery indica tors 

2. All prorortioners ro BYPASS 

(a) If battery indi.:arors black concinue as normal, indicator unserviceable 

(b) If ba llery indicators white warn pilot to avoid imult neous throttle 
movement on failed side, no further action possib le 

2. Emergency use of 1 P8 / 2P8 switch 

The emergency position o i the special feeder switch m ay only be u ed as 
fo ll ws; 

(a) In the event of engine fir e on fai led ide (I P8 PORT 2P8 STAR
BOARD), the fire button should be pressed whi lst the failed special feeder 
switch is selected to the alternative posi tion 

R E STRJ C T E O 
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Failure 

SPECIAL FEEDER FAILURE-COl!l. 

LOSS OF PLENUM CHAMBER 

PRESSURE I N FUGl!T 

OVERVOLTING ON MV OR LV 

BUS-BARS (more than 125V 
or 35V) 

Indication 

1 A negative reading on rhe 
pressure gauge 

2 Cooling fan light(s) illuminate 
or flicker 

3 l'ossible noise if hatch strikes 
'aircraft 

I MV Voltmeter read more than 
125V 

2 LV Voltmeter reads more than 
35V 

AP 4506A & C-rN Pan V, Chap. 2- Airframe Emergency Procedures 

Aaio11 

(b) Immedia tely prior 10 touch-down if crash landing 

(c) I n dispersal, if no ex ternal supplies ava ilable, select alternative position 
on special feeder switch in order to close HP cocks of engines on fai led side 

----------- ---
1. I.CM equ ipments all OFF. Return a lternator to main electrical sys tem 

2, Load shed selectively, Port and S tbd., as follows, monitoring ammeters: 
(a) Hydraulic pumps-both OFF-use one when requi red 
(b) PFCu's- switch OFF n umbers, 1 4 6, 7, 10 
(c) Proponioners-BYPAS 
(d) Fuel pumps-minimum of th ree in a group 
(e) I nverters- a ll OFF except fl t. inst ruments 
(/) NBC and H2S-<:ircuit breaker tr ipped 
(g) Scanner stabilisation-OFF 
(h) VJff/ UHF--either set OFF ~ 

(j) Yaw damper - ormal to STANDBY/ Sta ndhy as required 
(k) Anti-icing-As required 
(l ) External and Internal ligh ts-Minimum 
(m) !LS- OFF 
(11) ADF- OFF 
(o) HF- minimum use then-OFF ~ 

(p) R ation heater C/ B's tripped 

3. heck plenum hatches with peri scope 

-1. If panel B.A. ammeter loading excessively uneven then parallel at 
cap tain's discretion 

L Check on ammeters which alternator is ca rrying the heaviest load 

2. Switch OFF the alternator with the grea tes t load 

(a) If vol tage retu rns to normal no further a-: tion 

(b) If s till overvolting, switch O the first a lternator, switch OFF the 
ocher. If voltage now normal no further action 

3. If overvolting persis ts : 

(a) Switch OFF both alternators 

(b) Carry out load shedding drill as for double-alternator fai lure 

(c) Reset each alternator individually once only 

(d) For subsequent action see para. 1-1 

RESTRICTED AL -I JAN 66 



AP 4506A & C - rN Part V Chap. 2-Airframc Emergency Procedure., 

Failure 

l!IGH OR I.OW VOLTAGE ON LV 

AND ,II V BU -BARS 

FAI LURE OF F LIGHT INSTROMENT 

lNVERTER 

FAILURE OF A TYPE 3 -0 INVERTER 

l ndica1io11 

1 LV Voltmeter reads 29V co 
34V or 24V to 26V 

2 MV Voltmeter read s 115V to 
120V or 105V 

1 Magnetic Indica tor on panel 
CA shows white 

J Neon indicat0r(s) on CA flicker 
or fail 

Ac1io11 

l. Switch OFT• either alternator 

2. Trim remaining alternator co 28V I. v or 1 12V M v 

3. Switch ON first a lternator again 

4 . Switch OFF the alternator which h3s been trimmed 

5. Trim other altcrnatcr to 28V LV or l J 2V MV 

6. Switch ON other alternator 

.R- 1 f unable to trim a:-iy one alternator, switch OFF and leave OFF ; 
if unable to trim either, switch both 0. and monitor v It / ammeter for 
overvolting. 

