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1. Introduction 

This brochure describes the Escape System for the Arrow aircrafL 
! 

The system provides automatic emergency ejection for both crew 

members , using interconnected canopy opening and ej ect1on seat 

fi r i ng , A Martin - Baker fully automatic eJection seat is provided for 

each crew member . 

The escape system i s des igned for maximum reliability and effic-

i ency under all conditi ons . Extens1ve ground tests of the canopy 

opening mechanisms have been carried out and further functional 

tests , plus rocket sled testing of the complete system, are be ing 

undertaken . 
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2. Des ign Objectives 

The design objectives for the Arrow escape system are : 

' 

5b .. Kt 1 

( 1) To provi de automatic escape from the aircraft for both crew mem -

bers in an emergency . 

(2) To ensure that both crew members are safely separated from the 

aircraft , and eJected clear of the structure, over a full range of 

aircraft speeds . 

( 3) To provi de a reliable canopy opening and ejection seat, firing 

mechanism. 

( 4) To locate the firing control so that it may be operated under all 

conditions. 

( 5) To ensure that the action of firing the ejecti on seat also provides a 

clear eJ ectio n path. 

( 6) To provide emergency canopy opening for each crew member, 

without ejection seat firing. 

(7) To provi de emergency canopy openmg actuated by an external 

control. 

(8) To provi de a bai..1-out warning system and an automatic distress 

signal transmission fac ility . 

(9) To meet ground servicing and safety requirements. 

( l 0) To provide a system which will meet the requirements of spec ­

ification AIR 7-4 and the design requirements of CAP 479 

(Manual of Aircraft Design Requirements for the RCAF) and 

. ARDCM 80 - 1 (Handbook of Instructions for Aircraft Designers). 
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3" General Description 

The Escape System cons1 sts essentially of a firing unit and operating 
t 

mechanism for emergency opening of the two split clam --she ll type 

canopies , two Martin - Bak er Mk" C - 5 ejection seats and a ba il- out 

warning system . 

Each canopy is normally opened and closed by means of an electrically 

driven screw- ; ack and locked or unlocked by a manual latch control 

1 e v er , wh1 eh 1 s disconnected from the latches when 1n the closed 

position " Interconnected emergency canopy opening and seat ejec-

t1 on is m1tiated by pu lling t he face blind handle . This action fires 

th e canopy actuating cartr i dge causing the canopy to unlatch and open , 

over- r i ding the normal screw - 3ack, At the same time the seat 

e J ect1on gun 1 s primed " When the canopy is sufficiently extended., 

oe y on d th e normal open pos1 tion , the ejection gun 1s automatically 

fJ red , a r adio d1 str e ss s1gnal being rnibated as the seat is ejected. 

An alternat1ve hnng handle i s provided on the front of the seat pan 

shoul d the crew member for some reason be unable to reach the 

face b lind. A bail-out warning system , operated by the pilot from 

the front coc kpit warns t he observer of the necessity for escape. 

An emergency oxygen cylinder , which is attached to the underside 

of each eJection seat, 1s automati cally connected to the occupant ' s 

supply system on ejection. A composite quick - disconnect coupling, 

also attached to the seat , provides an effective means of breaking 

R T 
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the crew member I s various supply l eads from the aircraft as the seat 

is ejected. The occupant 1s released from the seat at or below the 
• t 

correct altitude and safe 'g' load by means of a barostatic and g 

controlled time release unit. 

There are two emergency methods of opening the canopy without firing 

the seat gun . The first of these may be used by both members of the 

crew to open their respective canopies. Operation of the emergency 

canopy control lever removes the sear from the canopy firing unit 

causing the canopy to open wi thout firing the seat gun, which can 

only be primed b y the e j e c tion handles, The second method is by 

means of an external control, which has the same function as the 

internal control l ever with one d ifference , i n that it operates both 

canopies simultaneously. Independent canopy and ejection controls 

are provi ded for each crew member. 
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4. 

4. 1 

Detailed Description 

Ejection Seat (Refer to Fig. 1) 
! 

The ejection seat employed in the Arrow 2 escape .system is of the 

Martin-Baker Mko C- 5 fully automatic light-weight type , weighing 

a total of approximately 100 lb o This seat incorporates the follow-

ing features '. -

(1) A 72" (long .stroke) ejection gun , giving an ejection velocity of 

83 feet per second, to make safe escape from low level prac-

ticable o 

(2) A strengthened, light weight seat pan without thigh guards or 

foot rests o 

( .3) A single , combined seat and parachute harness . The parachute 

harness i .s attached to the seat at three points , thus also serv -

1ng as seat harness o 

(4) A "D" shaped ejecti on handle. of conventional type , attached 

t o the face blind, whi ch 1s stowed i n t he head - resL Cables 

from the blind are co n nected to the sears of the ejection gun 

and the canopy firing unit o 

(5) An auxi liary ejection handle , in the form of a 11 D 11 ring , situated 

at the forward upper edge of the seat pan, between the crew 

member ' s knees. Operation of this handle fires the ejection 

mechanism in the same manner as the face blind, thus providing 

for the case where the occupant is unable to raise his hands to 

the blind. 
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( 6) A bar ostatic and g contro lled time re l ease uni t which dis-· 

c onnects t he occupan}' s harness and equipment from the seat at 

an alb tude of S000 metres , approximate l y 16, 400 feet ( with a 

unila t eral to l erance of +3000 f eet) , or below . provided the 

loads on t he seat are less than the specified limit . 

