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CF- 105 ELECTRICAL SYSTEM 

1. I NTRODUCTI ON 

1 . 1 An A. C. power generating system» u ti lizing static 
transformer rectifiers for D. C. requirements , has been 
selected for the CF-105 to avoid the high altitude and 
high temperature brush wear pr oblems usually associated 
wi th t he use of D. C. gene r ators and inverters. 

Because of the f r equency sensitive natur e of the electronic 
loads to be supplied by the electrical system, the 
alte r nators are driven through mechanical-hydraulic 
constant speed units . This choice of drive over that of 
an air turbine was made i n view of the high overall 
oper ating efficiencies t o be gained, and the consequent 
saving in weight and space . 

A ram ai r cooled alternator has been selected be cause of 
the signifi cant advantages t o be gained with respect t o 
de velopment weight and simplicity over the liquid cooled 
type for al l alti t ude and speed conditions within the 
ai r craf t fligh t envelope. 

The alternator has ther efore been mounted on the engine 
nose pad to take advantage of the readily available ram 
air flow f or cooling purposes , thereby avoiding the 
weight and space penalties associ ated with a more 
elabor a t e duc ting sys t em which would be required for 
cooling pur poses if it were mounted elsewhere. 

A t win al t ernator i ns t al l at ion, one being mounted on each 
engine , is r equired in or de r to provide a system with 
r eliability compati ble with that of a twin engine air­
craft . In line with t his design approach, all equipment 
and c ircuits between the al ternator s and the electrical 
power utilizers have been l aid out to provide the same 
degree of reliability . 

In addition , the complete aircraft electrical system 
has been divided into two separ ate and self contai ned 
systems - one on each alternator - to insure maximum 
availability of power in the event of failure of one 
alternator . Simplification to the circuitry is also 
achieved . 

PAGE 1 
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1.1 (Continued) 

L2 

Although full advantage has been taken of the latest 
design features of control equipment for alternators 
and rectifiers to ensure long life, and reliability, 
the alternator and rectifier controls, and the trans­
former-re c tifiers have been installed so that they may 
be easily removed from the aircraft for ease of 
servicing and maintenanceo 

The high performance of the aircraft places additional 
demands on the crew and dictates an attempt to achieve 
to the greatest extent a completely automatic systemo 
In this respect the system is designed so that in the 
case of failure of one system all essential loads are 
automatically switched to the operating system to ensure 
continuity of supplyo This action will be indicated to 
the pi lot so that he may change flight plan and/ or 
report the defe ct to the maintenance crewo 

Consistent With this approach , all circuit brea)<:ers are HJ 
located outside of the cockpit where they are readily If 
a ccessible for ground inspectiono 

The electrical circuits have been laid out to achieve , 
to the greatest extent , invulnerability to all antici ­
pated types of aircraft damage consistent with the 
r equirement of mi nimum overall weighto 

The electrical system is designed to meet the fol lowing 
operational requirements ~-

L 2 o 1 Altitude 

Sea level to 60, 000 fto 

l o2 o2 Temperature 

lo2o2ol Units located in areas which are not 
supplied with conditioned air flow, are 
designed for operat ion throughout the 
range -65°F to ~248°F, the latter 
temperature being a result of the aero­
dynamic kinetic heating effects at M ~ 
2o0 (For flight limitations at this 
temperature see paragraph lo2 o4 below 0 ) 
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1 . 2.2.2 Units located in air conditioned areas 
will not be exposed to temperatures 
exceeding + 160°F thus permitting the 
use of equipment already proved and quali = 
fled for operation throughout t he = 65°F 
to+ 160°F range. 

1.2 . 3 Flight Attitudes 

All operatonal attitudes i nc luding inverted flight , 
with limi tations as shown in paragraph 1 .2.4. 

1 . 2 . 4 Flight Limitations 

1.2.4.1 Inverted flight duration of 15 seconds. Ul{_ 

1 . 2 . 4.2 Endur ance at maximum apeedg 

2. DESIGN OBJECTIVES 

10 minutes at M ~ 2, based on 15 minutes 
cruise out at M = 1 . 5 and fue l t empera ture 
limitations at the engine inlet of 160°F. 

2.1 To p~ovide power f or the ai rcraft electrical services . 

2 . 2 To provide power for the a ircraft elec troni c services 
when ne ce ssary. 

2 . 3 To provide power, a s requi red, for the weapons, prior 
to launch. 

2 . 4 To provide power for the aircraft anti - icing and de-icing 
services. 

2 , 5 To provide 100% reserve power generation capacity ove r 
the known requirements of the electrical services t o 
date to allow for growth with future aircraft develop­
ment. 

2 . 6 To provide adequate power to permit safe flight in the 
event of failure of any one generating system . 

2 . 7 To meet the above requirements with a system having a 
minimum i nstalled weight . 

2 . 8 To pr ovide a system which will power all essential 
services during a twin-engine flame out for a pe r i od 
long enough to pe r mit the relighting procedur e t o be 
carried out . 
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2. (Continued} 

2.9 To meet the design requirements of ARDCM-80-1 and CAP-
479, which includes the following specifications~ -

MIL-E-7080 

MIL-E-7563 

MIL-E-7614 

MIL-E-7894 

Electrical Equipmentg Installation of 
Aircraft General 

Electrical Equipmentg Aircraft - Installa­
tion of General 
Specification for 

Electrical Equipment - Alternating ·current 
Aircraft Installation of General 
Specification for 

Electric Power, Aircraft, Characteristics 
of 

2 . 10 To meet the general design requirements of Specification 
AIR-7-4 and, in particular, those of para. 9 "Electrical 
Equipment". 

3. GENERAL DESCRIPTION OF SYSTEM 

3.1 The CF.105 airplane is equipped with two completely 
independent and self contained electrical systems $ one 
being powered by each aircraft engine. This primary 
mechanical power is converted by the alternators into 
120/208 Volt$ three phase, 400 C.P.S. electrical power. 
A portion of the generated A.C. is rectified to supply 
the aircraft D.C. loads at 27.5 Volts D.C. 

The generation, rectification and control equipment for 
each system is identical and symmetrical up to the main 
A.C. and D.C. buses . The distribution of A.c . power 
within the aircraf t is arranged into two separate 
systems with provision of automatic switching of 
essential loads to the operating system in the event of 
failure of one system. D.C. distribution is carried 
out from a common D.C. bus supplied concurrently by 
both systems . 

The load centres for each electrical system of the air­
craft are located as followsg -