I . Trip and remake o. 1 Flight Instrument circui t-brenker on r ~nel DR 

(a) If indicator changes to b lack no further ac tion necessary 

(b) If in dicator remains white no further action need be 1aken as the No. 3 
Type 350 Inverter automatica lly rake over the loads 

1. Swi tch OFF the group of services supplied by the inverter 
2. Switch OFF the appropriate inverter (hold in the OFF rosi tion for l 
second only) 
3. Switch ON the inverter 
4. Switch on the associa ced group of services 
(a) If the inverter remains on line no further ac .ion i neccss. ry 
(b) If the invener fails again proceed as follows: 

(i) Switch OFf,' service, of, and the unscrvicc:1blc inverter 
(ii) Switch OFF the services of, and the a lterna tive inverter to which 
the load i · to be transfe rred 
(iii ) Switch the POWER EMERGE CY TRA SPOSE SWITCH to 
the grou r required 
(i1<) Switch ON the ;en·iceable inverter and group of se rv ices 1·equ ired 

The rnb le below st1mmarised the operations involved in affecting trans-
posi tion: 

U/ S 
Group 

I 
wi1eh OFF S wi1elt ON 

I11vcr1er R eqd. Noc R eqd. I 11ver1ers Sclec.i lnvcrrer 

1 A B 

I 

1 ,rnd 2 A! B 2 
I A C 1 and 3 A! C 3 
2 B A 2 and 1 A/ Il 1 
2 B C 2 and 3 DIC 3 -
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Failure Indication Action 

LV AND POSSIBLY MV FLUCTUA- Fluctuation on LV and MV volt- l. Increase loading of affected alternators (e.g. hydraulic pumr ON) 
TIONS wrn1 TWO ALTERNATORS meters and alte rna tor ammeters 2. If fault clears reduce load 
ON BUS-BAR 

3. If fault persists when in LOW power condiLion increase engine HPM 

4. Reduce RPM when Aucmations cease 

CHANGING FROM HIGH TO LOW !.V bus-bar vollmeter reads 23V 1. Increase RPM to HIGH power condition 
POWER, LV HUS-BAR FALLS 2. If undesirable to increase RPM continue to use LV at 23V 
TO 23V 

.B.-This fault is caused by a frozen rap change contact which may 
clear after a period at low level. 

17 Fuel system failures 

Failure Indication I m111ediate action Suhseq11enc actio11 

BOOSTER PUMP FAILURE Contents remain almost constant in Check sufficient pumps selected to Adjust CG or wing balance by switch-
tanks with one pump only. No indica- prevent flame-out ing off pumps in other tanks 
tion in tanks with two pumps 

PROPORTIONER FAI LURE LP warning lights of all four engines Wing pumps ON Wing props. ORMAL 

(a) Fuselage prop. Check fuselage group for leak/ propor-

when fus. group rioner failure 

only in operation Fuselage prop. to BYPASS 
All fuselage pumps ON 
Wing groups OFF, ooe at a time 
Mainta in Lodividual fu elage contents in 
approx. proportion 

(b) Wing prop. LP warning lights of [WO affec ted Fuselage group ON Fuselage prop. NORMAL 
when wing groups engines Check for cause 
only in operation Select failed prop. to BYPASS 
(no cross- feed) A11 pump ON in affected group 

Select fu selage group OFF 
Maintain individual tank contents m 
approx. proportion 

(c) Any one prop. L ack of flow from tanks in affected Select affected prop. ro BYPASS Maintain individual tank contents in 
when all groups group approxima te proportion 
in use 
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Part V 

Chapter 3-Abandoning and Emergency 

Landing Procedures 

Lis t of Contenti:, 

Abandoning the ai rcraft . 
Landing with the hydraulic sys tem in the emergency conditi.:m 
Undercarriage malfunction drill s (hydraulic ystcm normal) . 

1 Abandoning the aircraft 

(a) Preparatory actions 

Para. 
] 

2 
3 

(i) Whenever possible alcitude should be reduced to below 
40 000 ft. Before abandon ing aircraft, speed should be reduced 
as much as possible (at least below 250 knots, the recommended 
speed is approximately 200 knots) and the aircraft hould be as 
clean as conditions permit. Bomb-doors should be closed and 
main flaps and undercarriage raised, al though trials show that 
dummies pass well inboard, of the main undercarriage in straight 
and level flight. 

(ii) The manual override mu t not be used above 20,000 feet. 
However it muse be used below 1,000 feet (below 250 knots) 
although his does nor preclude the use of the static line. 

(b) Abm1do11i11g drill 

(i) Warn crew reduce speed if appropriate. 

(ii) Select oxygen mask roggles down . 

(iii) Transmit dis tress calls. Clamp key and set lFF to EMER
GENCY. 

(iv) Navigator at prone position returns ro his eat. Other crew 
members assist in putting on his parachute. 

Landing with one main leg re trac ted . 
Crash landing 
Ditching 

4 

6 

(v) "Clean" aircraft-close bomb-door., retract flap , under
carriage and airbrakes if possible. Co-pilot selects NO 
PRESSURE. 

(vi) Check personal safety cquipmenc. Parachutes on dinghy 
attached, protective helmets on. Rear crew eat harness release. 

(vii) Operate ABANDON AIRCRAFT switch and order 
"Jump, Jump". Cabin depressuri acion shou ld take about 6 
second~ after operating abandon aircraft swirch. (Post-Mod. 3817 
when the cabin differential pressure gauge indicates l} PSI). 

(viii) Nav. Plotter opens the door not less than even seconds 
after illumination of ABANDON AIRCRAFT lighr if cabin 
has been pressurised. 

(ix) Rear crew members should abandon aircraft in the following 
order: 

avigator Plotter ( centre crew member) 
Sixth scat member 
.IIEO (port crew member) 

avigator Radar (starboard crew member) 

On leaving their sears, each rear crew member should disconnect 
his main oxygen supply and operate his emergency oxygen 
supply. 
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(x) In turn, leave seat and on reaching the door connect to 

static line if above 1000 ft. 

(It is essential that the line be passed over the shoulder and not 
under the left arm after it has been attached to the snap hook). 
Sit on the top step, right foot braced against the front of the 
step, and left foot braced against the centre s[ep. The body 
should be hunched up as much as po sible, head tucked in and 
hands grasping the trouser legs below the knees, in order to ensure 
a clean exit. The exit is made by rolling forward in a " balled 
up" position, assisting the roll forward by a push from the right 
foot. The compact position hould be held as tightly as possible 
on meeting the airstream. Static lines should be pulled in by 
each following man if time permits. 

(xi) Last crew member taps 2nd pilot before leaving aircraft. 

(xii) 2nd pilot operates control snatch unit* and ejects. 

(xiii) 1st piJot operates control snatch unit* and ej ects. 
* Unless Mod . 2789 is embodied 

(c) Swivel seats 

4 WARNING : Post-Mod. 3886 the sixth crew member must 
ensure that before leaving his sear his oxygen hose and static line 
are routed between the back o.f his legs and his sea t. ~ 

(i) When swivel seats are fitted (Mod. 329 5), the assister cushion 
should be operated to assist the crew member to his feet, after 
swivelling rhe seat. 

( ii) When using The Mk. 40 parachute, the static line hould be 
connected to the swivelling lever handle before abandoning the 
aircraft if time permits. 

(iii) Posr-Mod. 3955 (aircraft oxygen hose assembly) a Mk. 46 
parachute is used . The static line is connected at all rimes when 
the parachute is worn and operates the crew gone li?ht in front 
of the 1st Pilot. Thus there is no requirement for the last crew 
member to tap the co-pilot before leaving the aircraft.' 