Station 129- 147 Forward Circuit Breaker Panel 
housing the following g-

~~~~~I~gDD~C. BuBlil llCL~IED 
Emergency D.C. Vf1 · . 
Battery Bus 
Forward A.c. Bus '•CJ PAGE 4 
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GENERAL DESCRIPTION OF SYSTEM (Cont'd) 

3.1 (cont'd) 

Station 490 Aft limiter panel 

Station 485 D.c. bus 
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.4.3.1 POWER SYSTEM (See Fig. 1 ) 

4 . 3 . l.l . GENERAL 
The electrical power supply is provided by two 
engine mounted , ram air cooled$ 30 K.V.A., 
120/208 volt, three phase, 400 cycle al ternators. 
Each alterna tor is driven independently by its 
r e spective aircraft engine through a me chanical­
hydraulic constant -speed drive unit which maintains 
the output frequency constant within t 5% from 
idling to maximum rated input speed. 

D.C. is provided by two 3KW transformer rectifier 
units each of which is supplied independently from 
its respective system 30 KVA alternator. A s i ngle 
cabinet contains the two system transformer­
rectifier and alternator control boxes, and cooling 
is provided to each box from the aircraft air 
condi tioning system. 

A.C. SYSTEM 
The output of each alternator is taken from 
alternator terminals Tl, T2 , and T3 whi ch are fed 
into the respective control panel through 
terminals Tl, T2 and T3. From the control 
panel the A.c. supply is fed through a line 
relay, which is controlled by the ON/OFF 
switch in the cockpit, and thence to the main 
A.c. bus bars. 

The A.C. loads are divided into two groups and 
each group is supplied by one 30 KVA alternator 
through its own main bus bars, thus forming two 
completely independent and self contained 
electrical systems which are designated - the 
right hand system and the left hand system. 
Primary or essential A.c. loads in the aircraf t are 
fed f rom the Primary A.C. Bus, which, under normal 
operating conditions, is supplied from the Right 
Main A.C. Bus through a transfer relay. In the 
event of failure of the Right hand Alternator two 
transfer relays will operate, one to disconnect the 
Right Main A.C. Bus and the other to connect the 
Primary A.c. Bus to the Left Main A.c. Bus , thus 
supplying the essential loads from the Left 
Alternat or . Transfer is effected automatically 
when the Right Power Failure Detector Unit senses 
the failure and actuates an integral single pole 
double throw switch to cause the transfer relays 
to operate. 

' ~' PAGE 6 
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4.3. 1 .2 A.C. SYSTEM (Continued) 

Secondary, or less essential A.C. loads are 
connected to the A.C. Shedding Bus and fed 
from the . Left Main A.C. Bus through a three pole 
single throw relay which is held in the closed 
position under nor mal operating conditions. 
In the event of failure of the Right Hand 
Al ternator this relay will be de-energized to 
shed the seconda ry loads and enable the Left 
Alternator to a ccomodate the essential loads 
on the Primary A.C. Bus. The r elay wil l be 
operated automa.tically by the Right Power 
Failure Detector, upon sensing failure. 

Two amber indicator lights , one for the Right Hand 
Alter nator, and one for the Left Hand Alternator 
are located on the warning light panel in the pilots ' 
cockpit, to indica t e when a n al ternator failure 
occurs. 

Should a fault cause the cont r ols to take an 
alternator off the line, 1.t can be r eapplied 
by first operating the appropriate alter nator 
"RESET" switch in the pilots cockpit t o the 
"RESET" pos ition and then selecting the "ON" 
position . If the fa ult has nb t c leared the 
system wil l aga in t r ip out. 

4.3.1.3 D.C . SYSTEM 

The transfor mer rectifier units are fed f r om their 
respective main A.C. buse s through ter minals Dl, D2 
and D3 and the .output from each is f ed t o the main 
D.C. bus. 

The main D.C. bus supplies power to (a ) the forward 
bus from which al l es s ential services are supplied 
including the battery and emergency buses and 
(b) the shedding bus to which al l unessential 
services are connec ted. 

The shedding bus is conne c ted to the main D.C. bus 
by a single pole s ingle throw re lay which is held 
in the closed position when the systems are operat ­
ing nor mally . The coil of this relay is c onnected 
to terminal 5 of the right hand trans for mer recti­
fier unit through the contacts of a slave r e l ay, the 
coil of which is connected to ter minal 5 of the 

SECRET PAGE 7 
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4o3ol.3 D.Co SYSTEM (Continued ) 

left hand transformer rectifier unit. Since ter minals 
5 supply 28 volts DoCo when the systems are nor mal , 
should either t r ansfor mer rectifier system f a il~ 
the as s ociated relay will open and de - energize the 
D.Co shedding bus _. a nd ener gize the appropr iate Do Co 
failure indicator light on the pilots warning ligh t 
panelo 

'l'he batter y bus is connected to the DoC . for wa ~d 
bus through a single pole single th ow re lay j 
the coil of which is coP.nec ted to 28 volts DC 
through two small slave re lays in par·allel 9 whose 
coils are ener gized by terminal 5 of the R/H and 
Lft! transfor mer rectifier units respective lyo 

Should one uni t fa i l 9 only the slave ~e lay concerned 
will open and the battery bus will rema in c onnec ted 
to the forward buso 

The emergency bus is cormect~d to the battery bus 
through the contac ts of a ·re lay 9 the coil of which 
is energized when the Master El ec t ri_cal switch is 
operated to the "ON" positiono 

Should both units fail _. both s lave relays will 
open _. causing t he S.P.S .To relay to open a ~j 
isolate the emergency bus and batter·y, which 
compose the f light emer gency sys tem. 

A single pole double throw, momentary - on with 
centre "off" » switch is pr ov i ded in the pilrts 
cockpit for DoCo reset 3 one side is idented right 
and the other l e fto If a fault shoul d cause 
one of the t r ansformer rec tifier units to be 
removed from the ltn,e it wil l be reset by 
pulsing the rese t switch to the appr opriate 
side 9 provided the fault has clear ed itself. 

4o3 ol.4 EXTERNAL SUPPLY SYSTEM 

External AoCo power is utilized by plugging 
the supply into the aircraft r eceptac le and 
positioning the cock.Pit "Master Sw:1.tch" to 
the ,:On" position o 28 volts DoCo f rom t he 
external supply Pin "E" will then cl ose the 
two three - phase l i ne r elays and put power on 
the aircr aft right and l e ft hand AoC. buses ; 
a nd at the same time open a slave relay t o 
prevent the main AoCo line re lays f rom closing 
which prevents feed- back to the alternators. · 

~IED 
.¼:AGE 8 
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4.301.4 EXTERNAL SUPPLY S1STEM ( Continued) 

D. Co power is obtained from the transformer 
re c tifier units as be f ore,with the exter nal 
AoC. power supplying the A. Co requirements 
to the transformer rec t i fier units. 

PAGE 9 
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4.3.2 STARTING AND IGNITION (Ref. Fig. 2) 

4.3.2.1 The system consists essentially of an air turbine 
starter and an ignition system for each engine. 
The system is divided into two parts~ 

(a) that part of the system within the airframe 
consisting of the starter control switches 
and relays, the engine relight switches, 
and the ignition system. 

{b) the ground starter cart which contains a 
compressed air supply controlled by two 
air shut-off valves, one for each engine, 
and a 28 Volt D.C. supply. 

The ground starter cart is connected to t he air­
craft through two air hoses and an electrical 
connector, these connections are automatically 
withdr awn from the a ircraft by means of lanyard 
releases when it s t a r ts to taxi. 

The electrical connector provides two control 
leads (one for each air valve), one ground 
lead·, a 28 Volt D.C. power lead, a 28 Volt D.C. 
control lead, and intercommunication leads. 

4.3.2.2 STARTING 

Engines may be started individual ly or simultan­
eously. The starting sequence is as f ollowsg 
The ground cart, air hoses and elec trical 
connector are plugged into the aircraft and the master 
switch selected to the 11 ON 11 position. The start-
ing power relay functi ons, isolating the aircraft 
battery ·from the bus and replaces it with the 
external D.C. supply , and the emergency bus 
relay closes to connect the battery bus to the 
emergency D.C. bus. This prevents drain of the 
aircraft battery due to the normal and emergency 
services connected to the battery and emergency 
buses , whi le the starting cart is plugged in. 

To start the engine,the desired starting switch 
is set momentarily to the wSTART" position, this 
locks in the starting relay thereby opening the 
external air control valve to supply air to the 
air tur bine starter. 

PAGE 10 
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4 . 3.2 .2 STARTING 

When the engine attains a speed of 700 rpm a 
centrifugal switch on the starter c loses which 
energizes the ignition circuit and illuminates 
the advance thrott l e ind cator l i ght. The 
applicable thrott l e l ever is then advanced t o 
the "IDLE" setting. Whe n the starter r e aches a 
speed of 3020 rpm a second centrifugal switch 
opens which de - energizes the starting relay thus 
comple ting the starti ng yc le. 

If it shoul d be necessary t o 1nterrup the star t ­
ing cycle; the starting switch i s momentar ily set 
to t he nRE- SET" position which de- energizes the 
"locked" s tarting relay , thus resetting the system 
prepar atory to a furthe r start. 

4.3.2.3 RELIGHT 

To r elight the e ngi nes after a flame out while 
airborne, t he push button r e l ight swi eh is 
actuated t o f eed 28 volt s D.C. di r ec t l y to the 
ignition system. 

PAGE 11 
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4.3.3 ENGINE SERVICES (Ref. Fig. 3) 

4.3.3.1 OIL PRESSURE WARNING 

When the oil pressure falls below 25 p.s.i., an 
amber, cockpit warning light is lit by the 
actuation of a pressure switch. 

4.3.3.2 FUEL PRESSURE WARNING 

When the fuel pressure fa lls below 18 p.s.i. 
absolute, an amber, cockpit warning light i s 
lit by the ac tuation of a pressure switch. 

4.3.3.3 TURBINE DISCHARGE TEMPERATURE 

A thermocouple system is provided using four 
thermocouples located on the turbine discharge 
shroud ring of each engine and an indicator for 
each engine is located in the pilot 0 s cockpit. 

4.3.3.4 PRESSURE RATIO INDICATING 

This system, details of which are not yet fina­
lized, will inc lude a pressure transmitter and 
indicator for each engine, indicating percentage 
of thrust available. 

The indicator will be located in the cockpit and 
will be calibrated to indicate the thrust output 
from the engine as a percentage of maximum avail­
able thrust. 

4.3.3.5 AFTER BURNER ACTUATION 

The after burners are ac tuated by limit switches 
in the throttle box. When the right - hand and/or 
left-hand throttle lever is pushed forward into 
the after burner region and depressed, the 
associated limit switch is closed , actuating the 
appropriate after burner relay which selec ts the 
after burner valve to "OPEN". The heat exchanger 
oil cooler valve which is controlled by the same 
relay is also activated to the "OPEN" position to 
allow engine oil to pass through the heat 
exchanger, instead of by- passing the heat exchang­
er as in normal operation. 

PAGE 12 
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This system is comprised of landing gear actuation, landing 
gear indication, nose wheel steering, anti-skid control and 
automatic wheel braking to prevent wheel spin after "UP" 
selection. 

4.3.4.1 LANDING GEAR ACTUATION 

4.3.4.1.1 NORMAL OPERATION 

Normal landi ng gear a c tuation is con­
trolled by a special four pole double 
throw switch, with no "OFF" position, 
which has a solenoid interlock incor­
porated to prevent accidental retraction 
while the aircraft is on t he ground. The 
interlocking is accomplished by limit 
switches, a c tuated by the main U/ C scissors 
which ar e i n series with t he interlock 
solenoid . This locks the a c tuation lever 
until the ai r cr aft is airborne. 

Actuation of t he complete land i ng gear 
is controlled by one electr i cal l y operated 
hydraulic valYe . The so l e noi ds of the 
hydraulic val ve a r e en~rgized by se l ect­
ing " UP" or "DOWN " on t he landing gear 
actuating switch . 

When the landing gear is up and locked, 
the 11 UP" solenoid i s de-ene r gi zed by the 
three door up-lock limit switches wired 
in series; with landing gear down, the 
"DOWN" solenoid i s energi zed unt il t he 
master switch is shut off. 

4.3.4.1.2 EMERGENCY OPERATION 

For emergency "UP" actuation, when the 
aircraft is on the runway, a push button 
switch is provided to override the inter­
locking of the actuation lever and the 
lever must be selected "UP" while the 
push button switch is depressed. Power 
is provided from the battery when the 
master electrical switch is " ON" . 

Emergency down selection is 
by pulling the landing gear 
switch lever down through a 

SECRET 
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4.3.4.1.2 EMERGENCY OPERATION (Continued) 0v r ~ 

actuating a pneumatic valve me chanically. 

4. 3.4.2 LANDING GEAR INDICATION 

The position of landing gear is shown by three AN 
type indicators which indicate "UP" "DOWN" and 
neutral positions of each of the three landing gear 
components, a nd are actuated by limit swi tches on 
the "UP" an~ "DOWN" locks of the three landing gear 
components. 

In addition, these limit switches control the power 
to a warning light in the handle of the landing gear 
selection lever on either an up or down selection 
until all three landing gea r components a r e locked 
in the selected pos ition. 

4 .3 .4 . 3 NOSE WHEEL STEERING 

The nose wheel steer ing system is selected by a 
pus h button switch on the con t r ol column . This 
switch, wired i n series with the nose s c issors 
switch 9 actuate s t he coil of the nose wheel steer­
ing hydr aulic valve ~ permitting fl ow of hydraulic 
fluid to the s t eeri ng jack. 

4.3.4 .4 ANTI SKID SYSTEM 

The anti - skid brake contro l. system is designed 
to pr event too r apid deceler at i on of the aircraft 
braked landing wheels dur ing any phase of the 
landing roll. It a lso prevents landing the air­
craft with the wheels locked, in the event brake 
pressur e is metered prior t o touchdown or during 
a bounce . 

When landing gear "DOWN" is selec ted the door 
"UP" re lay No . 2 is de - energized by the opening 
of the door "UP" limit switches. The c los ing of 
contacts of the door "UP" re lay No.2 energizes 
the anti - s kid system. 

The con t r ol of this system is effected through the 
use of the fol lowi ~g equipment : 

(a) The skid detec tor unit at each br aked landing 
gea r wheel which sends signals to anti - skid 
contr ol unit if excessive whee l deceleration 
or lack of whee l rotation occur s. This is 

SECRET PAGE 15 
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4.3.4.4 ANTI-SKID SYSTEM (Continued) 

(a) (continued) 
called the wheel unit. 

(b) Solenoid operated hydraulic valve in brake 
line to each wheel which releases or re-applies 
pressure at wheel when operated by anti-skid 
control unit. 

(c) Anti-skid control unit which interprets signals 
from wheel unit and causes brakes to be released 
or re-applied on appropriate wheels as necessary. 

(d) Switch on main landing gear scissors which 
sends a signal to the anti-skid control unit 
when the weight of the aircraft is not on the 
wheels. 

4.3.4.5 WHEEL BRAKING 

A solenoid in each main wheel brake control valve is 
automatically energized during normal "UP" actuation 
of the landing gear, and admits hydraulic pressure 
to the wheel brakes to stop wheel spin before the 
wheels are fully retracted, 

Scissor switches on the landing gear prevents theee 
solenoids from being energized during emergency 
retraction. 

SECRET PAGE 16 
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4.3 .5 FUEL SYSTEM 

4.3 . 5.1 FUEL VALVE CONTROL 

The lef t and right low pres sure f uel va lves 
are supplied with 28v DC power from the· 
emergency bus through left and right fire 
extinguisher relays respec tively and left 
and right ground service swit~hes respective­
ly. In the 111 NORMAL11 switch position power 
is supplied to maintain the valve open. 

When either the open or c losed ac tuation is 
completed, l imit switches i n the valves will 
cut the power from that side of the valve. 
(In the intermediate valve positions both 
limit switches 1are closed). 

Actuation of an ex t i nguisher button in the 
cockpi t will energize the fire extinguisher 
relay and supply power from the battery bus 
t o c lose the appropriate va l ve . 

4 .3.5.2 LOW LEVEL FUEL SENSING AND FLOW PROPORTIONER 

VALVE CONTROL 

A low l e ve l fuel sens i ng system i s provided 
t o war n the pi lot of the exis tance of low 
l evel f ue l conditions and t o provide a means 
of control of the fl ow proportioner by-pass 
valve. The functioning of this system is 
described be low. 

One l eft and one right by- pass valve in the 
respec tive flow proportioner unit is 
control l ed automatica l l y by l ow level signals 
f rom the col l ector tanks (#5L & # 5R). If 
a signal from either the lef t or right tank 
is r ece i ved, supply from the main D.C. bus 
will a c tuate a relay to open a by-pass valve 
in the respec tive flow proportioner unit 

~

,and lock it in this position for the remainder 
of the flight. Simultaneously ~ a signal 
is sent t o . the Master warning Control Unit 
and the fuel pr oportioner ambe:.:· warning 
light in the front cockpit will be locked 
"ON 11

• The low level ber light f or the 
affec t ed a also go on. 
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4.3.5 .2 LOW LEVEL FUEL SENSING AND FLOW PROPORTIONER 
VALVE CONTROL (Continued) 

When t ~ ass valve is opened the fuel 
l l level wil l rise in the respec tive tank _and 

,d' , t he low level light will go out. Should 
\✓ \ \ vr- a low level condition occ ur again after 

~'\f ~;/" this i the pilot will receive a second warn-

, - , tank. 
~ \Joi' ing on the low level fuel light for that 

\ The lock- on re lays will automatically reset 

{) 
when power is shut off after the aircraft 

,//~ has l anded but the by- pass valve of the 
v),,v.:, r; I' f low propor t ioner unit affected will remain 
I in the open position until power is sub­

sequently turned on. 

For ground checking, visual indicators on 
the proportioner by- pass a c tuators will 
show that they are open. These indicators 
will stay in the "by passed 11 position until 
e lec trical power is turned on once agai n. 
When either the open or c l osed actuation is 
completed 3 the power is cut from that side 
of the valve . 

4.3.5.3 AIRCRAFT FUEL BOOSTER PUMP PRESSURE WARNING 

A signal wi l l be supplied to the Master 
Warning Control Unit and the applicable 
cockpit warning light will be illwninated 
through either the left or right f uel 
differential pressure warning switch 
when a low di fferential pre s s ure oc curs 
across the booster pump. 

For purposes of ground checking with the 
engines r unning, one left and one right 
press- t o- test green light is located on 
the refuell i ng and test panel E21 on the 
left side bottom skin between the speed 
brakes hinges. The ilpress- t o-test" 
indicates normal pressure by means of 
the same pressure switches that are used 
to operate rockpit warning lights. 
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4.3.5.4 EXTERNAL TANK SYSTEM 

4.3.5.4.1 FUEL TRANSFER 

When the external tank is fitted, a float 
switch in t he tank is connected to a • 
solenoid operated shut off valve in the 
air pressurizing line to the tank. The 
shut- off valve is supp lied with 28V D.C. 
from the main bus through u/c limit switch 
control preventing transfer when the A/c 
is on the .ground. The shut off valve is 
opened when the A/C is airborne by the 
presence of fuel actuating the float 
switch thus transfering fuel automatically 
until the tank is empty when the valve is 
c losed by the float switch. 

4.3.5.4.2 NORMAL TANK JETTISON 

When the jettison switch in the pilot 1 s 
cockpit is closed, emergency D.C. power 
actuates a relay to energize the external 
tank Jettison solenoid and simultaneously 
removes power from the external connector 
and the air shut off valve. 

As a safety measure the power supply to 
the externa l tank connector and to the 
normal Jettison switch will not be avail­
able until the main landi ng gear scissors 
limit switches have been actuated ~ i.e. 
when the aircraf t is airborne. 

4.3.5.4.3 EMERGENCY TANK JETTISON 

An emergency jettison switch is provided to 
override the landing gear scissors switch, 
(Ref. 4.3.5.1.2) and supply emergency D.C. 
power to the jettison system. 

4.3.5.4.4 SAFETY PROVISION 

A missile safety control limit switch, 
connected in series with another safety 
control limit switch on the nose landing 
gear door uplock , is included on the tank 
fitting to prevent missile release when 
the external tank is connected to the air­
craft. 
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4.3.5. 5 GROUND REFUEILING SYSTEM 

The following electrical equ1.pment is mounted on 
the ground refuelling panel located on the fuse-
l age betwee n the hinges of the left hand dive brake: 

(a) 

(b) 

One mas ter refuelling switch s upplied from the 
main D. C. bus. A mechanical interlock prevents 
t his switch being lef t in the "ON 11 position 
when the panel is shut. 

One selector switch with three 11 0N 10 positions 
(Normal Re f uel, Partial Refuel and De f ue l). 
The swi tch is supplied from the main D.C. bus 
when the master refuel switch is ~ON". 

In addition, two panels (one in the left and one in 
the right main u/c bay) each contain seven green 
i ndicator lights and one refuell ing control swi t ch. 
The indicator lights are wired t o switches on the 
seven tank shut off valves. 

The refuelling control switch supplies D.C. power 
to the eolenoids on the seven fuel level sensing 
valves. 

When the master refuelling switch is turned on, 
main D.C. power wil l "arm '0 the fourteen tank 
Incrrcator lights and automatically actuate the 
flight position relays t o break the main D,C. 
supply normally furnlshed to the left and righ t 
Flow Proportioner Unit during flight . 

4.3.5. 5. 1 Ma.in D.C. through the selector switch 
will operate tne appropriate re ays to 
actuate the valves according to 
selections as described below~ 

(a) Normal Refuel ing 

VALVES POSITION 

By-Pass - Flow Open 
Proportioner 

A1.r Press. Relief Open 

Preas. Regulating Open 
Valves 
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4.3.5.5.1 (Continued) 

(b) Partial Refuelling 

VALVES POSITION 

By-Pass-Flow Close 
Proportioner 

Air Press. Relief Open 

Press. Regulation Open Valves 

( c) De fuelling 

VALVES POSITION 

By- Pass- Flow Open Proportioner 

Air Press. Relief Close 

Presa. Regulating Close Valves 

4.3.5.6 RE-FUELLING 

4.3.5.6.l NORMAL REFUEL.LING 

When the fuel nozzle is connected, and 
after the master refuelling switch is 
turned on and selector switch turned to 
the required position., all tank indicator 
lights should be •oN~ before closing the 
refuelling control switches indicating 
the fue l shut- off valves are c losed. If 
a precheck is required in the ini tial 
stages of f uelling, t he Refuel l ing Control 
switches are turned on until the valves 
open and indicator lights go out. Then 
both refuelling con trol switches are shut 
off and a ll tank indicator lights reappea~ 
indicat ing the va lves re-c lose. 
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4.3.5.6.l NORMAL REFUELLING (Continued) 

Refuelling may then proceed by turning 
both refuelling control switches on again. 
As the tanks commence to fill the indica­
tor lights go out and then will come "ON" 
again when the tanks are full. The re­
fuelling control switches for both tank 
systems are shut off. Then the master 
switch is turned off and the main D.C. 
supply thro,ugh the flight position relays 
(which have returned to normal) will close 
both by-pass valves in th1e flow propor­
tioner units. 

Should main D.C. power be shut off before 
the refuelling master switch is shut off 
all the valves will remain in the last 
selected positions unti l main D.C. power 
is turned 11 ON" once more.--xl"'l the valves 
will then return to their normal flight 
positions. 

4.3.5.6.2 PARTIAL REFUEL 

Partial refuelling is carried out as 
described under normal refuelling in para. 
4.3.5.6. 1 except that the refuelling 
control switches are shut off when the 
desired fuel quantity is shown by the 
capacity i ndicators in the cockpit. 
Communication is required between the cock­
pit.and the control panel f or this opera­
tion and is catered for by provisions in 
the aircraft inter-communication system. 
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4.3.6 FUEL CONTENTS INDICATION (Ref. Fig. 6) 

The fuel quantity indicating system comprises two 
independent and symmetr ical systems of the capacitor 
type, one right hand and one left hand, and each . 
indicating the total weight of fuel remaining in the 
tanks f or their respective sides. 

The right indicator shows the t otal contents of the 
seven tanks 1, 3R, 4R, 5R, 6R, 7R & 8R, and the left 
i ndicator shows the total contents of the seven tanks 
2, 3L, 4L, 5L, 6L, 7L & 8L. 

Each tank contains a number of capacitor units wired 
in paralle l and t hey in turn are wired in parallel 
with all the -other units in the same system. The 
number of units in each tank i s sufficient to ensure 
a cc urate indication over a wide r ange of flight 
attitudes. Coll e c t or tanks 5L & 5R also each contain 
a compensator unit which i s connected to i ts respec ­
t i ve amplifier/ indicator unit to c ompensate for 
changes i n die l ectric pr operti es and dens i sites of 
the fuel. 
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4.3.7 FIRE PROTECTION SYSTEM (Ref , ~ig. 7) 

This system consists of a Fire Detection System and a Fire 
Extinguisher System, which provides protection for each 
engine and the hydraulic equipment bay, 

4,3,7,1 FIRE DETECTOR SYSTEM 

The system consists of a detector cable , warning 
light and control unit, and it functions as des­
cribed below, 

The insulation resistance of the detector cable 
fal l s on exposur e t o l ocalized heating, and this 
characteristic is utilized to light a warning 
l amp in the pilot's cockpit when the resistance 
drops to a preset value, The value of insulation 
resistanc e which caus es the light to glow is set 
by a resistor connected across terminals 1 & 4 
of the control unit, This a l s o permits interchange­
ability of the control unit between sys tems having 
detector cab l es of different lengths by merely 
changin~ the resistors, For test purposes a 

'• switch ( located on the refuelling & test panel E 21) 
is provided which opens the continuous loop of the 
detec t or cab l e and grounds one .end when actuated, 
thus causing a warning signal. The fire detec t or 
system is supplied f rom the emergency bus, 

FORM 1749 A 

4,3.7. 2 FIRE EXTINGUISHER SYSTEM 

4.3 . 7 ,2.1 MANUAL OPERATION 

The extinguisher sys tem is actuated by 
a push button switch for ea ch zone {which 
is combi ned in one unit with the appro­
priate fire detector indi cator light ) , 
Two fire extinguisher bottl es, ©ontaining 
Freon 12B2, are provided, each having 
three outlets and ea ch out l et is independ ­
ently cont r olled by an electrically 
actuated valve. Each one of t he three 
out l ets from each bottle is piped to 
one of t he three fi re zones. 

To operate the system, the appropriate 
switch is pushed and through a system of 
sequencing relays the associated fire 
bott le is triggered thus dis c harging the 
extinguishing medium into the fir e zone, 
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4.3.7.2.1 MANUAL OPERATION (Continued) 

If the fire is not then extinguished the 
pilot may, by closing the "SECOND SHOT" 
switch, discharge the contents of the 
second bottle into the same zone, or 
alternatively, should a fire occur in 
either of the other two zones the con­
tents of the remaining bottle may be 
discharged by actuating the appropriate 
push button switch. 

In the case of fire in an engine zone, 
provision is made through the use of shut 
off relays and time delays for closing 
the low pressure fuel cocks automatically 
before the extinguishers are actuated. 

Power for the first shot for each area 
is supplied from the battery bus, there­
fore, in the event that the master switch 
is "OFF", power from the battery bus will 
be available to close the low pressure 
cocks and discharge the fire extinguisher 

~ bottles. 

FOAM 1749 A 

4.3.7.2.2 AUTOMATIC OPERATION 

Under crash conditions , the c r ash or 
intertia switch will actuate the system, 
discharging the contents of one extinguisher 
bottle into hoth right and left engines, 
and the contents of the other extinguisher 
bottle into the hydraulic bay. • Power for 
this operation is also supplied from the 
battery bus_. 
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4. 3 .8 NORMAL CANOPY ACTUATION (Ref. Fig. 8 ) 

Actuation of ea ch canopy is effected by the operation of an 
elec t rica l l inear actuator containing load limiting switches. 
These switches ensure ful l travel of the canopy before they 
operate to remove the D. C. supply to the actuator. In 
addition a control t o energize the canopy seal pressurizing 
va lve i s incorporated. 

Ea ch canopy is control l ed by a pa i r of double pole double 
throw switches (with centre 11 0FF") i n para llel, one of each 
pair is located in each cockpit a nd the other on the canopy 
arch f e r ground a ctuation . 

These ground s ervice switches are for normal service and will 
not override the safety latches i n the cockpit. However , a 
mechanical emer gency releas e is incorporated whi ch may be 
ext ernal l y or internall y operated. 

Interlo•~king r elays are pr ovided in the c ircuit t o pr event 
the ground swi tches being actuated in opposition to thos e in 
t he cockpit . 

Bot h front and rear cockpit syst ems have limi t switches i n 
series with the D. C. supply t o prevent energizing t he actua­
t ors with t he canopies locked , t he limi t switches are actuated 
whe~ the l at ch is ful l y open. 

The canopy seal pressurizing valve is a ctuated automatically 
when bot h front and rear canopy la t ches are in the f ully 
c losed pos i tion by means of l imit swit ches in the locks which 
are wired in series. Power is taken from t he emergency D. C. 
bus . 

Power for canopy a ctuat ion is supplied from battery bus s o 
tha t the canopies ca n be opened or closed aft er the master 
switch has been tur•ned "OFF". 

Th e canopies shoul d only be opened onc e and closed onc e on 
the, :aircraft batt ery during a single flight cycle , but onc e 
the master swi tch is turned on, power can be obtained from 
t he s tart i ng cart or ground energiz er~ if the engines have 
not been started. 
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4. 3 .-9 RADOME DE- -ICING & WINDSCREEN ANTI- ICING 

4.3.9.1 RADOME ICE PROTECTION 

A solenoid operated shut-off valve is controlled 
automatically by a signal from the forward ice 
detector, through a 11 hold-on" relay. This detector 
is additional to the two detectors supplied in the 
Engine Anti-icing and Duct De-icing systems (Ref. 
Para. 4.3.14) but its operation is identical. 

When an icing signal occurs, the solenoid valve 
will be opened for 1-5 seconds supplying de-icing 
fluid to the radome. The actuation of the valve 
is controlled by the 11 hold-on 11 relay and when the 
valve closes the *hold-on" relay prevents further 
signals operating the valve for 15 seconds. 

Power to operate the valve is supplied from the 
main D.C. bus through normally closed contacts of 
a relay which are opened with A/Con the ground, 
thus preventing waste of de-icing fluid. 

4.3.9.2 WINDSCREEN & CANOPY ANTI- ICING 

Anti-icing of the pilot's winds creen and canopy is 
a ccomplished throughout by electrical heating. 
An electricall y conductive transparent coating is 
incorporated on t he inner surface of the outer 
glass l amination of the windscreen pane l s and 
sensing elements are built into the panels to control 
the temperature. 

The panels will be supplied from the primary A.C. 
bus and except for periods when the sensing ele­
ments opend the circuit, the panels wil l be 
energized conti nuously while the Master Switch is 
11 0N 11

• 
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403 .10 AIR CONDITIONING SYSTEM (REF. FIG . 10) 

4 .3.10.1 COCKPIT TEMPERATURE CONTROL 

Th,e cockpit temperature is controlled by regulating 
the mixtur e of hot air with cooling air which is 
cupplied to the cockpit. The temperature may 
be regulated to any temperature selected by the 
pilot within the r ange of 4 0 to 8o°F except that 
under 20 9000 ft. altitude the minimum temperature 
is limited to 55°F. 

This is achieved by a control valve located in the 
hot a ir supply duct which is controlled by a 
temperature sensing system. The sensing system is 
a balanced bridge circui t with sensing units located 
i n both the inlet a nd outlet ducts. 

4 . 3 .10.2 DEFOGGING 

A de-f og switch is fitted i n the pilo€s cockpit, 
to over ride the temperature sensing system agd 
provi e the inlet a ir at a temperature of 95 F 
to disperse fogging . 

4 .3.10.3 EMERGENCY OPERATION 

Fai lure of cool ing air fl ow to t he c ockpit at high 
speeds wi ll resul t i n critically high c ockpi t 
t emper atures due to kinetic ther mal effects~ To 
lower the t emperature, s peed must be r educed 
immediate ly 9 and the pilot ' s a i r s upply switch must 
be switched f rom "NORM.l\L" to either the "OFF" 
or t he "EMERGENCY" pos1tion . The "OFF" position 
will close the cockpit air i nle t control valve thus 
shutting off all a ir supply to the c ockpit and will 
also suppl y a signal to shut off the electronic 
equipment in the nose radar compar t ment which 
would be damaged by the rj_se 1n t emper ature . 

Selection of the " EMERGENCY" position will i ni tiate 
the same operat ions described for the "OFF" 
position, but in addition a ram air inlet control 
valve would b~ opened t o int r oduce r am air for 
cooling the~ssentp;:al compartments and the inlet 
control va"'f; oft e nose r adar wil l be c losed . 
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4 . 3.10.4 In the case of failure of either the Cockpit or the , 
Radar Temper ature Contr oller, power to the Radar 
Temperature Contr ol Valve or the Cockpit Temperature 
Contr ol Valve (as applicable) will be cut, permitting 
the valve to return to the closed position. 

4 .3 . 10.5 GROUND OPERATION 

( 1 ) 
A I • :j 

.J"' \) 

Satis fact ory gr ound operation is automatically 
provided for by the oper ation of a scissors 
switch on the right main undercarriage which 
opens when the we ight of the aircraft is on 

\//-:" 
'-._, \}' 

r 

( 2 ) 

\l 

the under carriage . 

Thi~ oper a tes a Fan Inlet Relief Valve on each 
engine to suppl y air , bled from t he engine intake 
duc ts 9 to the air c onditioning system which 
ma i ntains s table oper ating conditions when the 
air cr a f t is not in flight. 

4 .3 .10.6 RA IN REPELLANT 

Rain i s removed f rom the windscr een by hot , high 
pr es sure air direc ted at the wi ndscreen; operation 
is selec t ed by t he pilot thr ough a switch which 
c ont rols t he r ain r epellant air c ontrol valve. 

A t her mostat prevents operation of the valve if the 
a ir supply t emper a t ur e i s over 250°F . 
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4 .3.11 MISC SERVICES {Ref. Fig . 11) 

4.3 . 11. 1 SPEED BRAKES 

The control f or t he speed brakes, which 
a re hydraulical l y actuated, is provided 
by a do uble ac ting ele c t ricall y operated 
contr ol valve . A single pole double 
throw swi t ch , located in the righ t hand 
t hrottle handle in the pilot ' s cockpit, 
i s used t o control t his valve. The mid 
position of t he switch is marked "HOLD" 
and t he posi tions , t o ei ther side, are 
ident i f i ed "I N" and "OUT" r espec tively. 

When thi s swit ch is moved to the "IN" 
or the "OUT" posi t ion , the corresponding 
coil of the valve is ener gized f r om the 
emergency D. C. bus , r esulting in movement 
of t he s peed br ake to the ex t r eme position 
i n the se lec t ed direction . Any inter­
mediate posi tion be tween fully extended 
or f ull y r e t r a c ted can be obtained by 
moving the switch to ai HOID " when t he speed 

-., brake reaches t he desired posi t ion. 

FOR M 17 .f.9 A 

4 . 3.11 .2 TURN & SLIP I NDI CATOR 

Thi s is a conventional circui t powered 
f rom the emergency D.C . bus. 

4 . 3 .11 .3 ARTIFICIAL HORI ZON 

This i s a c onventional instrument wi t h a 
fas t erec tion s witch and i s power ed f r om 
t he i nst r ument t r ans for mer 115V 3 phase 
delta connected. 

4 . 3.11.4 BAIL OUT SIGNAL 

A switch , for use in emergen cy, i s loc a t ed 
in the pi lots cockpit . When t he switch 
i s opera ted a red warni ng l amp and a 
signa l hor n Wi l l be energi zed to warn t he 
radar opera t or to bai l out. A green 
indica t or lamp i n the pilots cockpit wi11 · 
also light up when the bail - out switch is 
operated . Power t o t he light s and signal 
horn is fed from the emergency bus thro ugh 
the nor mall y c l osed conta c t s of a l i mit 
switch mounted on t he eject ion seat in the 
r ear cockpi t . 
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4.3.11.4 BAIL OUT SIGNAL (Continued) 

The extinguishing of the green indicator 
light in the front cockpit indicates to 
the pilot that the r adar operator h~s 
ejected. 

4.3.11.5 HYDRAULIC PRESSURE WARNING 

Four warning lights located in the Pilots 
cockpit are as followsg 

(a) Flying Control System A 

(b) Flying Control System B 

( C) Utility System 

(d) Emergency Br ake 

In flying control systems A and Band the 
.utility system, the lights are energized 
by means of pressure switches when the 
hydraulic pressure drops below 1000 p.s.i. 
and a r e de-energized when the pressure 
subsequently r ises to 3000 psi. 

I n the emergency br ake system;the light 
is energized by means of a pr essure 
switch when the hydraulic pr essure drops 
below 1 ,600 p.s.i. and a re de - energized 
when the pr essure subsequently rises 
to 3,000 p.s.L 

4.3.11.6 SKIN TEMP INDICATOR 

Ful l details of the skin temperature 
i ndicating system are not yet available 
but the equipment will i nc l ude a 
sensing unit and a combined amplifier/ 
i nd ica tor i nstr ument mounted on the 
pilots instrument panel. Power supply 
for the system will be single phase A.G. 

4.3.11.7 PITOT HEAT 

Two pitot heads with conventional heaters 
are fit t ed on the fin tip, and supplied 
with 28v D.C. from the main bus. 
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4.3.12 COCKPIT LIGHTS (REF. FIG. 12) 

Five lighting circuits for each cockpit provide 
power to : 

(a) 

(b) 

( C) 

(d) 

( e) 

Main Instrument Panel Instrument lights ·(RED) 

Main Instrument Panel & Console Edge Lights 
(RED) 

Console Flood Light's (RED) 

Main Instrument Panel High Altitude console 
Flood Lights (Amber Flood) 

Emergency Flood and Map Lights 

The circuits may be turned "ON" or "OFF" indepen­
dently. Circuits "a"., 11 b 11 and.."c" have 
individual dimming control through variable 
transformers. Each emergency flood light has a 
dimmin~ feature incorporated. Circuits "a", "b" 
and "c are fed from the 115 volt main A.C. bus, 
circuit "d" from the 28 volt D.C. main bus and 
circuit "e" from the 28V D.C. Emergency bus. 
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4 . 3.13 EXTERNAL LIGHTS (REF . FIG. 13) 

4 . 3 .13 . 1 LANDING AND TAXIING LIGHTS 

Two AN3129-4523 lamps are fitted on 
the nose u/c. One is fitted on the 
steering portion for "Taxi" purposes 
and the other on the fixed portion 
of the leg. 

The landing a nd taxiing lights are 
controlled by a double pole double 
throw switch with a centre "OFF" posi-
tion. The control is through the . 
underca r riage door "UP" r elay to prevent 
the landing andtaxiing lights being 
turned on with the undercarriage up. 

One side of the control switch is 
connected t9 a single pole single 
throw relay which controls the 
landing light, the other side controls 
the taxi light thr ough a similar rela~ 

The switch is marked "TAXI", "OFF" and 
"LANDING". With the undercarriage 
down and "LANDING" selected>bot.h taxi 
and landi n~ lights will be illuminated; 
when "TAXI i s selected, only the taxi 
l i ght will be on . Power is supplied 
f r om the 28 volts D.C . shedding bus. 

4.3.13 . 2 NAVIGATION LIGHTS 

The navigation lights , consisting of 
the r ight and left wing tip l ights and 
the two fin tip lights, are controlled 
by a flasher uni t through a f our pole 
double throw switch with a centre "OFF" 
posit ion, Power i s supplied f r om the 
main D.c . bus. 

The control switch has two "ON" positions 
marked "STEADY" a nd 11 FLASH 11

• When the 
"STEADY" pos ition is selected all 
lights are turned on, and when the 
"FLASH" position is selec ted t he two 
wing tip light s and the white fin tip 
light will be on together and will flash 
alternate ly with the red fin tip light, 
each being oth ,75 seconds and off .75 
s econ s alte~ a te ly. 

• l 

PAGE 33 



-W---------------, 

4.3.14 ENGINE ANTI- ICING AND DUCT DE-ICING SYSTEMS (REF. FIG. 14) 

4.3.14.1 GENERAL 

P'ORM 174g A 

The anti-icing and de-icing install ation is 
di vided into three partsg 

Ice detecting 
Duct intake ramps and lips de-icing 
Engine a nt i-icing 

The power supplie s to the above systems are as 
followsg 

(a ) 28 Volt D.C. supply from the Main D.C. bus 
to the ice detec t ors and controls for both 
engine anti-icing and duct de-icing systems. 
The su,Pply f or the duct de-icing is fed through 
the U/ C scissors switch to prevent heating of 
the parting strips and shedding areas while the 
A/ C is on the ground. 

(b) 115/ 200 vo l t three phase supp ly f rom the left 
and right de- i cing buses to the respec tive 
distributor for heating the parting strlps and 
shedding areas in the duct de-icing system. 

4.3.14.2 ICE DETECTING 

4.3.14.2.1 GENERAL 

The detec tion of ice f ormation is 
accomplished by two electrica lly 
heated i ce detec tors. The units are 
identica l and one is mounted on the 
lip of each engine intake duc t. 

Normally , the detec t or on the l eft 
hand engine intake lips is used for 
i ce detection; the detec t or on the right 
hand intake lips is used when t he right 
engine only is running, or when some 
malfunction of the left engine causes 
the speed to drop below 3020 R.P.M. 

SE€RET PAGE 34 
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4.3.14.3 DUCT DE-ICING SYSTEM 

De-icing of the engine ducts is accomplished 
by electr:ically heated rubber ice protectors 
which are automatically controlled. The 
units which make up this system and their 
operation are described below. 

4.3.14.3.l CONTROLLER 

or 

The de-icing controller is supplied 
with signals from the ice detector 
as described in para. 4.3.14.2 and 
interprets them to control both the 
duct de-icing and engine anti- icing 
systems. 

On receipt of the first ice detector 
signal, the controllerg 

(a) turns on the engine anti ­
icing system. 

(b) energizes the parting strips 
on the ice protectors. 

(c) commences a count of icing signal~ 

When the count of icing signa ls 
reaches a pre- determined number, 
which may be preset in the controller 
between the limit s of 4 to 12 signals, 
the controllerg 

(a) starts the shedding cyc le of the 
duct ice protectors. 

(b) re commences the count of ic ing signals. 

Upon completion of the shedding cycle, the 
controllerg 

(a) 

(b) 

starts a new shedding cycle if 
the pre - set number of signals (or 
more) have been received since the 
commencing of the shedding cycle. 

continues the signal count until 
the pre- set number of signals has 
been received and then starts a new 
shedding eye le . 
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BOOT 
NO 

1 

2 

.3 

4 

5 

6 

NO'J'Eg -

FORM 1749 A 

CYCLING SHEDDING LOAD PARTING LOAD 
SEQUENCE AREA VoA o STRIP VoAo 

1 1752 1 480 
1 

2 2088 2 120 
=-===~ P~~=== 

2 3 3840 3 120 
= ~ ~ ea=- - ),:,.c--=- =~ea::,.-= --

3 4 3840 4 121 
-=~=-, F-=- - """""==-oo 

4 5 3840 5 122 
~~~.._,,.~ ;-a. =-><>==== -= 

5 6 3840 6 123 
~==~,,::=, ~-=-=-=-=-=-=-

6 7 3840 Bl eed 3090 
Holes 

'7 8 3840 8 60 I 
9 245 

12 38 
10 11 3840 11 38 

13 245 
9 10 3840 10 38 

14 245 

8 9 3840 7 60 
15 245 

TOTAL 5390 

Watt dissipation to arrive at l oads in tab l e 
ar e as f ollowsg 

20 watts per s quar e inch f or part ing str ips . 
12 watts per s quare inch f or shedding areas. 

Tot al load for one inta.lre 9320 V.A . 
S houl d i t be necessary t o increase the wat t 
disBipation to the shedding area s to 15 watts 
per s quare inch 1 the total load t o one intaks 
woul d then be 10.190 V.A. 
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or ( C} after a pre-set time (variable between 
40 to 160 seconds) elapses from (1) 
the recipt of the last i cing signal · 
or (ii) the commencement of the last 
shedding cycle, will initiate a final 
shedding cycle at the conclusion of 
which both the engine anti-icing and 
the duct de - icing systems are shut off. 

Also incorporated in the controller is a 
provision for adjus ting the shedding time for 
each shedding area between 4 and 12 seconds. 

4.3.14.3.2 DISTRIBUTOR 

The distributor supplies 115V A.C. power 
to the heated areas of the rubber ice 
protec t ors -in the! proper s~quence and as 
dir ected by signals from the controller. 

4.3.14.3.3 ICE PROTECTORS 

and 

The ice protectors are made of rubber and 
have wires embedded below the outer surface 
to carry the heating current. They are 
divided into two types of heated areas as 
appropriate to their l ocation as follows; 

(a) parting strips, which are continuo usly 
heated under icing conditions and thus 
kept free of i ce at all times. 

(b) shedding areas which are intermittently 
cycled according to the icing conditions 
encountered. 

The. protectors are prevented from overheating 
by thermostats provided on the installation 
which :Interrupt the heating current through 
the distributor for the shedding areas and 
via a relay for t he parting strips. 

4.3.14.4 ENGINE ANTI- ICING SYSTEM 

Engine anti- icing is accomplished by the use of engine 
bleed air. Operation of the system is started 
automatically by the controller through the actuation 
of an air supply valve and the system f unctions 
continuous l y during i c ing conditions. 

SECRET . 
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4.3.15 MASTER WARNING SYSTEM (REF. FIG. 16) 

~ 
\( 

''----3 

The complete system consists of the pilot's 
warning light panel , the master warning 
control unit , two master warning lights, 
two advance thr ottle warning lights and the 
fire extinguisher warning lights. 

Two master warning lights are provided on 
the pilot's main instrument panel. These 
lights are used in conjunction with the 
individual system warning lights on the 
warning light panel and provide a master 
indication of any trouble existing in the 
systems . The master warning light may b~ 
turned off by pulsing a reset switch on the 
warning light panel,however , the system 
warning light will r emain on until the 
fault is c l eared . 

The pilot 's warning light -panel consists of 
20 amber warning lights , a master warning 
light rese t switch ~ a push to test switch 
and a dimmer switch. Each light is 
identified on the lens as to the system 
it i ndicates and a light is supplied for 
each of the following services. 

(1) R/H Fuel Low 

(2) L/H Fuel Low 

~ (3) Fuel Pr oportioning Bypass 

~ (4) Fue l Dif ferential Pr essure 

(5 ) R/H Engine Fuel Pr essure 

( 6) L/H Engine Fuel Pressur e 

(7) R/H Oil Pressure 

(8) L/H Oil Pressur e 

(9) Utility Hydraulics 

➔ (10 ) Emergency Br ake 

( 11) Flying Control Hydraulics System A 

(12) Flying Control Hydraulic s System B 

(13) R/H Alternator Failure 
PAGE 38 
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(14) L/R Alternator Failure 

(15) R/H D.C. Failure 

(16) L/R D.C. Failure 

(17 ) Engine Emergency Fuel 

(18) Emergency Damping 

~ (19 ) R/R Low Rotor Overspeed 

~ (20 ) L/H Low Rotor Overspeed 

4.3.15.4 The maste r wa r ning control unit consists 
of a ser ies of sequencing relays which 
operate the warning lights in the 
following manner~ 

(a) 

(b) 

( C) 

( d) 

On receipt of a fire signal,the 
appropriate fire warning light will 
go on t ogether with the r ed master mrn-
ing light. -· 

On receipt of a signal from either 
Flying Contr ol Hydraulics systems A 
B,the associated amber light on the 
pilot 0 s warning light panel and the 
master amber war ning light are 
activated. Should systems A and B 
fail simultaneously or consecutivel~ 
both lights on the pilot ' s warning 
light panel will light and also both 
the red and amber master warning 
lights. 

When the pilot s witches on Engi ne 
Emergency Fuel,the light on the 
pilot 0 s warning light panel is 
a ctivated$ a reminder to the pilot 
that Emergency Fuel has been 
selected. No master warning light 
is lit. 

Any of the remaining lights as 
listed in 4 .3.15.3 will be energized 
simultaneous ly with the amber 
master warning light on receipt of 
a war ning signal. 
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~-. 3 , 15 , 5 The mas t er red and wnl..er warning l:t.ghts are 
duaJ. units having '._ fiJa_rnents each i.n parallel 
for r<:liabU.it;y . 

4 .3. 15 . 6 The bail out .Ught and u/c warntng Hght a re 
also c:onnec;ted to the test and d i mming 
clrcu.its . 

PAGE 40 
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5. DESCRIPTION OF EQUIPMENT 

The following pages cover Descriptions of i tems of equi pment 
which are part of the Electrical system. 

5.1 Alternator, Controls & Transformer Rectifier . 

5 . 2 Power Failure Detector . 
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5 . 1 ALTERNATORS 

The al terna tors are designed to give their rated output 
a t . 75 to uni ty P.F., 208 volts 400 cycles when driven at 
8 , 000 r . p . m. The alternators are of the revolving field 
pattern D.C. excited t hrough slip rings. No separate • 
exciter i s f i tted thus possible troubles associated with 
the operat ion of commutator machines at high altitude is 
avoided . High remanence materials are used to ensure that 
the sys t em i s se lf- exciting under a ll conditions of opera­
tion . 

The stat or wi ndi ng is a symmetrica l 3 phasewinding 1 Y1 

connec ted , and all phases are brought out to terminals. 
Line and phase vol tages are symme trical and within f 1% 
of their mean va l ues. In the l i ne voltage no individual 
harmonic exceeds 2% and the R.M.S. value of the total 
harmonic r es idue is les s than 5% of the fundamental value 
when l oaded a t any va lue be tween zero and full load on 
any balanced resistive l oad. 

The a l ternator is capable of being loaded by unbalanced 
l oads such that t he l ine currents may vary by± 10% of 
rated va l ue . 

5 . 2 ALTERNATOR CONTROLS AND T.R .U. 1 S 

5 . 2 . 1 The se uni ts are designed to house the following 
equipment g 

ALTERNATOR CONTROLS 

Compo unding Tr ans former and Rec t i fier 
Magne t ic Amplifier & Shunt Exciter 
Transforme:t• Rec tifier 
Vol tage Sensi ng Control Unit 
Voltage Trimmer Resistors 
Tickler Transformer Rec t i f ier 
Rotor Fie ld Re l ay and Thermal Delay Unit 
o/v Re lay 
Tickler I s olation Relay 

D. C. SUPPLY 

Main Tr ansformer 
Magne t ic Ampl:l.fi er 
Boos t Transformer 
Main Rec tif ier 
Vol t age Sensing Uni t 
Tri mmer f or Volt . Sense Unit 
Load Sharing Tr ans. Re c t. 
Reverse Current Re lay 
A rec t . to operate hold on coi l t o Cont. D.C. 
Cur rent Transformer - Rec t i fier for Fault Current Isolation 

SECRET 
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5 .2 ALTERNATOR CONTROLS AND T.R.u .vs (C ontinued) 

5 .2. 1 (Continued) 

The control boxe s a re mounted in a cabinet. Inlet 
air at a temperature 8O°F is provided which enters 
at the top of each box , the boxes being interchange ­
able. The boxe s are fastened in the cabinet by 
quick release fasteners, and either may be removed 
i ndependently for Servic ing. 

Ter minals a r e provided in front of each box for the 
main A.G. and D.C . inputs, outputs and auxiliary 
connec tions. The box is of a luminum construction 
and is braced to withstand a ccelerations of lOG 
ultimate in any plane . 