(d) Abandoning aircraft al low altitude 
NOTE: Whenever possible speed should be converted ro height. 

Should it be necessary to abandon the aircraft at low altitude 
(below 1,000 feet and 250 knots) reduction of the time interval 
between the moment at which the order is given to abandon the 
a ircraft and the moment at which the parachute is deployed can be 
of overriding importance, and the following points should be borne 
in mind. 

(i) Whil t iL is highly desirable to connect a static line, time 
should not be wasted if thi proves trouble-ome. 

(ii ) The static line arms rhe parachu te barostat, which then 
withdraws the pack pin after a delay of 2 seconds. Therefore, 
irrespective of whether the static line is connected or no t, the 
manual override should always be pulled as soon as possiblr 
after abandoning the aircraft below 1,000 ft. 

2 Landing with the hydraulic system in the emergency 
condition 

If an EMERGENCY HYDRA LIC SELECTOR warning light 
has illuminated it must be anticipated that, during the landing run 
wheelbrake pressure will be limited to accumuJator pressure and 
nosewheel steering will not be available. The use of flaps will be 
available but airbrakes will not be available. A normal approach 
and landing should be made at the correct speeds. In normal wind 
conditions the brake-parachute should be streamed, but if cross
wind conditions exist consideration must be given to rhe lack of 
directional control aids which exist. It is suggested that the para
chute should be creamed to gain the initial deceleration but 
jettisoned before excessive brake pressure is required to maintain 
directional control. Sufficient brake pressure should be available for 
a normal full-stop landing. Apply the brakes steadily and con
tinuously, increasing pressure as the speed reduces, but avoiding 
excessive pressure which may cau e the maxaret units to operate 
and cause intermittent brake application. When the brake pressure 
gauge readings fall to 2,000 PSI, further brake application will 
cause the readings to fall to zero. When the aircraft is stopped 
make no attempt to taxy further but close down the engines and 
have the aircraft towed away. 
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3 Undercarriage maliunction drills (hydraulic system normal) 
(a) Up selection, 3 gl'een lights ,-emain on 

(i) Check undercarriage control and pressure head control fuse 
(change each one once only). 
(ii) If no effect, select undercarriage DOWN and leave down. 
(iii) Modify sortie. 

(b) Undercarriage not fully retracted 

(i) Check control fuse. 
(ii) If no effect select ORMAL DOW leave down and 

modify sortie (if necessary replace control fuse again). 
(iii) If control fuse is serviceable suspect protection unit 

operation. 
(iv) Inform ATC and request a visual check. 
(v) See para. (d)(v). 

(c) Down selection-Failure to lowe1~No travel lights 

(i) Check undercarriage indicator and day /night screen. 

(ii) If hydraulic system normal switch both pumps to AUTO. 

(iii) AEO reports on pump ammeters: 
1 No load indication-check undercarriage control fuse 
2 Normal load indication- check the indicator fuse 

(iv) If no effect select EMERGENCY DOWN, when 3 greens 
select NORMAL DOWN (see para. (d)(vii)). 

(d) Failure to lower fully, any combination of lights 

(i) Check undercarriage indicator changeover. 
(ii) If hydraulic system nonnal, select both pumps AUTO. 

(iii) Inform ATC and request a visual check. 
(iv) Allow as much tin1e as possible to overcome the effect of 
cold soak in micro switches. 
(v) Depending on fuel state, orbit, or divert as necessary. 
(vi) Reduce ,ro landing weight-select EMERGENCY DOWN, 
if 3 greens available-select ORMAL DOWN. 

(vii) If unsuccessful: 
1 Check undercarriage emergency control fuse. 
2 Check main selector changeover relay fuse. 
3 Check fuses to main emergency selector. 

(viii) Operate nitrogen lowering system (post-Mod. 3079). 

(ix) In instances of 2 green lights and 1 red, but undercarriage 
leg appearing down on visual check, consideration should be 
given to a light roller landing at approach speed with a view to 

~ making the micro switch for the third green . In all cases this 
action must be preceded by operating the emergency hydraulic 
and nitrogen lowering systems. 