5 ,2.2 PROTECTIVE DEVICES 

The number of units used in pr otecting this system 
has been kept to a minimum c onsistent with safety. 
Protection is a f forde d agains t the following faults 
on the A.G . s upply system. 

ALTERNATOR CONTROL SYSTEM 

GROUND FAULT ON ALTERNATOR OUTPUT LINES 

This causes a signal to be rece ived from the O/v or 
ground faul t re lay depending on the nature of the 
fault. The operative r elay then closes the rotor 
relay and shuts down the system. 

O/v ON A.G . OUTPUT 

The O/V r elay oper ates and prov ides a signal which 
c l oses the rot or r elay. 

GROUND FA ULTS ALTERNATOR WINDINGS 

In the even t of a fault in the windings of the alter­
nator, a signal could be received from either the 
ground f ault relay or O/v re lay : which in turn 
would close the rotor r elay. 

CONTROL CIRC UIT FAULTS 

Fa ults within the al ternator control circuit would 
cause the 0/V relay to operate, which, in turn, would 
close the rotor relay , thus shut ting down the system. 
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5 .2.3 D.C. SUPPLY SYSTEM 

0/v ON D.C. OUTPUT 

The 0/v r elay operates, which isolates the A.C. in­
put to the T.R.U . f rom the busbar, which then causes 
the D.C . contactor to drop out. 

SHORT CIRCUIT OF MAIN RECTIFIER 

This causes a r everse current which operates the 
polarized relay which provides a tripping pulse to 
the A.C . feed to the T.R.U. , upon which the output 
from the hold on coi l rectifier ceases 1 and the 
rectifiers become disc onnected from the D.C. bus. 

5. 2.4 INSTALLATION 

ALTIBNA TOR 

This unit incorporates a flange and shaft to AND 
10266 and operates at a speed of 8,000 r.p.m. 
Cooling air is provided. 

TRANSFORMffi RECTIFIER UNIT 

Thes e units are base mounted and will withstand an 
acceleration of lOG ultimate and both units will fit 
into a space 13" x 19½" x 27". 
18 lbs. of air per minute at a temperature of 80°F 
are supplied for cooling both units. 

WEIGHTS 

Alternators 
Two Alternator Control and ~'RU 
Units in Cabinet 
Weight Per Unit 

52 lbs . each 

168 lbs. 
78 lbs. 
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5 o3 POWER FAILURE DETECTOR 

The Powe~ Failure Detector is used to monitor the electrical 
power supply to the Primary AoCo Bus to maintain power to 
priority loads by detecting low voltage conditions and 
improper phase sequenceo 

The Power Failur e Detec t or contains a small induc tion 
motor which a c tuates a single pole double throw micro 
switcho 

In the event of power failur e in one or more of the 
phases, the mot or will actuate the switch which in 
turn is used to actuate relays, and to give a visual 
indication of alternator failure by means of a warning 
light o 

Weight 20 ozs. 
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DEVIATIONS 

6.1 ACCESSIBILITY OF ALTERNATORS & DRIVES 

6 . 1 . 1 Specification MI L-E-7614 , para . 3.5 . 2 and 3 . 6. l 
require that "the generator shal l be accessible 
for inspect i on of al l brushes, commutat ors and 
slip rings while ins tal l ed . 

The constant speed drive and flexible shaft 
shal l be a ccess ible for inspection and s e rvic-
ing while installed and for removal for servicing 
without requiring the r emoval of other accessories 
except the gene r a tor. " 

6.1.2 The above requi r eme nt s are complied with except 
for removal of the constant s peed dr ive . Removal 
of t he alternator and constant speed drive requires 
the partial removal of the engine . 

6.2 SWITCHES - SPACE PROVISIONS 

6.2.1 Specification MIL-E- 7080, para . 3 . 4 . 1 . 4 r equire 
" space shal l be pr ovided on each swi tch panel 
containing four or more switche s , f or subseque nt 
installat ion of one spare switch conformi ng to 
Drawing AN3 022 and one switch confor ming to 
Drawing AN 3023. 11 

6.2.2 Space limitations on switch panels pr event 
installation of addi tional switche s . 

6.3 PRESSURIZED CONNECTORS 

6.3. 1 Specifi cation MIL-W-5088A, para. 3.6 . 6 . 6 r equi r es 
that "Pressurized conne c tor s shal l be instal l ed 
with the flange on the high pressure side. " 

6.3.2 In s ome cases pressurized connectors have been 
installed with the flange mounted on the low 
pressure side. This occurs in locations where t he 
wiring installation is such that compliance with 
the above requirement could only have been achieved 
by the use of an additional connector. 

6. 4 CABLE ROUTING 

6 .4 .1 Specification MIL-W-5088A , para. 3 . 7 . 3 . 5 requires 
that "cables to each equipment which must operate 
to maintain fl ight of the aircraft under normal 
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6.4.1 (Con~inued} 

or emergency conditions shall be separately 
routed from other cables." 

6.4.2 Space limitations pr event separate rout ing of 
cables essential to maintain flight . 

6.5 CABLE GROUPING 

6.5.1 Specification MIL-W-5088A, par a. 3.7.3.4 requires 
that "unprotec ted wires and cables of the primary 
electrical power system shall not be bundled or 
grouped with distribution circuit wires and cables ." 

6.5.2 Power source cables are bundled with distribution 
cables in some instances where space limitation 
prevents segregation. 

6.6 BATTERY DISCONNECT 

6.6.1 Spe cification CAP 479 , para. 70 . 05 (3 ) requi r es 
"Di s connect - a quick dis conne c t devi ce shall be 
provided at the battery t erminals to disconne c t 
the battery from the elec trical system." 

6.6.2 Nut type t erminals ar e used with a cover to provide 
terminal insulation, corona barrier and high creep­
age protec tion . 

Weight saving fac tor and reliability of a hermeti ­
cally sealed nickel- cadmium battery preclude the 
necessity for qui ck dis conne c t devi ces. 

6.7 WARNING LIGHTS 

6.7.1 Specification ARDCM 80-1, para. 6A.172 (b ) requires 
that "the caution indicator system shall consist 
of a master indi cator light and an indicator panel . 
The master light shall be red in colour and sha l l 
be label led "Master Caution"--------- The caution 
indicator panel-------- shal l provide a suitable 
vi sual indication, red in colour------- -- " 

6.7.2 One master warning light and all caution indi cators 
are amber in colour. 

The warning light system proposed by Avro was 
approved by the RCAF,Reference letter Sl038-105-4 
(ACE-1) dated 23 August, 1955. 
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6.8 CIRCUIT BREAKERS 

6.8.1 Specification CAP 479, para. 21 . 62(1) requires 
that "In single or tandem pilot aircraft , the 
circuit breakers shall be located forward of the 
inboard face of the right console." 

6.8.2 Limitation of space precludes the installation 
of c ircuit breakers in the c ockpit. Circuit 
b r eakers a r e used fo r prote c tion only and not 
as combina t ion prote c tion and switch . Tr ip free 
breakers are used which cannot be closed when a 
fault in the circuit exists. The circuit breakers 
will be located on a circuit breaker panel in the 
nose wheel bay . 

6.9 ISOLATION OF ELECTRICAL EQUIPMENT 

6.9.1 Spec ification ARDCM 80-1 , para. 13 . 615 r equires 
that "Electri cal equipment and fuel should be 
isolated to prevent ignition of the fuel by 
arcing of broken electri c al and fuel lines r esult­
ing f rom battle damage , a cc idental br eakage or 
normal arcing . 

-----Fuel, oil and hydr aul ic lines a nd equ ipment 
shal l never be loc ated i n a posit i o n whe r e leak­
ing fluid wil l c ome in c ontac t with ele c tri c al 
equipment t h rough e i ther the effects of gravity, 
air flow o r battle damage, and h yd r aul ic l ines 
will be routed below ele c trical equ ipme n t and 
wires whenever they cross paths , pur suant t o 
Specifi c ation MIL-E-7563 ." 

6.9.2 Electri c al l y operated fuel c ontrol valves and 
associated electrical cables are loc ated inside 
the fuel tanks . Fu el and hydraul i c lines a nd 
electrical cables are loc ated in c lose proximity 
in the fuselage unde r the wing and aft of 
station 485. 

The fuel tanks i n the wing sec tions are integr al 
with the wing structure, and space limitations 
in other sections of the airplane preclude possi­
bilities f o r wider separ ation of ele c tri cal 
components a nd cables from fuel and hydraulic 
lines . Where necessacy, adequate insulation and 
explosion proof type c omponents and conne c tors 
are installed to a void possible arcing and fire 
hazards. 

SECRET 
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6.10 IGNITION CIRCUIT 

6.10.l Specificat ion ARDCM 80-1, para. 9.522 requires 
that "single and twin engine aircraft shall 
utilize ignition systems with dual c ircuitry, . 
each c-ircuit being separately fused. The dual 

11 c ircuitry shall extend back to the power source. 

6.10.2 Single wire circuitry is instal led f or the 
ignition system as that part of the system 
supplied on the engine has only a single ignim 
tion circ uit . 

Engine relight in the air is a ccommodated by 
means of a separate circuit which is connected 
to the common ignition point on each engine. 

6.11 REVERSE CURRENT CUT- OUTS ACCESSIBILITY 

6.11.1 Speci fi cation CAP 479 , para. 70 .26(1) requires 
that "the reverse current cut-out(s) shall be 
acces sible for unhampered inspection and main­
tenance while the engines are running with the 
aircraft on the ground ." 

6.11 .2 The reverse current c ut - outs are no t a ccessible 
f or unhampered inspection and maintenance when 
installed a s these devices require an a ir con­
ditioned location and are trerefore ins talled in 
the t r ansformer rectifier unit and alternat or 
controls box . 

These protection devices are accessible only 
when the transformer rectifier uni t and alternator 
controls box is removed from the ai r craft . 
(Re setting of these uni ts is accomplished, on 
observation of D.C. f ailure warning light, by 
means of a swit ch l ocated in the pi lo t 1 s cockpit). 

6.12 OVERHEAT DETECTION - TURBOJET ENGINE INSTALLATION 

6.12.l Specification CAP 479, para. 23.61 requi r e s that 
"an overheat detection system of approved type 
shall be installed i n a ll turbojet - - --- propelled 
aircraft. " 

6.13.2 No specific overheat detection system is installed, 
the fire warning system is based on overheat temp­
erature and ad.di tional overheat protec tion would, 
therefore , be duplication. 

SECRET 
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4.3 

APPENDIX 1 

TERMS OF REFERENCE 

EXTRACTS FROM SPECIFICATION AIR 7-4 
LANDING GEAR 

4.3.1 A fully retractable, power operated landing gear 
with the nose wheel steerable, shall be fitted. 
A device shall be fitted to prevent inadvertent 
retraction of the undercarriage while the wheels 
are on the ground. 

4.3.2 EMERGENCY SYSTEMS 

Emergency operation of the landing gear shall be 
provided as f ollowsg 

4.3. 2 .1 Whee ls Down - An emergency means of 
extending and locking the landing gear 
in the event of failure of the landing 
gear primary power system shall be 
i nstalled. 

4.3.2.2 Whee ls Up - Override Retractiong A 
c ont rol shall be installed to override 
the device for prevention of inadvertent 
retrac tion, thus allowing emergency 
r etraction of the undercarriage when the 
wheels are on the ground. 

4.4 SPEED BRAKES 

4.4.1 The controls shall be arranged such that the pilot 
can set the brakes at the fully opened, intermediate , 
or fully closed position. -------

4.5 ANTI- ICING PROTECTION 

4.5.1 GENERAL 

Adequate anti - i c ing protection shall be incorporated 
so that the aircraft can be operated for its max imum 
endurance under all weather conditions, including 
heavy rain or snow and icing conditions. 

4.5.2 Particular attention shall be given to protecting 
the following g 

4.5.2.1 Engine 

4.5.2.2 Windscreen 

4.5.2.3 Radome 

4.5. 2 .4 Engine Air Intakes 

4.5.2.5 Control Surfaces, Flaps and Doors 
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Extracts From Specification AIR 7m4 

4 .6 PROTECTION FROM ENEMY FIRE 

(Cont'd) 

4.6.1 Dur ing the design of the aircraft special considera­
tion shall be given to the building-in of invulner­
ability t o enemy fire by the maximum use of such 
inherent types of protection as positioning of 
c omponents , fue l and hydraulic lines, and like items. 

4 . 7 MAINTENANCE AND READINESS 

4. 7. 2 TURN AROUND 

4 .7. 2 .1 Tur n around is a first line maintenance 
operation required to return the aircraft 
t o an ope rationally serviceable condition 
after landing and shall include replenishment 
of al l consumable stores and liquids as 
we ll as a between flight inspection. 

4.7. 2. 2 Turn around time shall not exceed five 
minutes. 

4.7.3 READI NESS 

4.7.3 .l The aircraft shall be designed such that, 
once having bee n certified oper ationally 
serviceable, it shall be capable of 
remaining ser vi ceable at the highest stat e 
of r eadiness f or a period of at least 24 
hour s . 

4 .7.4 AUTOMATIC DI SCONNECT COUPLINGS 

All exter na l connec tions from the aircraft to ground 
equipment s ha l l be made through automatic dis connec t 
couplings pr efer ably l ocated in an adjacent area. 
The automatic couplers shall be positioned such t hat 
they will be dis connec ted by the aircraft taxiing 
straight away. 

6 POWER PLANT INSTALLATION 

6.1.2 Variations of thr ust with the afterburners 
operating shall be provided, and shall be control l ed 
by a means agreed between the Department and ·the 
Contrac t or, in conjunction with the engine manufac turer. 
Such variation shall be effected by means of the 
throttle control for each engine. 
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Ext r acts From Specification AIR 7- 4 (Cont 1d) 

6 02 ACCESSORIES 

6 o2 ol The hydr aulic pump and elec tric generator shal l be 
duplicated or ar ranged s o that there is an adequate 
suppl y of power to oper ate essential hydraulic and 
e l ec trical servi ces and allow a limited c ombat 
capability afte r the failure of any one engi neo 

6 03 ENGI NE INSTALLATION 

6.3o3 All engine controls, fuel lines, and elec trical 
leads shall i ncorporate quickly detachable connectors 
t o fac i l itate engine installation and removalo 

60304 Spec ial attention shal l be given to the engine and 
a ccessory installations so that maintenance and 
i nspec t ion wi ll be facilitated to the utmos t o 

606 FIRE PREVENTION 

6.6.1 A continuous wir e type or a rate of change of 
temperature type fire dete c tion system shall be 
installedo 

60602 A fire extinguishing system shal l be installed in 
a ccordance with CAP 4790 

607 ENGINE STARTING 

6o7o l The engine s tar ting shall be unde r t he control of 
the occ upant of the front cockpit o ------ -

8 INSTRUMENTS 

80 2 I NSTALLATION 

8 0204 Al l a ir l ines and electrical l eads shall be 
f lexible and fi tted with quick-disconnects and 
shall be of sufficient length t o allow easy 
instr ument remova lo 

803 ENGINE INSTRUMENTS 

All engine instruments shall be of the e lec trica l 
remote single indicating type and 2 inch case size 
in accordance with UoS. Drawing AND1O412 and shall 
be clamp mounted in ac cordance with MIL-C-6818 0 

SECRET 
-- .... " .. -.::. ... 
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8.3. 2 The tachometers shal l conform to the requirements of 
ORl/2-5. 

8.3.3 A capacitance type fuel contents system shall be 
installed. 

ELECTRICAL EQUIPMENT 

9.1 GENERAL 

9.1.l All e lec trical equipment shall be installed in 
accordance with Specificiations MIL-E-7614 and 
MIL- E- 7080, MIL- G-6099 and the requirements of 
u.s.A.F. Drawings 53D6792 and 53D6793 applied 
t o the rating of the alternators except as 
otherwise detailed in this specification. The 
requirements of u.s.A.F. Dr awings 53D6792 and 
53D6793 have precedence over MIL- G- 6099. Approved 
herme tically seal ed components shall be insta l led 
where availabl e . 

9. 2 A nicke l-cadmium type battery or equivalent shall be 
installed . 

9.3 An external alternating cur rent power receptacle in 
a ccordance with the out l ine of U.S. Standard Drawing 
AN3114 shal l be provided . 

9.4 INTERI OR LIGHTING 

9.4. l The cockpit lighting system shall be in accor dance 
with CAP 479. 

9. 4.2 Wher e possibl e all cockpit control pane l s shall be 
.. pro\71ded with r ed console lighting in accordance 

with USAF Spec i fication MIL-P- 7788. The int ensity 
of i llumination shall be controllable . 

9 .5 EXTERIOR LIGHTING 

9.5.1 External lights shall be provided in accordance with 
CAP 479 except that the landing light shal l be 
i nstalled on the nose gear structure, and upper and 
lower fuse l age lights are not required . 

9.5 .2 A taxi light shall be fitted to the nose under ­
carriage assembly such that it will foll ow the 
d irec tion ofthe nosewheel steering. 

- - --••v 
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EXTRACTS FROM CAP 479 

ENGINEERING DATA 

REQUIREMENTS FOR ENGINEERING DATA 

(7) Ele c trical Load Analysis - The electrical load analysis 
shall present in tabular form complete and accurate in­
formation on the electrical loads for both AC and DC 
power, that may oc c ur during the following operating 
conditionsg 

a 
b 
C 

d 
e 
f 

taxiing 
t ake off and climb 
cruis e 
maximum continuous level speed 
combat and 
landing 

The analysis shall form the basis for selec ting the 
ne cessary- power supply equipment, for designing the 
elec trical distr ibution system and for determining 
the safe reserve capac ity of t he elec trical system . 
During the life of the aircraf t the analysis will 
be used to determine the feasibility of installing 
addit ional items of elec trically operated equipment 
without j eopardi zing t he safety of the aircraft. 

{16 ) Reproducib l e Schematic Diagrams - Schematic diagrams 
shal l be submitted f or the hydr a ulic , electrical , 
pne umatic , cowmunications, armament, fuel and 
l ubricat ion systems. 

CONTROLS 

Clear ance and Ease of Operation - Controls shall be designed 
and loca t ed s o that the operator can readily mo.ve e ach control 
throughout it s entir e range of travel, without moving any 
other control , whi le wear ing heavy gl oves and flying equipment , 
and wi th shou l der har ness in place, but not necessarily locked . 

Direction of Motion 

( 1) Except for t hree posit ion switches, where the center 
posit.ion shal l be 11 0FF 11

, all controls shall be so designed 
that their movement in a predominant ly forward, upward, or 
clockwise d i rec tion shall result in increased perfor mance 
of the component or the aircraft and, conversely, the ir 
movement in a backwar d, downward or counter- c lockwise 
dir ection shall !'e sul t in decreased performance of the 
component or the aircraft. 
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(2) 

(3) 

All variable controls operated by a rotary motion shall 
move clockwise from the "OFF" position through "LOW" 
or "DIM" to "HIGH" or ''"BRIGHT". 

The direction of motion of controls is described with 
reference to the operator, and not to the aircraft. 

SHAPE AND LOCATION OF CONTROL KNOBS 

To a ssist identification without visual reference control 
knobs shall be of distinctive shape. All controls of a like 
f unction should be gr ouped t ogether, with normal operating 
and emer gency controls havi ng pre fered position. 