(x) If three greens are nor obtained, a landing should be made 
using a foam strip whenever possible. Ii) 

(xi) D o not attempt to taxy. 

4 Landing with one main leg retracted 

Should it become necessary to land with one main undercarriage 
unit not locked down the following drill is recommended: 

(a) Reduce weight as much as is practicable. 

(b) Render ejection seats safe. 

(c) Disconnect paracl1utes, dinghies, leg-restraining strap and 
emergency oxygen tubes. 

(d) Operate the pres~urisation dump valve, je ttison the pilots' 
canopies and open the entrance door. 

(e) Ensure that the crew are strapped in, with their sears at the 
crash position. 

(/) Land using normal landing flap, with sufficient speed to ensure 
a touchdown at 125 knots. 

(g) Lower the nosewheel and simultaneously apply aileron to hold 
the wings level. 

(h) As speed falls to 110 knots, lower the wing-tip gently on to 
the ground, and simultaneously apply rudder and wheelbrakes to 
hold the aircraft straight. 
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(j) Stream the braking parachute as soon as the wing-tip touches 
the ground. Continue to apply aileron to reduce the ground 
reaction at the wing-tip and so delay the start of the ground loop . 

NOTE l: Aileron effectiveness will be lost at approximately 105 knots. To 
reduce the possib ility of m ajor damage to the wing it is important that 
the wing-tip is lowered to Lhe ground at a controlled rate whilst aileron 
control is sti ll available. 

NOTE 2: A ground loop imposes a heavy strain upon the undercarriage, 
and shou ld be delayed i;ntil speed is as low as possible. A foam strip laid 
along the side of the runway where the wing-tip is expected to strike will 
reduce friction and enable the aircraft to be held straight, down to a 
lower speed. 

S Crash landing 

The following drill is recommended if a crash landing becomes 
necessary: 

(a) Reduce weight as much as is practicable. 

(b) Jettison bombs ac capcain's discretion. Ensure bomb-doors are 
closed. 

~ (c) At 10,000 feer have the nav.plotter p lace the safety pins in the~ 
ejection gun sears on the pilots' seats. 

(d) Between 5,000 and 2 000 ft. when committed to a landing 
disconnect parachutes, dinghies, leg-restraining straps and emer
gency oxygen tubes. 

(e) If, in the opinion of the captain, there will be a danger ot 
the navigators and AEO being trapped in the aircraft after landing. 
they should be order~d to abandon the aircraft. 

(f) Have the pressurisa[ion dump valve operated and, below 5,000 
ft., the entrance door opened. 

(g) Make a normal approach with the undercarriage up or down 
as required. The advantages of reducing impact load with the 
undercarriage down, however, should be carefully considered. 

(h ) Ensure that the crew are strapped in and that their seats are 
at the crash position. 

(j) At 500 ft. jettison the pilots' hatches and close the HP cocks 
just before touchdown. 
(k) After touchdown the crew should escape through the nearest 
exit. 

6 Ditching 
Model tests indicate that the ditching characteristics should be 
satisfactory there being no tendency to dive under the surface pro
vided the vertical rate of descent is low at the moment of ditching. 

The following drill is recommended: 
(a) Warn the crew. Crew acknowledges. 

(b) Jettison bombs. Ensure bomb-doors are closed. 

(c) At 10,000 ft. or below, depressurise and have the nav./plotter 
place the safety pins in the ejection gun sears on the pilots' sea ts. 

(d) Between 10,000 ft. and 5,000 ft., when committed, disconnect 
parachutes, dinghies, leg-restraining straps and emergency oxygen 
tubes. 
(e) Ensure that the crew are strapped in and that their seats are at 
the crash position. 