FLIGHT CONTROLS 

SPEED BRAKE CONTROL 

The speed brake (air brake) control shall be located on the 
power control or adjacent t o the power quadrant in stick ­
controlled aircraft. The control motion shall be aft f or the 
speed br ake ope r ative and forward for the brake inoper ative , 
and the cont rol shall be marked "OUT" and "IN" respec tive l y. 
Wher e the speed brake control is of a type which can be 
swi tched off, the control shall be markedg "OUT" - "OFF INI -
18 IN 1111

• 

LANDING GEAR CONTROL AND INDICATORS 

(2) Emergency System - Emer gency operation of the landing 
gear shal l be provided f or in the landing gear contr ol 
as f ollows g 

(a) 

(b) 

Wheels Down - The l anding gear control lever shall be 
moved through a gate, past the normal "Whee l s Down" 
position , t o effect emergency operation. 

Wheels Up-Override Retraction - A control , ad j a ce nt 
to the l anding gear control fever ., shall be ope •ated 
momentari l y t o enable the movement o.f the l andi ng 
gear control lever from "Wheels Down", to "Whee ls 
Up" ,, thus over riding the safety device fitted t o 
prevent inadvertent retraction. 

(3) Warning Light - The landing gear control lever shall 
incorporate a r ed war ning l i ght which shall be i l luminated 
when any gear is not exactly in the position s~ilec t ed , 
as when any power control is placed below the minimum 
cruise posi ti.on with the landing gear not safely down 
and l ocked. 
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21.40 

21.41 

21..56 

21. 59 

(4) landing Gear Position Indicators - landing gear position 
indicators which shall indicate the position of each 
wheel at all times shall be provided on the instrument 
panel or adjacent to the landing gear control lever. 

GROUND STEERING CONTROLS 

(1) Nose Wheel Type Aircraft - The nose wheel lock or steering 
control shal l be 1.n accordance with the RCAF Aircraft 
Specification. 

EMERGENCY CONTROLS 

General - All emergency controls shall be coloured with black 
and yel low strips. 

FIRE EXTINGUISHING CONTROLS AND INDICATOR 

(1) 

(2) 

The fire fighting controls shall be located on an 
emergency panel accessible to the pilot 9 s thrott le 
hand. 

Fire and Overheat War ning Indicators - A red fire 
warning light shall be incorporated in or installed 
adjacent t o each fire fighting control in such a manner 
as to indicate the location of the fire. If overheat 
warning lights are instal l ed , they shall be incorporated 
in the fire warning light by means of an interrupted 
cir cuit. The indication f or overheating shall be an 
interrupted signal, and the indicati.on for fire shal l 
be a steady signal from the fire warning light. 

FUEL SYSTEM CONTROLS 

(1) General - The fue l system controls shall be grouped 
as far as practicable according to f unction on a fuel 
sys tern panel. 

(3) Emergency Fuel Pump - When a separate emergency fuel 
pump control is provided this control shall be located 
adjacent to the appropriate fuel selector. The control 
motion shall be predominant l y forward or upward for "ON". 

IGNITION SWITCHES 

(2) Turbojet and turbo- propeller Engines - The master 
switch for turbojet and tur boprope ller engines shall 
be located adjacent t o its respective power control. 
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Master Elec trical Switches - In single or tandem pilot 
aircraft, the master electrical switches shall be located 
t ogether, forward on the right hand console. 

ELECTRICAL POWER CONTROLS - The electric power c.ontrols 
inc lude the bat t ery, generator, primer, starter, booster 
coil, i nverter , and oil dilution controls. In single or 
tandem pilot aircraft, the se swi t ches shall be mounted 
on a panel on the r ight hand side of the cockpit, forward 
of the l ight switch panel . In al l aircraft the booste r 
coi l, primer, and starter switches f or each engine shall 
be mounted side by side , so that they can be operated 
toge ther by one hand. 

CIRCUIT BREAKERS 

(1) In s ingle or t andem pi l ot aircraft, the circui t 
breakers shall be l ocated forward on the inboar d 
face of t he r ight hand console. 

(2) The circuit breakers should be grouped according 
t o funct i on, with the most critical circuit breakers 
in the mos t accessibl e position. In aircraft where 
cockpit space is l imited ~ on_ly those circuit breakers 
essential to safety of flight should be located in a 
pos i tion accessible t o the pilot. Circuit breakers not 
essenti al t o the safety· of fligh t may be p l a ced in the 
cockpit in s uch pos i tions as not to occ upy space 
cons i der ed more essenti a l for operating control s. 

LIGHT SWITCHES 

(1) Genera l - In single or tandem pilot aircraft a ll light 
switches except landing light switches shall be located 
on the r i ght hand consol e t o the rear of the master 
switches , and functionall y grouped toge t her. 

{2) Landing Light Switches - The l anding light switche s 
shall be adjacent t o the landing gear control leYer 
or the power control lever. 

MISCELLANEOUS CONTROLS 

Defrosting, De - icing, Ai r Conditioning 3 and Cabin Pressurization 
Controls. 

(2) In single or tandem pi lot aircr aft, these controls shall 
be grouped on a pane l on the right hand side of the 
cockpit. 

~ -
SECRE_T 
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Electrical Equipment - Electrical equipment located in 
potential fire zones shall be explosion-resistant. 

WARNING SYSTEMS 

Fire Warning System - A fire warning system of approved type 
shall be installed ' in all aircraft, to indicate fires in 
potential fire zones. 

Overheat Dete ction System - An overheat detection system of 
approved type shall be installed in all turbojet, turbopropeller, 
and rocket propelled aircraft. 

FIRE EXTINGUISHING SYSTEM 

Operation~ The fire extinguishing system shall be operated~ 

(a) manually , by a control readily a ccessible t o the pilot, 
or t o the fl ight engineer, if applicable and 

(b) automatica lly, by a switch which will be actuated by a 
a cra s h l anding. 

The automati c system shall provide one discharge of agent 
to each power plant , and one discharge of agent t o each 
potential fire zone other than cargo compartments. 

EXTREME CLIMATIC CONDITIONS 

Batterie s 

(1) The output of elec tric stor age batteries falls progressively 
with de creasing temperatures and they must be removed 
frequently for re-charging and placing in heated storage 
during cold weather. It is therefore essential that the 
battery storage be easily accessible t o personnel wearing 
heavy c l othing and mitts. 

(2) Dry batteries are seriously affec ted by low temper a t ures, 
their output falling unti l the chemical action ceases. 

<;-SECRFT 
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INS ULA. TION 

(1) Most types of synthetic rubber insulation on elec tric 
cables are unsatisfac tory at low temperatures as they 
l oose their flexibility and crack when bent. This 
defect applies particularly to the wiring of landing 
gears and wing circuits on folding-wing aircraft. Natural 
rubber or silicone rubber insulation is recommended for 
use at such locations. 

(2) Sharp bends in electric cables should be avoided as much 
as practicable. 

SWITCHES 

(1) Switches shall be sufficiently large and widely spaced 
to permit operation while wearing heavy gloves. 

(2) Spring return tumbler switches shall be used for oil 
dilution, engine starting~ booster coil, and priming 
circuits. Push button switches should be avoided. 

PLUGS AND SOCKETS 

Plugs and sockets shall be easily accessible. Connectors 
should be installed at unavoidable sharp bends in cable r uns 
where necessary to permit easy replacement. 

OIL SEALS 

011 seals on star t er motors and generator shall be made of 
a material that will withstand extreme low temperatures and 
that is not aff ec ted by diluted engine oil . 

ANTI- ICING AND DE- ICING REQUIREMENTS 

AIR INTAKES 

Turbo jet and Turbo-propeller Engines - The entrance to the air 
induc tion system of turbo·jet and turbo-propeller engines shall 
be protec ted against ice formationo This is necessary because 
of the severe power losses which may be cause by relatively 
small disturbance to the air flow. In addition, all airframe 
par ts in the air induc tion system, such as engine ac cessory 
covers or air duct valves, which may be subject to ice accretion, 
shall be protec ted. 

'- ' I 
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WINDSCREENS 

Approved means shall be provided for preventing the formation 
of ice, or the accumulation of snow, on the pilot's, second 
pilot's, and bomb aimer's windscreens. Means shall also be 
provided for preventing the fogging and frosting of all trans­
parent areas provided for the use of the crew. 

ELECTRICAL SYSTEM 

GENERAL 

The electrical power supply shall be either: 

(a) a direct current, nominal 28 volts, single wir e , 
negative grounded system; or 

(b) an alternating current, 115/200 volts, nominal 400 
cycles per second , three phase , four wire, star 
connected, neutral grounded system; or 

(c) an alternating current, 115/200 volts variable 
frequency, three phase, four wire, star connected, 
neutral grounded system. 

CHARACTERISTICS 

Characte r istics of the electrical power supply shall conform 
to the te chnical requirements of US Military Specification 
MIL-E-7894 , Elect r i c Power, Aircraft, Characteristics of. 

DUPLICATE POWER SOURCES 

Any combination of engine that will maintain the aircraf t 
in flight shall drive generators of sufficient capacity to 
operate the electrically actuated services that are normally 
necessary to permit continued flight and landing . 

GENERATORS 

(1) Accessibility-Generators shall be installed so that: 

(a) they may be readily removed and replaced, and 
the security of the mounting may be checked 
visually; 

(b) the terminals are readily accessible for 
maintenance and inspection; 

(c) the brushes , commutators , and slip rings may be 
easily inspected without removel of the generator. 
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70.04 GENERATORS (cont'd) 

(2) Mounting - An approved quick attach/de t ac h device 
may be utilized for mounting . 

(3) Cooling - Where required by the generator design, 
means shall be provided for adequate cool ing. The 
cooling air duct shall have sufficient f lexibi l ity 
to allow for the maximum possible relative movement 
between generator and duct, shall not impose stresses 
on the generator, and shal l be designed to minimize 
the possibility of water or other foreign material 
entering the generator. 

(4) Wiring - Generator control wires and power wires 
shall be routed separately and in such a manner as 
to minimize the possibility of short circuits between 
them. The wiring shal l have sufficient slack so as 
not to place stresses on the generator terminal block, 
under all conditions of engine vibration. The terminals 
shall be provided with insulating nipples. The negative 
cables of DC generators shall be grounded to the nearest 
main structure . The negative cable of AC generators 
shall be grounded to t he nearest main structure after 
passing through the differential current transformer. 

(5) Rating - In ai rcraft provided with only one generator, 
the rated continuous current capacity of the primary 
gene rator system should exceed the average continous 
electrical load by 33 per cent. In aircraft provided 
with more than one generator , the rated continuous 
current capacity of the primary generator system 
should be at least twice the average continuous 
electrical load. 

(6) Frequency - Variable frequency alternating current 
generators shall deliver power within the frequency 
range of 380 to 1200 cycles per second. Constant 
frequency alternating current generators shall deliver 
power within the frequency r ange of 380 to 420 cycle s 
per second . 

(7) Constant Speed Drives - Where a constant speed drive 
is used it shall be accessible for inspection and 
servicing in pl a ce, and shall be capabl e of being 
removed and replaced without requiring the removal of 
other accessories except the generator. It shall be 
installed so that the center line of the input shaft 
of the constant speed drive coincides with the center 
line of the power plant accessory drive. Adequate 
cooling of the constant speed drive shall be provided, 
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GENERATORS (cont ' d) 

(8) Controls - Adequate controls shall be provided to 
maintain the characte r istics of the power supply 
within the specified limits . 

BATTERIES 

(1) Type - Storage batteries shall conform to approved 
type specifications . 

(2) Instal l ation - Batteries shall be installed in 
ac cordance with approved specifications and drawings 
and shall be provided with retaining devices of 
approved type . The installation shall not require 
the use of spe cial l y designed ground handling equip­
ment for servic i ng , testing or replacement of 
batteries, and shall not impose hazardous conditions 
on maintenance pers onnel , the aircraft , or the 
bat ter ies , dur i ng s e r vi cing, testing or replacement. 
Pre cautions shal l be taken to pr event damage to 
equipment t hat might be harmed by battery acid 
spil l age, spr ay, or fumes . 

( 3) Disconne c t - A quick di connect device shall be 
provided at the batte r y terminals to disconnect the 
ba tter y from the e lec t r i cal system. 

EXTERNAL POWER RECEPTACLES 

( 1) 

(2) 

( 3) 

( 4) 

Unless otherwise specifie d, ex ternal power receptacles 
shal l be provided i n al l aircr aft except gliders. 
Re ceptacles shall conf orm t o approved standards, 
specifi cations , and dr awings . 

Receptacles shal l be access i ble from the ground. A 
spring loaded ac cess door shall be installed over 
the r eceptacle (s) so that the door will close auto­
matical l y after t he power cable is withdrawn. Recept­
acles shall not be i nstal led in wheel wells or bomb 
bays . 

The receptacle(s) shal l be l ocated and connected to 
the elec t rical system so t hat the voltage drop 
between the r e ceptacle ( s ) and the starter terminals 
doe s not exce ed two volts. 

If the external power receptacles are installed side 
by side , there shal l be a distance of at least 2½ 
i nches separating them, center to center. 
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EXTERNAL POWER RECEPTACLES (cont'd) 

(5) Receptacles shall be far enough removed from 
propellers , ;Jet intakes and exhaust outlets to 
avoid hazards to personnel. They shall be located 
so as to provide adequate spacing between the 
external power plant and any openings from which 
fuel might spill during refuelling, defuelling, or 
engine s t a r ting. 

(6 ) For interceptor f ghters the installation of the 
re ceptacl e (s ) s hall be such that the external power 
cables will be automati cal l y r eleased upon movement 
of the aircraft. 

DISTRIBUTION 

WIRING 

The instal l ation of electri cal wiring in aircraft shall 
conform to the te chni ca l requirements of U.S. Military 
Specifi cation MIL-W- 5088 . Wi ring, Aircraft, Installation 
of, and applicable relat ed specifi cations, drawings and 
other publications , except that preference shall be given 
to equivalent spe c ifi cations etc . , issued by the Depart­
ment of National Defence, 

BONDING 

All metal l ic part s of the aircraft and its equipment and 
accessories shal l be bonded in ac cordance with the 
technical requirements of U.S. Military Specification 
MIL-B-5087 , Bonding, Ele ctri cal (for Aircraft), and 
applicable related specifica tions , drawings , and other 
publications, except t hat pr eference shall be given to 
equivalent specifi cations etc. , issued by the Department 
of National Defence . 

RADIO INTERFERENCE 

All equipment shall be ins t alled so as to insure freedom 
from radi o interference in accordance with RCAF Specifi­
cations RAD 81 - 2, Radio Interference Suppression in Aircraft. 

FILTERS, CAPACITORS (Radi o Inter ference) 

(1) Filters shal l be instal l ed only where necessary to 
insure satisfactory freedom from radio interference. 
Filters shall be of an inter nal l y grounded type. 
Capacitor type fil t ers should be used except where 
this type is not adequat e. 

SECRET 
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FILTERS2 CAPAC I TORS (cont ' d) 

(2 ) The f ilter s shoul d be located a s near as practicabl e 
to t he source of interference. Filters shall be 
i ns t al led so that~ 

(a ) they are properly grounded through t he ir mountings; 
and 

(b) the connecting wire to a capaci tor type filter 
shal l be a s short as practi cable and not longer 
than 4 inches. 

CI RCUI T PROTECTIVE DEVICES 

(1 ) Circuit breakers shal l be used for the pr otecti on of 
circuits. Fusee , fusible links, current l i mi ters , and 
othe r circuit protective device s shal l only be used 
where s pecifically authorized by t he RCAF . Remot e 
control and automatic reset type ci rcuit br eakers may 
be used when practi cable. 

(2 ) Unle ss otherwise spe cified , circui t breakers shal l be 
ins t alled for the protection of all circuits at the 
point of power take off, or not more t han 3 f eet from 
the bus. Vital circuits such as indica t ors, warning, 
l ighting, and arma~ent circuits , shall be individually 
prote cted, non-vital circuits may be connec ted in 
mul tiple to a single c i r cuit breaker . 

( 3 ) Switch c ircuit breakers shal l be used only where i t is 
desired to combine c ircuit pr otection and control in 
one unit, 

(4 ) Push-pull circuit breakers shall be used wher e it is 
desired to combine circuit protection and emer gency 
control, 

(5) Au t omatic-reset circuit breakers shal l be preceded by 
switches, control relays, or othe r means of opening 
t he circuit. 

( 6 ) Space shall be provided on the circuit breaker pane ls 
for the installation of at l eas t one additiona circuit 
bre ake r f or each group of six breake rs . 

(7} The capacity of the circuit p~ote c t ive de vice selec ted 
shal l be such as to ensure openi ng of the circu i t 
before damage will occur t o the circui t wi r ing under 
short circuit or sustained overload condi ti ons, 

SECRET1 
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CIRCUIT PROTECTI VE DEVICES (cont'd) 

( 8 ) Guards that do not interfere with operation of the 
unit may be i ns tal l ed on switch circuit breakers, 
sub j ect t o t he approval of the RCAF. 

VOLTAGE REGULATORS 

(1) Voltage regulators should be l ocated so that they are 
ac cessible f or maintenance and adjus tment while the 
engines are running with the a ircraft on the ground. 
In twin and multi-engine aircraft , except fighters, 
the voltage regulators should be accessible in flight. 
Regulators shall be adequate ly ventilated. 

REVERSE CURRENT CUT-OUTS 

(1) The reverse current cut~out(s) shal l be acces sible for 
unhampered inspection and maintenance while the engines 
are running with the aircraft on the g.round. In twin 
and mul ti-0 engine aircraf t, except fighters, the reverse 
current cut-out(s) should be accessible in flight and 
shall be located close to the vol tage r egulators serv­
ing t he same generator. 

(2 ) The reverse current cut-out(s) shall be remotely 
cont rol led by controls installed on the flight engineer's 
electrical switch panel, if instal l ed, or on the pilot's 
switch panel. 

SWITCHES 

(1) 

(2) 

( 3 ) 

Toggle switches used in flight shall be acces sible and 
shal l be located and grouped so as to reduce the hazard 
of improper selection and inadvertent operation. Switch 
guards may be installedp subject to approval of the 
RCAF. 

Space shall be provided on each switch panel containing 
four or more switche s for the ins tallation of at least 
two add i tional swi t ches . 

Limit swit ches shall be installed and protected so that 
foreign matter will not interfere with their operation. 
Where limit switches are used l n landing gear control 
and warning systems , hermet i cal l y sealed limit switches 
and switch actuators shall be used, if available. 
Toggle switches and push button switches shall not be 
used as limit switches. 

)SECRE ~ 
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SWITCHES (cont 'd ) 

(4 ) Igni tion switches shall be i nstal l ed so that t hey are 
readily accessible and not liable to be i nadve r tently 
operated . In metallic aircraft the igni ti on switche s 
shall be grounded through the mount ing , and in non­
metal l i c aircraft the ignition switches shall be 
grounded by a wi r e , or wires , to t he engine mount ( s) . 

RELAYS 

Hermeti cal ly sealed relays should be used if available. 
Other r elays shal l be mounted so that contacts can be 
inspe c ted wi t hout havi ng to remove them or other equipment. 
Re lays having exposed contacts shall not be l oca ted i n 
compartments where fuel or combustible vapor is likely to 
be present , or where the armature might inadvertently be 
disturbed . 

RESISTORS 

Resistors shall be instal l ed s o that the heat dissipated 
will not harm or interfere wi t h the operation of other 
equipment . 

INTERIOR LIGHTING 

FLOOD LIGHTING 

Red f l ood lighting shall be installed in all aircrew 
compartments of al l aircraft . In certain aircraft white 
flood lighting may also be required in the lower part of 
the pilot's compartment for use by day at high alti t ude s. 