-4 (} ) At 500 ft. j crtison the co-pilot's hatch. Lower flap as required . ~ 

(g) During the final stages of che approach, the airspeed should be 
the minimµm consistent with satisfactory control. The round out 
should be made as accurately as possible to obtain the minimum 
rate of descent at touchdown. The touchdown should be made 
parallel to the swell. If the swell is not steep and the wind across 
it is above 25 knots, it may be preferable to land into wind. 

(h) At the touchdown, if the bomb-doors hold and the procedure 
in (g) is carried out correctly, the ditching should be gentle. If the 
impact is severe enough to collapse the bomb-doors, the deceleration 
will be increased but the ditching will still be satisfactory. 

~ (j) Just before touchdown, close the HP cocks. After touchdown, 
jettison the 1st pilot's hatch. A rear crew member should operate~ 
the dinghy release handle and the crew leave the aircraft through 
the pilots' escape ha•tches carrying personal dinghies. 
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Part VI-Illustrations 

List of Fignres 

Cockpit, port side (1st pilot) 

Cockpit, forward view . 

Cockpit, starboard side (2nd pilot) 

Cockpit, roof panel 

Cockpit, sliding panel AT 

AEO's sloping panel 

AEO's facia panel 

AEO's side panel 
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Key to Fig. A 19 Flashing beacon switch 

1 Windscreen wiper con trol 20 Abandon aircraft switch 
2 Yaw damper control ~ 2 1 Navigation lights switch 
3 Panel lamps dimmer 22 Windscreen heating switches and indicator 
4 Drop ranks jettison control 23 Bomb door emergency OPEN /CLOSE switch 

~ 5 Amo-pilot heading selector ~ 24 !st pilot's oxygen regulator 
6 Jet pipe temperature con trol switches (4) 

25 1st pilot's station box 
7 Pon wing fuel vent pressure switch 

26 Throule fr iction lever 
8 In- fl igh't safety lock switch 

27 Throttles/HP cocks 
9 1n- Aight safery Jock lighrs 

28 Control column retraction handle (1st pilot) 
10 Fuel vent pressure gauges 

11 Fuselage fuel vent pressure switch 29 Airbrakes control 

)2 Srnrboa rd wing fuel vent pressure switch 30 Th roll le gate lever release 

13 Fuel vent temperatu re gauge 31 Ditching handle 

14 Taxy and landing lamps switch 32 Ru dder/ Aileron/ Elevator trimmer 

15 Emergency decompression switd1 33 Brake parachute contro l switch 

16 ILS swi tch 34 UHF control box 

17 Bomb jettison switch 35 UHF tone switch 

18 Lower carriers jettison switch 36 ADF/ ILS switch 

AL 2 MAR 64 RESTRICTED 



FS/2 AP -+ 506A & C-PN_ P are VI-Illustrat ion, 

- Fig. A Cockpit, port side (1st pilot) 

R ESTR I CTED 



AP 4506A & C-P, Part VI-Illustrations 

~ 2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

]'4 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 

25 

26 

Key to Fjg B 
Panel lamps dimmer switch 

Feel trim indicator 

Zero reader 

Emergency hydraulic warning light 

Yaw damper control 

Bomb-bay doors control 

Bomb-bay doors position indicator 

Airbrakes position indicator 

Airbrakes magnetic indicator 

F laps position indicator 

Accelerometer 

Aileron/ rudder trim indicator 

Elevator position indicator 

Nose flaps indicators and warning light' 

Fire warning lights (3) 

Pitot head heater switches 

Engine fire warning pushbutton s 

PFCU control switches 

PFCU warning lights 

Fire warning lights (3) 

Undercarriage position indica tor 

RATOG control switch l 
RATOG master switch ~ inoperative 
RATOG jettison switch J 
Thunderstorm light switch 

JPT control switch 

AL 2 MAR 64 

27 

28 

29 

~ 30 

31 

32 
33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

Mach trim switch 

Mach trim indicator 

ECM Frequency indicators 

Fuel tank pressure warning light 

Panel lamps dimmer 

RATOG indicators 
RATOG warning lights 

ILS marker light 

E levator trim contro; 

l 
r inoperative 

Outside air temperature gauge 

Cabin pressure altimeter 

Fuel pressure gauge 

Windscreen demisting control 

RPM indicators 

JPT gauges 

Pilots' feet heating control 

Oil pressure gauges 

Fuel LP warning lights (4) 