ANCILLARY LIGHTING 

Ancil lary amber lighting shall be installed in the pi l ot' s ( s ' ) 
and naviga.tor' s compartments f or map reading. Desks and 
tables a t al l a ircrew stations shall be light ed by one or 
more flex i bly mounted light. The nwnber of anci l l ary l i ghts 
shal l be kept to the mi nimum necessary f or adequa te 
illumination. 

INSTALLATION 

The intensity of al l lights in aircrew compartments shal l 
be controlled by conveniently located rheostat switches. 
Interior lights shall be arranged so as to avoi d d i r e c t 
and ref lec t ed glare . 
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70 033 

70 .34 

70.41 

70.42 

10.43 

INSTRUMENT LIGHTING 

Instruments shall be illuminat ed by shielded red light . The 
intensi ty of illumination shal l be controlled by conveniently 
located rhe os tat switches. 

CONSOLE LIGHTING 

Consoles shall be illuminated by plastic plate type red 
lighting. 

EXTERIOR LIGHTING 

EXTERIOR LIGHT ASSEMBLIES 

( 1 ) Aeroplanes shall be provided with the following exterior 
light assembl ies~ 

(a) navigation lights; 

(b) f uselage lights; 

(c ) taxi light s (when spe cified); 

(d) landing l ights ; and 

(e) other exterior lights required by the RCAF 
Aircraft Specification. 

(2) The instal l a tion of additional exterior light assemblies 
for any specifi c purpose shall be subjec t to appr oval by 
the RCAF. 

GLARE 

Exterior lights shal l be i nstal led or shielded as to prevent 
dire c t or reflected glare. 

CONTROLS 

( 1 ) Al l exterior l ight controls sha ll be operable by the 
pilot. 

(2) Separ ate controls shal l be provided for each exterior 
light assembly, except the navigation and fuselage 
light assemblies. 

( 3 ) Cont r ol s for navigation and fuselage lights shall 
provide f or selection of either s t eady or flashing 
operation. The control shall be a single swi t ch 
having three positions, v1z~ "Flash" - "Off" - "Steady". 
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70.44 NAVIGATION LIGHTS 

( 1) Colour. Navigat ion l ights shall consist of: 

(a) red and green wing tip lights; and 

( b ) red and white tail lights. 

(2) Installat ion. Navigati on lights shall be installed 
as follows : 

(a) one red light on the port wing tip; 

( b) one green light on the starboard wing tip; and 

(c) one red and one white light at the extreme tail. 
Where practicable, the tail lights shall be 
installed in a verti cal plane, the red light 
above the white light . If this is not pr actic­
able , they shall be i nstal led in a hor izontal 
plane , the red light to port of t he white light. 
The distance between the center of the tail 
lights shall not exceed 6 inches, 

( 3 ) Intensity. The intensity of navigation lights shall 
be a s fo l l owsg 

(a) wi ng tip lights shall be 24 candle power; and 

( b) tail lights shall each be 21 candle power. 

( 4 ) Visibili ty. Each wing tip navigation light shall be 
visi ble from al l pos itions within an angle of 90 degrees 
above and bel ow the horizontal, and from directly for­
ward through an angle of 110 degree s measured horizon­
tal ly outward froCT a line parallel to t he longitudinal 
axis of the aeroplane, Where practicable, provisions 
should be made for visual-ly checking operation of the 
wing tip lights. Tail lights shall be visible from 
all positions within an angle of 90 degrees above and 
below the horizontal , from directly astern through an 
angle of 90 degrees to port and starboard, 

(5) Operation. The navigation and f use lage lights shall 
normal ly operate on a flashing sequence , in t wo circuits, 
alternately ope r ating: 

(a ) wing tip lights and white tail light on one 
circuit; and 

(b) f uselage lights and red tail light on the other 
circuit. 
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70 . 44 

70 . 46 

70, 47 

NAVIGATION LIGHTS (cont'd) 

(5) (cont 'd) 

One circuit shall be ON while the ot her is OFF, 
Each circuit shal l flash a t a r ate of approximately 
40 cycles per minute, Provision shall also be made 
f or continuous operation of both ci r cuits together 
when sele c t ed by the pilot, 

TAXI LIGHTS 

( 1 ) Col our, Taxi lights shall be white, with clear cover 
glass . 

(2) Installation. Taxi light s shall be installed if 
requi r ed by the RCAF Aircraf t Specification , Taxi 
lights may be mounted on t he fixed portion of the 
landing gear or on t he wing . On aeroplanes equipped 
with nosewheels, the taxi light (s) shall, if practic­
able, be i nstal led on t he nose wheel assembly, so that 
the light will t urn with t he wheels. The width of the 
t axi light beam shall be approximately 30 degrees and 
the depth of the beam shall be approximately 5 degrees. 

(3) Power . Taxi lights shall be 150 watts, 

(4) Vis ibility. The taxi light (s) shall be installed so 
as t o afford t he pilot the maximum vis ibility for 
manoeuve ring on the ground . Unless otherwise apeci­
fied, t he taxi lights shall be i nst a l led so that , 
with the aeroplane on leve l ground 1n normal taxi ing 
position, t he center of the beam strikes the ground 
at a point 250 feet ahead of the pilot's windscreen. 
This point shall be the point neares t the l ongitudinal 
axis of the aeroplane that is v1sible to the pilot at 
that distan,:i e . 

LANDI NG LIGHTS 

(1) Colour, Landing lights shall be white , with clear 
cover glass. 

(2) Ins tallation. Whe re practi cable, l anding lights shall 
be installed on the wing , 

( 3 ) Power, If one light only is provided it shall be 
600 watts. If two lights are provi ded they shall 
each be 250 watts, 

(4) Visibili ty . The landing light {s) shall be installed 
so as t o afford t he pilot the maximum visibility for 
l anding, ~ ... ~ 

1._u R ~ ~ORM 17411 .. • sEC _ fl !'"ORM 1749 A 
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70.51 

70 . 53 

70 . 61 

70. 62 

ACCESSORIES 

TRANSFORMERS 

Wherever practicable , transformers shall not be installed 
in locations having high ambi ent temperatures. Sufficient 
space shall be provided around transformers to permit free 
c i r culation of air for cooling. Transformers shall not be 
installed below line s containing inflammable fluids . 

MOTORS 

(1) Where ve r practicable , motors shall not be installed in 
locations having high ambient temperatures. Sufficient 
space shall be provided around motor s for inspection 
and servicing, and t o permi t free ci rcula ti on of cool­
ing a i r. Motors shal l be ins talled and provided to 
prevent t he entrance of wate r or other foreign matter 
and so that a minimum hazard exists due t o leakage of 
combustible vapours or f luids. Motors should not be 
installed below lines containing inflammable fluids. 

(2 ) A good electrical contact bet~een the motor frame and 
the aircraft structure , through the motor mounting, 
shal l be ensured f or internal ly grounded motors. If 
the motors frame is not mounted on a structure that 
wi ll pr ovide a good groundp suitable bonding jumpers 
shal l be installed. 

( 3 ) Care shall be exercised to mount the motor in line with 
the dri ven equipment. The mounting shall be sufficient­
ly rigid to prevent relative motion between the motor 
and the driven equipment. 

INSTALLATIONS 

MOUNTING 

All ele ctrical equipment shal l be mounted so as not to be 
inadvertently actuated by inertia forces or other causes. 

CLEARANCE 

Clear ance shal l be provided in accordance with the installa­
tion clear ance drawing for the equipment . If an installation 
clearance drawing is not available , the space provided shall 
be not less than the dimensions shown on the maximum envelope 
drawing for the equipment together with adequate additional 
clearance to al low for maintenance and proper ventilation. 
Adequate spacing shall be provided fo r shock mounted units. 

' 
SECRET 
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70 . 64 

70. 65 

70 . 66 

70 . 67 

70.68 

10. 69 

MAINTENANCE 

Adequate provis ion shal l be made for ease of maintenance, 
including ins tal l ati on, r emoval, and adjustment and inspec- . 
ti on i n place . 

PROTECTION 

Prot ec t i on shall be provided against moisture , water leakage, 
condensati on , excess ive heat , combus tible vapours and fluids, 
and phys i ca l damage . 

COMPASS DEVI ATI ONS 

Electr i cal wiring and equi pment shal l be installed so as not 
t o cau se exce ss i ve compass de viati ons . 

VIBRATION 

Electri cal equi pment shal l be i nstal led so that it will not 
be subject t o vitrations exceedi ng the limi t s s pecified in 
the appl i cabl e equipme nt spe c i fi cat ion. 

MOUNTING SCREWS 

Machine s cr ews or bolts shal l be used f or mounting electrical 
equipment . Sel f -tapping s crews shall not be used for mounting 
electrical equipment or for maki ng electri cal conne c tions . 

DAMAGE 

Ele ctrical sha l l be ins talled s o a s not to cause damage to 
or be damaged by other e quipment , wi r i ng» or plumbing. 

SAFETYING 

Electri cal equi pment shal l be properly secured by means of 
safety wir e, cotter pins ( s plit pins), locknuts , or other 
approved means. 

70. 691 VENTILATI ON 

Adequate ventilation shal l be provided, Electrical 
equipment shal l be instal led in such a manner that 
t he opera t i ng tempera tur e r ange of the equipment 
wi l l not be exceeded under normal operating con­
ditions. 

70 , 692 FIRE PREVENTI ON 

Parti cular care shal l be exercised to insure that 
electrica l equ ipment is not instal l ed in such a 
manne r as to consti t ute a fire hazard. 
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70 . 693 GROUND RETURN 

Equipment that incorporates a ground t erminal shal l 
be grounded by the shorte st pract i cable lead to the 
ne ar est suitable me t al lic ground. Equipment t hat 
doe s not incorporate a ground terminal and t hat i s 
internally grounded shall be grounded by t he shorte s t 
pr acticable lead if adequate contac t to metal lic 
ground canno t be made or maintained withou t corrosion 
occurring at the mounts of the equipment . 

70 . 694 Static Ground 

Provision shal l be made for the di scharge of 
accumulated charge s of static elect r i city by auto­
mati cally br inging the aircraft to ground potential 
on landing . 

70 . 695 FUEL NOZZLE GROUNDI NG RECEPTACLES 

Fuel nozzle grounding receptacles shal l be ins t al l ed 
ad,jacent to al l fuel tank inlets. 
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6 a BODY 

6a l04 GENERAL ILLUMINATION 

All crew compartment s and crew passageways shall be. 
general l y illuminated on wall s , ceilings , and floora 
Elec trical i nsta l l a t i ons shall be in a cc ordance with 
par agr aph lO al a Elec trical Systems i Reference para­
gr aph 23. 16, Warning Sign. 

6.17 LIGHTNING PROTECTI ON 

6 . 170 GENERAL 
l 

Lightning pro t e ction i s required on aircraft so that 
a lightni ng discharge current may be carried between 
any two points on the a ircraft without risk of damag­
ing f l ight controls , des t royin~ part of the airc r aft 
str ucture, s uch as pl as tic antenna housing, canopies, 
or e lectricall y i s ola ted conduc tor s , and wi thout 
i njuring personn l a 

All me tal a ircr aft are inherently well protected from 
l i ghtning damage, and r arely, if ever, suffer disab­
l i ng damage from l ightni ng strbkes . Bonding of 
control s urfaces, f l apa 9 e t c . , in accordance with 
Spec i fica tion MI L=B=5087 will provide adequate pro­
t ec tion f or t he a i r frame . 

6.171 STROKE GUIDANCE DEVICES 

All external elec t rica l l y isola ted conducting objects , 
except ante nnas , which protrude above the aircraft 
surf a ce, must have a bonding jumpercr. suitable str oke 
guidance device t o the aircraf t skin or structure to 
prevent seri ous struc tura l damage· to the aircraft in 
the event of a lightning s t rike . 

6.512 SIGNAL LIGHTS AND ALARM BELLS 

Signal l i ghts and an ala r m bell shall be installed in 
a ccordance with Specifica t ion MIL- L-6503. 

6A.Ol AIRCREW CONTROLS - GENERAL 

flt l"'OAM 1749 A 

6A- Ol l DIRECTION OF MOTION 

Al l controls sha l l be s o de s i gned that the a ctuation 
thereof forward , upwar d or c lockwise shall result in 
increased per ormance of the component or the aircraft. 
Al l contro l s shall be s o des i gned that the a ctuation 
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6A- Oll DIRECTI ON OF MOTION (Ccnt 0d) 

thereof aft ~ downwar d or count erc lockwise shall decrease 
t he performance of the component or t he aircr aft . 

On overhead switch panels9 where t he panel is di vided 
int o t wo or more flat sect1ons 9 having diffe rent angles 
with r espect to the horizon al, t he average angle of 
t he combi ned panels shall determi ne the dire c t ion of 
motion for all switches as f ollowsi 

(a) If this avex•age angle is gr eater t han 45 degrees 
with r e spect to the horizont a l » a l l switche s s hall 
ac tua t e upward for i crea sed per formance . 

(b ) If the average angle is less t han 45 degree s f rom 
the horizontal» all switches sha l l actua t e f or ward 
for increased perfo:'Illance . 

All controls of a Ya!'iab1e na t ur e i nduced by a 
rotary motion shall move clockwi se from the "OFF" 
Posi t ion» +- hrough the "LOW 19 or 1111DI M°' t o 111HI GH 111 

or "BRIGHT". This direc tion o control mot ion 
shall be established wi th r f erence t o the oper a­
t or 9 not the aircraft . 

6A. 13 EMERGENCY CONTROLS 

pr'QRM 1749 A 

6A. 131 FIRE EXTINGUISHING CONTROLS AND WARNING INDICATORS 

(a) Location and Actuation - The fire f ight ing 
cont r ols shall be loca ted on a n emergency panel 
accessible to he pilot 0 s thrott l e hand. 

The con rols shall consist of a sing l e f ire 
emer gency control for each engine for cri tical 
area , and one agent dis char ge switcho The 
control may be either electri ca l or a combi nation 
of electrica l and mechani cal and shall include a 
handle incorporating the fire war ning l ight . The 
control mo t ion~ which sha ll be pulled for "ON" 
shall perform all necessary fire ex tinguishing 
oper ations excep t t he dischar ge of the agent . 
Ac t uation of the agent dischar ge switch s hall 
r elease ag nt t o the area selec t ed by t he fire 
emergency cont rol. 

SECRET 
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6A.131 FIRE EXTINGUISHING CONTROLS AND WARNING INDICATORS (Cont 'd) 

{b) contro l Knob Shape and Fire and Overheat Warning 
Lights The fire extinguishing controls shall 
be 111 T11 shaped and shall be f abri c ated of clear 
t r.anslucent plastic and sha ll incorpora te a red 
warning light . If ovel'hea t warning lights a r e to 
be install~d~ they shall be i ncorporated int o the 
fire warning light by the use of a n interrupted 
c i r c uit . The 1nd1eat1on for an ove r heat condition 
will be an interrupted signal from the f ire warn­
ing light . The indica. ion for fire sha ll be a 
s teady sign.a.lo The light colour shall be r e d and 
one light shall b~ used f or e a ch power p l ant or 
critical a rea. When no fire ext inguishing 
con r ols a.re inccrporat d, as in single e ngine air­
craft, the fire warning light s hall be l ocated in 
the upper right hand portion of the instrument 
paneL A:lr.;::raf't which ha ve the controls at the 
fli ght e ng1 neer 0 s poBition sha ll have a master fire 
warning -Light on the p11ot 0 s pa nel. 

6A .16 ELECTRICAL CONTROLS 

6A. 161 LIGHT AND MISCELLANEOUS SWITCHES 

(a) Light Switches ~ (Gen r a 1 Requirements) In single 
or tandem pilot a. .... rcra t, a ll l ight switches excep t 
l andi ng light s w1t hea shall be loc a ted on the 
right sid of he cockp1 t in a light panel. The 
group.1.ng of the swltch.es and. rheosta t within the 

.- IE'ORM 1749 A 

pane l shall be as f Lmc tional a s possible . In s i de 
by side p:i l•:>t a 1r0raf t 3 the lighting panel s ha l l be 
en the overhead flW!t{;h pana l in number 4 posi t ion 
on Flgur~. 6A=2 . 

The a c tuating mo t ion of the light swi t che s shall 
comp l y with the requirements set for th i n pa r a = 
graph 6A. lls D1X'(;':-.-: t.;1Qn of Motion . 

(b) Landing Light Switches - The landing light switch (s) 
shall be ad j a c?n t o h power contro l or l anding 
ge a r control lever . The a c tuation of l anding l ight 
sw1 t ch.e s sha.Ll be up or. forward for 11 0N111 and down 
or aft for "OFFill . 

( c) Mi.s cella neoi,13 Switches - All s witches other than 
llght and 19.nding light s witches shall be of the 
"c n re-off fj position type f or easy determJnation of 
swi eh pasitJon . . / 
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6A.162 ELECTRICAL POWER CONTROLS 

This pane l will include t he battery3 generator3 primer(s), 
starter(s) 3 inverter(s) and oi l dilution controls. 

In singl e or t andem pilot i ns t allation the subject 
switches shall be group d toge t her on the r i ght side 
f orwar d. In side by side pilot aircraft the subject 
switches shall be grouped on the overhead panel3 the 
number 3 pos ition in Fi gure 6A- 2 . 

6A. 163 CIRCUIT BREAKERS 

In singl e or tandem pilot aircraf t, the c i r cuit breakers 
shall be located forward on the i nboar d f a ce of the 
right console . In side by side pilot aircraft 3 the 
ci rc uit breakers shall be on the overhead panel, the 
number 5 posi t ion in Figure 6A- 2. The circuit breakers 
will be grouped functionally wi th t he most critica l 
c i rcuit breakers in the most accessible posit ion. In 
air cr af t where available cockpit s pace for circui t 
breakers i s limited $ only those circuit breakers essen­
t i al t o safety of f l ight will be located i n a positi on 
a cces s i ble and readable t o the pilot. Cir cui t breakers 
not essenti a l t o the safety of flight may be p l aced in 
t he cockpit in such posi tions as not to occ upy s pace 
considered more essential f or operating controls. 

6A. 17 INSTRUMENT ARRANGEMENT AND LIGHTING 

6A. 171 LI GHTING 

fl'ORM 1748 A 

Except f or instrument lighting the cockpit light i ng for 
a ll ai rcraft shall be in accordance with Specification 
MIL-L-6503. Instrument lighting sha ll be designed and 
installed in accordance with Specific ation MIL-L-5667. 
All switch , r adi o, and auxi l iary control pane l s shall 
be lighted by plastic plate edge l ighted pane l s as 
specified in Specification MIL-.P- 7788. 

The cockpi t lighting controls which shall be l ocated 
as specified i n par agraph 6A . 161» Light and Mis ­
cellaneous Swi t ches 0 shall consist of the f ol lowing g 

(a) A single rheostat for control of the l ight 
i ntensi ty wi t hin each baslc flight instr ument panel. 

{b) A single rheostat f or control of the light 
intensity within the engine - instr ument and 
auxiliary control panels (radio3 switch panels 
etc . ) .. 

SECRET 
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6A.171 LIGHTING (Cont 9 d) 

• fl'OAM 17-49 A 

( c ) A s ingle rheostat f or control of a ll type A-11 red 
flood lights at each station. 

(d) A single dimming control and a selector switch for 
red and white cockpit utility lighting if 
applicable . 