Flaps emergency control 

Undercarriage selector buttons 

Flaps control 

Thunderstorm light switch 

Ground steering maste r switch 

osewhcel steering cont rol 

ILS marker light 

Rudder pedals adjuster 
Mk 4B compass 

Elevator trim control 

RESTRICTED -



FS/ 3 
AP 4506A & C--PN P art VI-Illustratiom 

Fig. B Cockpit forward view RESTRICTED 



AP 4506A & C-PN Part VI-Illustrations 

Key to Fig. C 
I Ditching handle 

• 2 Control column retraction handle (co-pilot) 

3 Throttle gate ,elease switch 

4 Airbrakes control 

5 Throttles/ HP cocks 

6 2nd pilots oxygen regula tor 

7 Throttle fric:t!ion lever 

8 Intake heaters switches 

9 Engine anti-icing switches 

10 Engine bleed isdlarion cocks witches (4) 

11 Anti-icing overheat warning indicators 

12 Icing conditions indicator 

13 Anti-icing reset swi tches 

14 Anti-icing on/ off switches 

15 Flood flow switch 

16 Flood flow reset swi tch 

• 17 Warning horn over-ride switch 

18 Cabin pressure switch 

AL 2 MAR 64 

• 19 CAu bypass swi tch 

20 Cabin temperature control valve position indicator 

21 Max. heat warning light ~ 

22 Cabin tempera ture selector switch 

23 Cabin tempera ture setting control 

24 Proponioner and NRV indicators 

25 Windscreen spray switch 

26 Probe purge switch 

27 Panel lamps dimmer 

28 Flowmeter selector switch 

29 Flowmeter 

30 Mk. 4B compass control panel 

31 2nd pilot's station box 

32 Fuel filter de-icing lights (14) 

33 Fuel filter switches (4) 

34 Blue aga switch 

35 

36 

• 37 

Ration heaters switch 

Windscreen wiper control 

Aileron/ Rudder/ Elevator trimmer 

RESTRICTED 

• 
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FS/4 AP 4506A & C-PN Pa re VI-Illus trations 

' .1 

Fig. C Cockpit, starboard side (2nd pilot) REST R ICTED 



AP -t506A & C - PN Part VI-Illustrat ions 

Key to Fig. D 
Engine selector switch 

~ 2. Ignition and motor i olation switches 

3 P anel lamps dimmer 

4 Starter warning ligh, 

5 VHF selector boxes 

6 Voice range fi lter control 

7 ILS control unit 

8 VHF set cha ngeover switch 

9 Engine starter master switch 

10 Engine starter pushbutton 

11 P .12 compass 

AL 2 MAR 64 

© 

® 

Fig. D Cockpit, roof panel 
RP.STRICTED 

® 

@) 

@ 
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FS/5 AP 4506A & C-P, P art VI-Illustrations 
Key to Fig. E 

- 1 Fuselage tanks pumps circuit-breaker switches 
2 Bomb-bay tanks/drop tank contents 5elector swi tch 
3 Bomb-bay tank/ drop tank contents gauge (port) 

~ 4 Bomb-bay tank pump switch ('A' pumps) 
5 D rop tank pumps swi tch ('A' pumps) 
6 Long-rang tanks isolation cock indica tor (port) 
7 Long-range tanks isolation cock switch (pon) 
8 Wing tanks pumps circuit-breaker swi tches (port) 
9 Wi.ng tanks proport ioner switch (port) 

lO LP cocks switches, 1 and 2 engines 
11 Wing NORMAL/ REFUEL witch 
12 Wing tanks contents gauge (port) 
13 Port wing isolation cock indicator 
1-+ Port wing isolation cock switch 
15 Probe isolation cock switch 
16 Cross-feed open/ close switch and indicator 
17 Flight refuelling probe isolation cocks indicators 
18 Wing refuelling crossfeed cock switch and indicator 
19 Probe isolation cock s'witch ,-- 20 Stbd. wing isolation cock switch 
21 Stbd. wing isola tion cock indicator 
22 Wing tanks contents gauge (stbd. ) 
23 Wing NORMAL/REFUEL switch 
24 LP cocks switches, 3 and 4 engine 
25 Wing tanks proportioner switch (stbd .) 
26 Fuselage tanks contents gauge 
27 Wing tanks pumps ci1·cuit breakers (stbd.) 
28 Fuselage tanks refuel switch 
29 Long-range tanks isolation cock indicator 
30 Long-range isolation cock switch 
31 Drop tank pumps switch (' B ' pumps) 
32 Bomb-bay tank pumps swi tch (' B' pumps) ~ 
33 Bomb-bay tank/ drop tank contents gauge (stbd .) 
34 Bomb-bay tank/ drop tank contents selector swi tch 
35 Fuselage ranks proportioner witch 

36 Individual tanks contents select0r switch 

37 Individual tanks coments gauge 
38 Brake pressure gauges 
39 Panel lamps and probe lights dimmers 
40 Auto-pilot control unit 

Fig. E Cockpit, sliding panel AT 
R l! 5 T R I C T B l) AI. 2 MAR 64 



AP 4506A & C-PN Part VI-Illu traLions 

Key to Fig. F 

Window conu·ol unit3 

2 PFCU pressure warning indicators 

3 PFCU overheat warning indicators 

4 ECM trimmers • 5 ECM pumps control unit 

6 ;\EO's station box 

7 !Ls/ Gee switch 
8 Hydraulic pumps ammeters 

RESTRICTED 



'FS/6 AP -!506A & C-P Part VI-Illustrations 

Fig. F AEO's sloping panel R STRICTED 



AP 4506A & C-PN P art VI-lllustrations 

ECM control panel 

2 ECM frequency meter 

3 ECM volunete r 

Key to Fig. G 

4 ECM alterna tor contro l swi tch 

5 ARI 5874 control unit 

6 ARl 5 874 control uni t 

7 Cabin pressure warning light 

8 Abandon aircrJft warning lighl 

9 Blue Saga switches 

10 Explosion protection indicators 

11 Explosion protecrio::i swi tches 

12 IF F s lF control 

13 <FF con trol panel 

l 4 Fire warning detector test switch es 

15 sire warning lights rest switch 

RESTRIC'fi,D 



FS/7 AP 4506A & C- PN Pan VI-Illustrat ions 

'9 

Fig. G AEO s facia pane~ Rlo~TT!TCTED 



AP 4506A & C - PN Pare VI-Illustrations 

Key to Fig. H 

I Circuit-breaker panel 

2 Circuit-breaker panel 

3 Special feeders swi'tches 

4 Special feeders indicators 

5 Hydraulic pumps sv.~"tches (2) 

6 Hydraulic pumps overheat warning lights (2) 

7 Hydraulic emergency level ~igh ~s (2) 

8 Hydraulic pumps running lights (2) 

9 Inertia switches warning lights 

IO Alternator cooling clo'se light (4) 

11 A lternator low power light (4) 

12 Alternator fai lure indicator (4) 

13 Alternator feeding ind'icator (4) 

14 208-voh circuit-breaker (4) 

15 Alterna tor control switch (4) 

I 6 Alternator circuit-breaker (4) 

17 M v ammete~s/ vo'ltmeters ( 4) 

1 8 Oxygen system contents gauge 

19 Oxygen system contents gauge 

20 AEO's oxygen regulator 

21 Oxygen sys tem supply va'lves 

22 Cooling fan failu re light (2) 

23 ,VIV bus-bar paraUeling switch and indicator 

24 L v battery master swi'tch and indicator (2) 

25 MV b'attery master switch and indicator (2) 

RF. TRICTED 



FS/ 8 AP 4506A & C -PN Part Vl-Illusrrations 

Fig. H AEO's ide panel nnsT RICTF. D 
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