6A.172 WARNING LIGHTS 8 CAUTION INDICATORS AND ON - OFF INDICATORS 

(a) Warning Lights -· warning l ights are defined as 
those lights which serve as an attention- getting 
device to alert the operator to some existing 
dangerous condition r equiri ng i mmediate action. 
They will be red in colour . Normall y the only 
lights falling into this category will be the 
oxygen and emer gency fire warning lights. Warn­
ing lights s houl d not be used for denoting minor 

(b) 

or rout i ne deviations from normal operat ions, nor 
sho11ld they b~ used for i ndicati ng malfunc tions 
which require attention but not necessarily 
immediate action. War ning lights should indicate 
immediate l y the nature of the hazardous condition, 
to faci li tate neceseary action . An identification 
label or placar d shall appear i mmediately adjacent 
to the war ning light except when word warning 
panels are provided. In either case t he identifica­
tion shall be pl ainl y legibl e under day or night 
conditions . The fire warning lights shall be 
loca ted on an emer gency panel acces s ible to the 
pilot 9 s throt tle hand. The oxygen warning lights 
will be located in the uppe r right hand portion 
of t he i'nstrument panel in single and t andem 
pilot aircraf t. 

Cauti on Indicators - Caution indicators are defined 
as those i ndicators which serve to alert the 
operator to an 1.mpendi ng danger ous condition 
requiring attention» but not necessarily immediate 
action. Caution indicat ors shoul d not be used to 
denote minor or routine deviati ons from normal 
operating conditions . The caution indicator system 
shall consist of a master i ndicator light and an 
indicator pane l . The master light shall be red in 
colour and shal l be l abeled or placarded 11 Master 
Cauti on", the legend t o be clearl y legible under 
day or night conditions. It shall be located high 

$ECRET -·~ .. -- ,.. -
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6A.172 WARNING LIGHTS » CAUTION INDICATORS AND ON - OFF INDICATORS 
(Cont'd) 

(b) (Contud) 

on the right hand side of the instrwnent panel in 
single or tandem pilot aircraft , and high in the 
centre of the instrument panel in side-by-side 
pilot aircraft. 

The caution indicator panel will consist of 
appropriate words or abbreviations, t o signify the 
conditions of caution , provided on a plastic panel 
in ac cordance with MIL- P=7788. Each condition 
specified on the panel will be provided with a 
suitable lighting fixture to identify the legend in 
red at night. The same or an auxiliary fixture(s) 
in the centre of and/or adjacent to the legend shall 
provide a suitable visual indication , red in colour, 
in daylight. An example of a suitable daylight 
indication is a direc t view of the lamp filament 
through a clear identification red filter. The 
caution panel shall be located on the right side 
forward in singl e and tandem pilot aircraft, and 
on the centre console immediately af t of the power 
quadrant in side-by-side pilot aircraft. The 
actuation of the caution system shall be a s 
followsi 

(1) When a malfunction occurs, the master light 
and the appropriate light(s) on the caution 
panel will be ac tivated. 

(2) The master light will be manually reset to 
indicate another malfunction by the actuation 
of a switch located on or adjacent to the 
caution indicating panel. 

(3) The appropriate light(s) on the caution panel 
will continue to indicate a caution condi­
tion until the malfunc tion is corrected. 

(4) A test circuit shall be incorporated for 
testing the lamp filaments. 

(c) On- Off Indicators ~ On- off indicators are defined 
as those indicators in which the "ON" position 
denote s a satisfactory or normal operating condi­
tion. In general, the absence of an indication 

-- .. .:, 
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6A.172 WARNING LIGHTS » CAUTI ON INDICATORS AND ON - OFF INDICATORS 
(Cont 9 d) 

( c } (Cont 9 d ) 

serve s the s ame purpose , and thi s pri ncipl e should 
be adher ed t o if a t all pr ac ticable. In s uch cases 
where it i s necessary t o denot e a nor mal or satis­
f actory condi t ion by an i ndication , a me chanical 
or e lec t r o me chanica l i ndicator should be used. 
Thi s t ype of i ndi cator shoul d be l ocated as ne ar t o 
t he di splay or control to whi ch it is r e l ated a s i s 
possible . 

(d) Gener a l - The number of warning light s , ca ution, 
and on- off i nd cat ors sha ll be kept t o an abso lute 
mini mum. In no case s ha l l warning or indica t or 
H ghts be l oca t ed di r ec t l y wi thi n or above t he basic 
fl ight instrument group. A di mming ci rc ui t sha ll be 
pr ovided f or all war ning l i ght s and cauti on lights . 
This dimming c i r cui t w11:l\. pr ovide for manual selec­
t i on of e i t her a br i ght or a dim l evel of light 
intens i ty wherever t he fl1.ght instrument l ight 
circ ui t is energi zed $ the di mmi ng cir cui t shall be 
~re set t o b~i ght~ a utoma t i ca l l y wher ever the f ligh t 
i nstrument light cir cui t is de - energized. The 
me thod of di mmi ng shal l be s ub ject to the approval 
of Wright Ai r Deve lopment Centre . 

7. 6 LANDING GEAR RETRACTI NG MECHANISMS 

7.61 DESIGN REQUIREMENTS 

• f'ORM 1749 A 

7 .611- K SAFETY SWI TCHES 

Leakproof a sea led uni t s using Ai.r Force approved 
l ow t r avel swi t che s (Speci f icati on MIL-S-6743) 
sha l l be ins t alled on all mai n l anding gear in 
s uch a manner that the i ni t i a l compr ession motion 
of the shock absor ber a c t uates the swi t ch . The 
purpose of these swit che s l s t o pr event r e t r a ction 
of the l anding gear whi l e the ai r plane 1s on t he 
ground . They shall be wir ed 1n seri e s wi t h ea ch 
other and shal l be capable of bei ng ad j usted to 
operat e a t 1/ 2 inch plus 1/ 4 i nch minus O inch 
from the shock s t r ut ful l y extended position . 
These shal l s erve to operate a continuous duty­
t ype s ol enoi d f or unl ocking the landing gear 
control lever . 
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7.630-B SEQUENCE VALVES 

If the sequence valves are operated electrically, 
the control switches shall be ruggedly constructed 
and be of a type which will not freeze because of 
condensed moisture or water. They shall be mounted 
on rigid supports and not subjected to malfunction­
ing caused by normal structure deflections or 
jamming caused by foreign matter. It shall be 
possible to extend the gear by the emergency means 
in the event of fai l ure of the electrical circuit. 

9.41 LANDING GEAR CONTROLS 

9.410 

9.522 

MOVEMENT 

The landing gear control lever shall be installed 
with a s olenoid released locking device which 
funct ions t o pr eclude motion of the control lever 
from "down" t o the 11 up" position when on the 
ground. The solenoid will be operated by the clos­
ing of safety switches, Ref. para. 7.611-K, Safety 
Switches . • 

For hydraulic or pneumatic retracting systems where 
the l anding gear lever operates selector valves 
electricall y by means of a conventional control 
circuit, a separate "contact " (multiple-pole switch) 
will be clos ed for each selector valve energized. 
For electrica l r e tracting systems where the landing 
gear control lever operates electric motors by 
means of a conventional control circuit a separate 
"contact" (Multiple- pole swi tch) will be closed for 
each e l ectric motor energized. 

The solenoid shall be of the 11 continuous duty 11 type. 

IGNITION CONTROL SYSTEMS 

In turbojet and turboprop aircraft, the master 
switch shall be located adjacent to its respective 
power control . 

Since the ignition system is designed for inter­
mittent duty, it must be l imi ted to a maximum of 
3 minutes operation each attempted start. On single 
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9.522 IGNITION CONTROL SYSTEMS (Cont 1 d) 

or twin engine aircraft this shall be accomplished 
by using an approved time delay switch or by some 
automatic means such as a tie- in with other systems. 
On aircraft with more than- two engines a momentary 
on-switch is a cceptable if it can be operated 
conveniently by fl ight personnel. 

It shall be possible to cr ank the engine without 
energi zing the igniti on system until a safe crank­
i ng speed is obtained. A safe cranking speed is 
defined as that speed at which no damaging flash­
back may occur . 

Single and twin engi ne a ircraf t shall utilize 
ignition systems with dua l circuitry, each circuit 
being separ ately fused. The dual circuitry shall 
ext end back t o the power source . This arr angement 
is not mandatory on air cr af t having mor e than two 
engines . · 

10. 1 ELECTRICAL SYSTEM 

The types and char a c t eristics of aircraft electrical systems 
shall conf orm t o Specification MIL-E-7894. In selec ting one 
or more of these systems for an airplane 9 careful considera­
tion shall be given t o s uch fac tor s as reliability of opera­
tion, simplicity , light weight, vulnerability, and ease of 
installation, operation and maintenance . The de signer shall 
s ubmit t o Headquar t ers , Wright Air Development Center, 
sufficient dat a on the chosen sys t em or systems t o permit 
an eval uation re l ati ve to the appl cability to that particu­
lar airpl ane. The general req uirements for the installation 
of electrical equipment in aircraft , as set forth in 
Specification MIL-E- 7080 , MIL=E=7563 and MIL-E-7614 , shall 
be complied with where applicable. Certain important 
r equirements ca lled f or in the above three specifications are 
listed in the following paragr aphs fo r the convenience of 
the designer , together with other requirements. 

All electrical equipment and components subject to high 
acceleration f orces wi ll be mounted so as not to be 
inadvertently ac t uated by the applica tion of acceleration 
forces. 

The power requirements for all Air Force air borne equip­
ment may be found in Air Force Specification Bulletin 
No. 89. 
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4.3.14.2. 1 (Continued) 

A centrifugal switch on the left 
engine i s used t o dete r mine which 
i ce detector i s in use. When the 
left engine is shut down , the switch 
is in the closed position and the 
circuit to the R/ H i ce detector 
is made ; when the left engine is 
started and reaches a speed of 
3020 R.P.M., t he switch is actuated 
a nd the circuit .to the right hand 
i ce dete c t or is broken and the 
circuit to the left hand detector 
made. 

4.3.14.2.2 THE ICE DETECTOR 

The ice detector is a unit containing 
a pressure switch, f our r e lays and three 
resistors and mounting _two electrically 
heated probes which protrude into the 
air stream. One probe is continuously 
heated during flight and provides a 
reference static pressure . The other 
probe has a number of smal l hole s exposed 
t o the a ir stream, on the f orward side)and 
under normal conditions of f light will 
record a positive pr essure i n re spect to 
the r eference pres s ure re corded in t he 
reference pressure probe . When icing 
is encountered ice will form over the 
holes i n the detector probe and reduce 
the pressure be low that of t he reference 
probe . This ccndition is sensed by the 
pressure switch which operate s to s end a 
signal to the de-icing controller and 
supply power t o t he detector probe 
heater. The hea ter r apidly clears the 
probe of i ce and re - establishes a pos.i tive 
pre ssure balance. If icing conditions 
continue, the i cing and de -ic ing cycle of 
the detector probe is repea ted conti nuously, 
the reby transmitting p ulses o the de - icing 
controller at a r a te direc tly proportional 
t o the rate of icing. 

PAGE 35 
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10 . 10 POWER SOURCES 

10.100 GENERATORS 

Gener ators are ident ified by Air Force type 
desi gnations and are lis ted together with their 
power ra tings in the U. S. Air Force Status of 
Equi pment Book . Generators shall be installed in 
a ccor dance wi t h t he applicable requirements of 
Specification MI L-E-7080, MI L-E- 7563 and MIL-E-7614. 

10 . 101 STORAGE BATTERIES 

Batterie s shall conform to applicable specifications 
referenced in United States Air Force Specification 
Bul letin No . 59 . Battery ins tal lations shall conform 
t o the r equirement s of Speci f i cation MIL-E-7080 
and sha ll not be l ocated s o as to be affected by 
exces s i ve heat. 

Bat teries shall be insta lled at a point which will 
not impose ha zardous condi t i ons to maintenance 
personnel, ai r craf t and bat t eries , when servicing, 
testing , and r epl acement oper a t ions are performed. 
The installati on shall be easily accessib le and will 
not require the use of speci a l l y des i gned ground 
handling equi pment for servicing , t e s t i ng , and/or 
battery repl acement . They shal l be s ecur e l y 
anchored in pl ace . I f a nonshielded bat t ery is 
speci fied , a cont ainer made of acid- r esistant 
materi a l shall be provided. Battery acces s doors , 
loca ted on t he outside of the a i rcraft, s hal l be 
p l a i nly mar ked ~BATTERY~ in red le t ters no less 
than 3/ 4 inch high. 

10.102 ACCESSORY POWER PLANTS 

Ac cessory power plan t s shall be selec t ed f r om 
th ose l i sted in the USAF Specifi cation Bulletin 
No. 59 . • 

10.103 EXTERNAL POWER RECEPTACLE 

An externa l power receptac le shall be ins t al l ed 
in the aircraf t in a cc or dance wi th the r equi re ­
ments of Spe ci f i ca tions MIL-E- 7080, MIL-E- 7563 and 
MIL-E- 7614. The i nsta lla t ion shall , in addition , 
conf orm t o the f ollowi ng: 
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10.103 EXTERNAL POWER RECEPTACLE (Cont'd) 

(a) The receptacle shall not be located in the 
propeller blast or adjacent to the jet blast~ 
A spring-loaded hinged access door shall be 
installed over the external power receptacle(s) 
s o t ha t the door will open against the slip 
stream and will close unaided after withdrawal 
of the power c abl e. 

(c) The receptacle( s) shall be located and 
connected to the bus system so that the volt­
age drop between the receptacle(s) and the 
starter terminal wi ll not exceed 2 volts. 

I 

(d) The receptacle(s) sha ll be located to permit 
the maximum pra ctica l spacing between the 
external power plant(s) and any fuel system 
servicing openings or vents, from which fuel 
spill age may occur during refueling , defueling 
and engine starting etc. 

10.11 POWER APPLICATIONS 

10. 110 MOTORS 

Direct current motors shall conform to Specifica­
tion AN- M-40 and a l t ernating current motors shall 
conform t o Specification 32590. Motors shall be 
installed in accordance with Specifications 
MIL-E-7080 , MIL- E- 7563, and MIL-E- 7614. 

10.111 STARTERS 

Starter s shall be as specified in the aircraft 
type or model specification. 

10.112 LIGHTING 

Lighting equipment shall be installed in accord­
ance with Specification MIL-L-6503. 

Landing lights shall not be located in front of 
wing fuel cells, unless no other suitable loca­
tion is avai l able. This will minimize the fire 
hazard during crash landings. 
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10.113 HEATERS 

Design and ins talla tion data pertaining to 
e lec t rical heater units shall be submitted to 
Headquarters , Wri ght Air Development Center, 
for approval. 

10.114 ACTUATORS 

Electro-mechanical actuators shall conform to 
speciflcation MIL=A-8064. 

10 . 12 CIRCUIT ACCESSORIES 

Requirements relat ing to switches , rheostats, voltage 
regulators , relays, circuit breakers, f uses, and other 
circuit accessories, are set forth in Spe cifications 
MIL=E-7080 , MIL-E- 7563 and MIL-E- 7614. Fuses when used, 
shall be quickly accessible, and spare fuses shall be 
provided. 

10 . 13 WIRING 

The wire sizes shall conform to existing Air Force - Navy 
requirements. Wiring shal l be i nstalled in a ccordance 
with Specification MIL=W- 5088. 

Elec t rical connections and wiring sha ll be adequately 
prot ec t ed from damage or short c i rcuit caused by movement 
o; personnel, cargo , or equipment. Extreme care shall 
be taken to insure that a ll bare conductors , connections, 
terminals, or other exposed current carrying parts are 
adequate ly protected against shor t circuits caused by 
loose or foreign objec t s. This protection may be 
provided by means of suitable covering, by installing in 
junction boxes, by locating in such manner that additional 
protection is not required 9 or by other means a cceptable 
to WADC. Install ations having dielectric strength 
equivalent to that described in Specification MIL-C-3162 
will be acceptable . 

Lightly insulated high tension or radio wires shall clear 
all parts normal l y a t ground potential by at least 3/4 
inch. 

10.14 BONDING 

All metallic parts of the aircraft and its equipment and 
accessories sha ll be bon~ed in compliance with Specification 
MIL-B- 5087. 
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10.15 DUPLICATE POWER SOURCES 

Any combination of engines which will maintain the air­
craft in the air shall drive generators of sufficient 
capacity to operate elec trica lly actuated services 
normally necessary to permit continued flight and landing. 

10.16 ELECTRICAL EQUIPMENT 

Electrica l equipment shall comply with the requirements 
of Specifi cation 32466. 

11.2 FIRE ELIMINATION SYSTEMS 

11.20 FIRE EXTINGUISHER SYSTEM 

Fire - extinguishing systems shall be installed on all 
multi engine aircraft and may be specified f or experimental 
single-engine aircraft where the complexi ty of the engine 
insta llations, the i ncl us ion of new and untried features 
or the gener a l importance of the project warrants the 
additional protec tion for the aircraft. 

Fire-extinguishing systems shal l be installed and tested 
in ac cordance with Specification MIL-E- 5352. 

11 .21 FIRE-DETECTION SYSTEM 

Fire- de tection systems shall be insta lled in all 
multi engine a i r craft and in single-engine aircraft that 
have the engine behind the pi lo t or submerged in such a 
way that the pi lot woul d not be readily aware of engine 
fire . The f ire de tection systems shall normally be in 
accordance with Specification MIL-D- 7253 . In instances 
where an overheat - detec tor system is used in lieu of the 
fire - de tection system, it shall be in accordance with 
Specification MIL-D- 8114. 

11.22 OVERHEAT- DETECTOR SYSTEM 

An overheat- detec t or system shall be install ed in all 
turbo- jet, turbo-prop , and rocket- type aircraft in 
a ccordance with Specification MIL-D-8114. The over­
heat - detec tor system shall be installed unless it can 
be demons trated. that pr imary structure cannot be over­
heated by either normal or abnormal engine operation. 

SECRET 
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11.3 ICE- ELIMINATION SYSTEMS 

Al l Air Force Aircraft with the exception of gliders, 
tra iners , liaison and rotary wi ng a.ircraf t will be 
equipped wi t h compl ete anti- i cing systems . 

13.615 Isol ation of Electrica l and Oxygen Equipment 
from Combustibl e Materia l s and Fue l Tanks. 
El ec t r i ca l Equipment and f uel should be isolated 
to prevent ignition f the f ue l by ar ci ng of 
broken e l e c t rical and f ue l lines resulting from 
batt l e damage 9 a ccidental breaking , or normal 
a r cing . 

Oxygen equipment shoul d be i solated from 
hydraulic f l ui.d 3 oi l, and fuel line s and tanks 
t o r educe the chances of severe explosion of 
fire du~ t o batt l e damage . Sparks f or med as the 
meta l is r uptured by the flak or shell fragment, 
and t he hot f r agments themselve s have caused 
fLt:'e s when the damage a llowed combustible f1 uid 
t o e scape . It is highl y desirab le to isol ate 
e l ec t r i ca l and oxygen equipment from combustible 
fluids and r easonable weight pena lties t o 
accomp l ish this ar e Justified. An example of 
isol ating the f uel and electrica l equipment from 
each othev i s an elec tric fuel valve installation 
in which the val ve is f l ange mounted on a bul k­
head wi.th a ll e l ectrica l equipment on one side 
of the bul khead and the fuel valve and .fuel lines 
on the oppos i te side o:t.' the bul khead. Fuel, 011, 
and hydr aul1c 1:1.nes and equipment s hall never- be 
loca ted in a position where l eaking f l ui d will 
come 1n contac t with elec t rical equi pment through 
eit her the effect of gr avi ty3 air•_ flow, or 
battle damage.and hydr aulic lines will be routed 
be l ow elec t rica l equipment and wires wherever 
they cross paths , pursuant to Specification 
MI~·E-7563. 

Most elec t rical equipment 3 s uch a s standard 
switches , relays , and motors (with the exception 
of inverters, e l ec tric motor-driven hydraulic 
pumps, and open relays) , l...re explosion proof. 
Inverters, electric motor driven hydr aulic 
pumps , and open type re l ays or other non-explosion­
proof equipment s hould be located away from any 
vicinity likely t o be contaminated wi t h fuel 
vapor as a resul t of a fuel leak due to poor 
maintenance or battle darri.mage. If this equi pment 
is located in suah an area it shall be isolated 
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from that area by a metal inclosure which renders 
it explos i on proof . Th.1.s inclosure should be 
vented to t he atmosphere in such a manner that 
fuel vapor f r om the i nterior of the aircraft will 
not come in contact wi th the brus hes, commutator, 
open contac ts» etc . , at any time including when the 
elec trica l equipment is not oper ating or when the 
aircraft is at rest on the ground. Cooling air 
from an inver ter or e l ec tric mot or should not be 
exhausted to the inter i or of the aircr aft. If a 
1'uel leak forms an explosive mixture both inside 
t he aircraft and near the commutator, while the 
aircraft i s at rest, and if any sparking occurs 
when t he equipment is firs t star· ted, it is highly 
pr obable t hat an explosion will oc cur which will 
f l ash back into t he aircraf t. As a further pre­
cau tion t o prevent explos ions, a small explosion 
pr oof blower should be i nsta l l ed in these 
inclosures. These blowers should be started before 
the main e l ectrical equipment to remove all •explosive 
vapors from the incl osures . If ram pressure is • 
used t o ventilate the inc losures in flight, the 
blowers could be turned off. 

Expl osion proof equipment is equi pment which 
wi l l not explode a combus tible atmosphere in 
which the equipment is operati ng under al l 
environmental conditions as defined in i ts 
model specification. 

130 618 FIRE DETECTING AND EXTINGUISHING 

The genera l findings of the various fire tests 
s how that a serious na.celle fire can reach maximum 
intensity in 30 seconds for a two- zone cowl and 15 
seconds for a single- zone cowl. To be of any 
va l ue, a fiJ."e dete c t or should be capable of 
detecting a fire in 3 seconds or l ess. 

It i s seen from the above paragraph that a very 
few seconds elapse between t he t i me that the 
fire =warning light indicates ·an engine fire and 
the time that the f i re drill must be completed. 
It is evident that the cockpi t , contr ols , and fire ­
extinguishing equipment mus t be a r ranged so that 
the dri ll can be performed automatically and at 
grea_t speed. 
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13 . 717 MI SCELLANEOUS DESIGN REQUIREMENTS 

(d ) Electr i cal Bondi ng - In all vibration -
isolating and vibration abs orbing mountings, 
adequa te provision shall be made for 
compliance with the elec tri cal bonding 
requirements of Spe cificat i on MIL- B- 5087. 

15 . 200 POWER PLANT ELECTRICAL EQUIPMENT 

Electr i cal equipment used t hroughout the 
power plant and t hr oughout t he a ircraft in 
connection wi t h the power plant shal l be de~igned 
in accordance with Specification 32466 . All 
equipment in the power plant i nstallation or in 
compartments contai ning combustible fiuids or 
combustible vapors s hall be explosion - proof. 

15 . 52 GENERAL DESIGN REQUIREMENTS 

15 . 524 ELECTRICAL WIRI NG 

Al l wiring in the a ircraft constituting part of 
of the cont r ol system s ha l l conform t o Specifi ­
cation MIL-W-5088 . When r equired, control 
equipment shal l be posi tively grounded with an 
externa l me tal strap in accordance with 
Specification MIL- B-5087 . 

16 . 623 ICE PROTECTION 

The entr ance to the air induction system shall 
be protected against ice formation and build- up. 
This is considered necessary because of the 
severe power l osse s assoc i a ted with relat ively 
smal l dis turbances to engine air flow. 

I n addi ti on, all airf rame parts in t he air 
induction system, such as engine accessory covers 
or air duct valves, sub jec t to collecti on of 
i ce shal l be protected. The mete or ologi cal 
design conditions shal l conform to Specification 
MIL-E-5007. 

When an i ce a cc r e t i on mete r is not f ur nished 
with the engine, an i ce detec t ing devi ce shall 
be instal l ed i n t he air i nlet duct and connected 
to a sui table i ndicator light. Cycl ic operation 
of the indicator l i ght wi ll f urnish t he pilot 
wi th an indi cation of the rate of i ce formation. 
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19.4 MISCELLANEOUS INSTRUMENTS 

19.411 CAPACITANCE 

This type fue l quantity gage consists of one or 
more t ank units (~l,alctro s tatic capaci t ors) all 
capacitance meas uring circuit a.nd equipment 
incident thereto, and an indicator . The tank 
units are located i n the fuel tank so t hat , as 
fue l replaces air as their die lec tric , t heir 
total capacitan~e will vary a ccording to the 
quantity of fuel i n the tank . The t ank uni ts 
are char ac terized such tha t a ll linear relation­
ship ex.ists between t he elec trical capacitance of 
'the tank units and the volu..rne of f ue l sensed. 
'the tank unit capa.citance is meas ured by t he 
ci rcuit and is register.a · by t he i ndicator . 
The indicator is ca librated in pounds since a 
correlation e:J::i s ts between th,e d.1electric constant 
and density of aircraft .f!.!els . The electrica l 
and phyBica propert:tes of .fuels conforming to 
Specifica ti n f-1:HrF-5624 which are normally used 
in jet engine a1rc.;raft 9 W:i.'l:'IJ s uch that 
excess1 v,~ errors ar,e introduced n the gage . 
There for,~ 3 th~ gage when used in je t aircraf t 
m1.rnt be comp,;msated t o minimize the errors thus 
introduced . For :jet a i:!':'craft appl i ca tions t he 
gage shall :inco:irporate d.1e lectr1c cons tant 
compensa tion and Eiha ll conform to Specifi ca tion 
MIL=G-7818 . 

19. 412 Installat.ion and· Calibration - The install ation 
and ca l ibration of an;ir fuel quantity gage sha ll 
be engin~ered BG that the inherent acc: uracy of 
the gag,?J syst,em sha ll be utilized t o the bes t 
possible a.a.vant age. The instal l ation and 
ca l:t br•a tion of fu<e l-quantity gages shall be i n 
a cco:t•dance wlth Spe0:Lf1ca t i on MIIrG-7940 . 
The fuel quantity gages shall be ca librated 
in pound units . 

21.365 TRANSIENT VOLTAGES 

Circ uits f or all el-actr1(!;.;a1ly primed ordnanre 
such a s r ocke tss elect;ricall y primed ammun1 tion , 
seat ejection char gee. explos i ve volts , etc . , shall 
be adequate l y protect<ed a s required t o prevent 
inadvertent i gnltion ot t he primers by t r ansient 

- induced EMF. Protection may i nc l ude the use of 
shielded wire (or coaxia l cab le ), f iring leads 
prope:el y routed o a ch.ieve separ a tion from ot her 
cabl ing ano/or grounded through a safety relay 
l oca ted a s glpse t o the n,:Y' . .<.YHJJ:la~ i tern aR PPMibJe 
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UNIT MANUFACTURER MFG. DWG. AVROCAN SPEC. OR CAN. STD. 

OR PART NO. SPEC. SPEC. DWG. DWG. 

Relay 50 AMP SPDT Class A Can. Diaphlex 650 - 4063 - MIL- R- 6106A CS- R- 128 
External Supply Receip t & Alber t & J .M. 

Cover Anderson Mfg. - E- 345 - CS - R- 127 
( Powerli te) 

Relay - Time Delay Rogers - Majes t ic M6412 E-2 85 - CS- R-126 
Switch 3 Pos. Slide M-H x11618 - . MIL- S-6743 CS- S- 153 

MIL- S-6744 
Pl ug - Ex terna l Power Lanyard Albe r t & J.M. R67 with Springs E-345 - CS-P- 123 Release Anderson Mfg. 
Swi tch {Mom Contact) Je t tison Hetherington - - MIL- S-6743 cs-s- 156 { Leonard Elect) 

Indica tor Light (Miniature) Dialite - E-318 - cs-I-107 

Connector , Panel - Dua l Cannon - E- 394 cs- c-145 
cs-c- 146 

Connector , Pane l Cannon - E-394 cs- c - 143 
cs-c-144 

Panel - Landing Gear Contro l M.J . Johnson - E- 279 7- 1152-8 

Indicator - Warning - Dual Korry 204 BPRL MIL- I - 3661 cs-1- 109 204 BPAL -
Alternator 208/12ov A.C. 

400 cycle Lucas Ro t ax 60601 E- 202 7- 1125- 11 

Control Unit & Transformer Lucas Rotax 60349 E- 202 7- 1156•- 12 Rectifier 
Relay - Dif f erential Current Lucas Ro tax - E- 360 CS- R- 123 Protection 

Light - Indicator Case He theri ngton 12000G E- 268 CS-L-132 Grounded (Leonard Elect ) 
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A REVIEW OF THE ENGINEERING DECISIONS ON 
BATTERY SELECTION FOR THE CF-105 AIRCRAFT 
AND THE EFFECT OF A POSSIBLE MODIFICATION 

1. INTRODUCTION 

A nickel cadmium battery was selected for the CF- 105 aircraft . 
This selection was largely based on the reduction of weight 
and the ease of maintenance that a nickel cadmium battery would 
provide over the more commonly used lead acid battery . Recently, 
the selec tion of this type of battery has been queried by the 
RCAF in l e tters Ref . No. S- 1038- 105-8 (ACE-1) and 1038- CF105- 80 
(AMTS/ DIE ENG). The objections raised to the present installa­
tion appear to beg 

(a) that the battery has been incompletely evaluated and 
qualified by the U.S. Navy, and 

(b ) that the batteries of this type are prone to self 
destr uction at aircraft operating temperatures. 

It was also pointed out that a quick disconnect type of battery 
connector was desired. Accordingly, this review of the present 

._. situation is presented so that the full details of the present 
installation may be known, and further, that the details of those 
changes that would be necessary should a decision be . made to 

FORM 1749 A 

adopt a lead acid alternative battery. 

2. THE QUALIFICATION AND RELIABILITY OF NICKEL CADMIUM BATTERIES 

2. 1 QUALIFICATION STATUS 

A nickel cadmium battery of this type has been electrically 
q~lif1ed as indicated in a letter dated 7th, December 1955 
Ref. AER- E.Ir-501/ 67, Department of the Navy Bureau of Aero­
nautics, Washington 25, D.C. A copy of this letter has 
oeen sent to Mr . D.M. Fraser, 1070 Birchmount Rd., Toronto 
16, Ontario, and its contents state that the battery meets 
the electrical qualification test requirements of MIL- B-8565. 
However, full qualification is contingent upon the comple­
tion of the s pecified life test and the elimination of two 
difficulties which areg 

(a) a mounting structure failure, and 

(b} a connector malfunction. 
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2.2 SERVICE USE 

This type of battery has given 200 hours of trouble free 
operation in a CF-100 MK.4 aircraft and it is understood 
that aircraft companies in France, England, and in the 
United States have reported good performance and reliabil­
ity of similar units. 

2.2.1 SERVICE DIFFICULTIES 

There are no known records of tne so called nvicious 
cycle,. that have not been associated with overcharg­
ing of the battery. However, it may be noted that 
this problem also exists with the lead acid type of 
battery but in that case the temperature rise on 
overcharge is not as high as in the nickel cadmium 
type. The higher temperature rise of tne latter is 
due to the low internal resistance which makes 
possible i ts superior high discharge rate character­
istics. 

3. BATTERY SELECTION 

A 15 ampere - hour battery is required.for the CF- 105 aircraft. 
The nearest standard size is the AN 3151 , a 24 A.H. lead acid 
type battery for which a di mensionally equivalent nickel cadmium 
type of 22 ampere hours capacity is available. However , the use 
of the 22 ampere hour battery would entail a weight penalty of 
10 to 12 lbs. over the 15 A.H. nickel cadmium battery pre sently 
selected , and a still greater weight penal ty would have t o be 
taken should the lead acid type be selected. 

4. NICKEL CADMIUM BATTERY TEMPERATURES 

4.1 GENERAL 

The early model of the nicke l cadmium battery required a 
wiri ng connec t ion to the generator controls to control the 
voltage at the battery terminals. Later, this arrangement 
was modified and a thermocouple was incorporated in an outer 
battery cell to control a relay which isolated the battery 
from its charging circuits when overcharging caused the 
outer reference cell to reach 135°F, which is equivalent to 
an i nner cell tempera t ure of 1600F. 
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4.2 CHARACTERISTICS OF THE BATTERY TEMPERATURE RISE 

Battery temperature does not start to rise until the battery 
reaches 100% of full charge as is shown by a temperature 
rise versus% overcharge curve (Fig. 1) f urnished by the 
battery manufacturer. This curve indicates a rapid temp­
erature rise if a hign charging rate is maintained after 
the battery comes up to full charge. 

However, this temperature rise may be prevented byg 

(a ) completing the final charging of the battery at a 
low rate, or 

(b) by charging at a voltage which is less than the 
full charge voltage of the battery. 

5. ANTICIPATED TEMPERATURES OF THE NICKEL CADMIUM BATTERY AS 
INSTALLED IN THE CF- 105 

5. 1 ELECTRICALLY INDUCED TEMPERATURE 

As the no- load full charge battery voltage is 29 volts 
and the aircraft char ging voltage is 27.5 ± l volt, there 
appears to be no danger of overcharging and consequently 
overheating the battery. 

5.2 AMBIENT TEMPERATURE 

The battery is installed in a compartment whose ambient 
temperature is control led by the air conditioning system 
to 160°F. However , to take full advantage of the nickel 
cadmium batteries' characteristics it was decided to 
provide a speci al cooling facility to maintain the battery 
itself at 80°F. 

6. TERMINALS 

Nut type terminals were selected because no quick disconnect 
type existed for the 15 a .h. battery and maintenance require­
ments did not appear to demand its development. In this regard 
it was noted that the maintenance problems ' connected with the 
use of nickel cadmium batteries appeared to be far less than 
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6. TIIBMINAI.S (Continued) 

t hose associated wi t h the lead acid t ype, and for this reason 
t he nickel cadmium battery did not appea r to require removal 
as f requently as the other type. In particular, the lead 
acid bat tery was frequently removed for servicing for any orie 
of t he following conditionsg 

(a ) exposure of the aircraft to low temperk~ ures often 
required replacement of a cold battery with a warm 
one, especially when an electrica l starter was used. 

{b) routine inspecting involving cleaning and corrosion 
prevention due to spillage, leakage and spraying of t he 
elec t rolyte. 

(c) routine specific gravity adjustment of the electrolyte, 
entailing bench checking. 

(d ) on some aircraft installations, the battery must be 
disconnected to disable the canopy ejection mechanism 
when the aircraft is hangared. 

The nickel cadmium battery installation as proposed for the 
CF-105 aircraft will not require battery removal for any of 
the above reasons. This aid to ease of maintenance of the air­
craft is brought about through the following characteristics 
of the nickel cadmium battery and its installation. 

(a) 

(b) 

( C) 

the low temper ature characteristics of the nickel cad­
mi um battery are superior to those of the lead acid 
type and i n addition, the fact that it is not used for 
starting completely eliminates tne necessity of 
replacing it in cold weather. (The a.h, efficiency of 
the nicke l cadmium battery is approxi mate1y ·30% at 
- 40°F , whi le that of the lead acid battery is only.17% 
a t - 20°F, (Reference - Defence Research Chemical 
laboratories Re port No. 180 of projec t No, D52-54-8o-o8). 

the battery is a sealed unit and so requires no elec­
t rolyte maintenance. 

the canopy and seat ejection mechanisms of the CF-105 
a ircraft are not electrically operated. 
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7o THE EFFECT OF MODIFYING THE PRESENT INSTALLATION TO RECEIVE 
A LEAD ACID TYPE BATTERY 

Provisions c ould be made to install e ither an AN 3151 battery 
or its dimensionall y equivalent 22 aoh. nickel cadmium battery 
at the expense of the foll owing changesi 

{a') 

(b ) 

( C) 

(d) 

(e) 

(f) 

a larger sealed compartment would have to be provided, 

the aircraft 1 s primary structure would ' have to be modi­
f i ed to a ccommodate the l arger compartment, 

corrosion protection would have to be provi ded for the 
compartment and all areas within 12 inches of the 
battery, 

equipment and wiring woul d have to be moved f rom the 
battery area into other a lready conge s ted equipment 
space , 

space a llowance woul d have to be provided t o cater for 
the maintenance of the lead acid type battery , i.eo , 
measuring and refilling e lec trolyte, removing caps, etc. 

the battery compartment would have to be vented 
according t o AND 10441. 

8. THE INCORPORATION OF A QUICK DISCONNECT CONNECTOR 

The battery mounti ng is such that a quick disconne c t connec­
t or coul d be installed {wi t h a l terations to the existing 
battery) at a wei ght penal ty of over one pound. However, in 
view of the small amount of maintenance r equired on t his 
battery , i t would appear that it would not be economica l to 
take the necessary weight penalty for the sma ll convenience 
for which i t would provideo 

9. RECOMMENDATION 

It is recommended that the present insta llation remai n 
unchanged , as from the fore going paragraphs it would appear 
that the pre sent i nstallation provi des the lightes t and most 
compact insta llation, and in addi tion provides performance 
and maintenance advantages over other install ations investigated. 

SECRET 



@ ~ · ' 1'\ ~~~ $ 6 
--~----------~-.. ,,_-:~__,t ..-.·\-~-w-AJ--f'A-'-------

• 1 FOAM 17A9 A 

sAFT BATTERY - VOLTABLOC V0. 15 EFFICIENCY STUDY 

1 . EMERGENCY D.C. BUS FLI GHT LOADING 

SERVICE 

Ext ernal Tank Je t tison 

u/ c I ndication 

Fire Detec t ion 

Canopy Sea l 

Spee d Brake Ac t . 

Master Warning Box 

Emergency Cockpi t Lts. 

Turn & Bank I nd. 

I gnition (Relight ) 

A.R .C. 34 U.H.F . 

A.I.C. - 10 Intercomm . 

. AMPS 

1.35 

.09 

1. 00 

1.00 

. 60 

1.35 

. 60 

. 20 

7 . 00 

14.oo 

2.90 

31.09 

Momentary & Shor t Dur at ion 8.35 

Conti nuous 21 .74 

Momentary 

Cont . 

Cont . 

Cont . 

Cont . 

Cont . 

Cont . 

Cont . 

30 Sees . Max. 

Cont. 

Cont . 
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2. EFFECT OF TEMPERATURE ON TIME OF OPERATION IN FLIGHT 

Calc ulating on the basis of a 22 Amp continuous Load. 

MINUTES AMPS TEMPERATURE OF OPERATION 

22 -t-68°F 

22 +32°F 

22 - 40F 

22 - 400F 

MISCELLANEOUS LOADINGS 

SERVICE 

Canopy Act & Control 

Fire Extinguishing 

I/P Cocks (Close (2) 

IoF.F. crash 

48 

38½ 

29- 3/4 

18½ 

AMPS 

16 . 8 

8. o 

12.8 

40.0 

8 Sec. 

MOM 

1 Sec. 

MOM 

The above services are not normally used 1n flight emergency. 
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