(7) A snubber umt on the underside of the seat pan , through which 

pa s ses the leg restra1n1ng cord. A hand- wheel on the right­

hand s ide of the seat p'3.n i 5 used to re l ease the cord under 

normal cond1t1ons , 

( 8) A compo site qu1ck - d1sconn ect on the nght- hand side of the ·seat , 

pr ov1 d1n g connections •for oxyg en , pressure suit, visor de­

misting , ann - g su it and te1ecommunicanon , By means of this 

unit , auto mat ic d1 3c onnection (on ejec t i on of seat) or manual 

d1s connecnon o_f these services between the crew, seat and 

airc raft are provi ded , 

( 9) Manual r elease of the leg restraint , seat harness and quick 

d1 5connect . 1n one movement , by use of a manual override 

'ie v er on the nght - hand s ide of the seat pan . 

( l 0) A further 1 e v er on th e le ft- hand side of the seat pan controlling 

a reel t o which is attach ed the combined seat and parachute 

harness . Operation ol this lever provi des freedom of move ­

ment for the occupant whi l e seated i n the a i rcraft , 

( 11) The seat raismg handle on the left-hand side of the seat pan . 

(12) Safety pins for the face blind and auxiliary firing mechanism, 
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to prevent inadv ertent operation on the ground. These are 

remov ed by the c rew member on entering the a i rcraft . 
t 

4. 2 C r ew ' s Equi pment and Harness 

Each crew member 1s equ ipped with a standard, 21 feet per second 

rate of descent, pa r achute which i s mounted to the back o f the seat , 

and a surviva l pack in the seat pan . These items are an integral part 

of th e combined h arness whi ch i s a t tac hed to the seat at three 

po in t s . A n ylon le g restra in ing cord is passed from an anchorage 

on the fr ont of the s eat pan, through a r ing on the s i de of a ga r ter 

strap a t tached t o eac h o f the crew membe r !s legs below the knee. 

Fro m the r e through the snubber box on the undersi de of the seat 

pan to a b r a ck et on the coc kpit floor , whi ch r etai ns the end of the 

co r d by mean s of a shear p in . The emergency oxygen cylinder is 

fi tted to the unders i de o f t he seat and is operated, on ejection, by a 

l anya r d attached to the airc r a ft s tructure . (Refer to Fig. 1). 

4 , 3 F i r ing Mechani sm (Refer t o Fig. 2) 

Twin c a b l e s a t t ached to bot h the face b lind and the all)Ciliary firing 

handle , withdraw t he sea rs from both the seat ejecti on gun and the 

canopy fir ing unit when e ither of the handles i s operated. Thi s 

a ction fir es t h e c a nop y c ar t r idge but only primes the ejecti on gun, 

whic h is prev ented from fi r i n g b y a p in inserted through its 

s trik e r . When the canopy has reached an angle of 41 ° from the 

closed position , the pin is w i thdrawn by a telescopic rod connected 
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through a lever ar.r·angement to the left-hand portion of the canopy, thus 

d etonating t he ejection gun . A fter the p i n 1s withdrawn t he te lescopic 
t 

rod reache s its lim it of extension, at which po int a shear pin m the 

rod £a ils, disconnecting it from the lever mechanism. 

A cockpit control l e v er 1 s provided for emergency opening of each 

canop y without sequenced f1 ring o f the ejection seat gun , and is posi-

t 1one d on the nght - han d s 1de at t he forward end of eac h cockpit. When 

th i s lever 1 s p u ll ed aft , berng connected. t o the sear by a cable, i t 

£ires t he canop y cartri d g e bu t d o e s not prime the ejection gun. A 

cable from t he external contro l performs the same function , but 

operates both canop,e s s1multaneously. The exter i or end of this 

cab1e 1s stowed 1n a q u ic k a,:c es s ca v1 t y on t he right - hand side of 

the aircraft , forwar d of the mtake r amp . (Refer to Fig . 4) . 

4. 4 C anopy Openrng Mechamsm (R efer to Fig . 3) 

E ach canopy is no rmally actuate d by an electri c ally dr iven screw-

Jack at the r ear of the cockpit . attache d di rectly t o the left-hand 

ha.1:f of the canop y. Normal operation of each canopy is controlled 

by two ., t hree p osition (OPEN - OFF - CLOSE) switches , one 

loc a te d on the i eft- band c on sole and the other on the exterior left -

h and side of th e aircraft b etween t he two canopies. The screw 

jack incorporates a separation de vic e which fails dur i ng emergency 

operation , d i.:iconnecnng the j a ck from the canopy to permit rapi d 

openmg and o v e rt ravel. A me c hanism consi sting of an idler l ink 

8 
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and t wo push r od s 1 s s1tuated at the r e a r o f e a ch c ockp1 L The pus h 

r ods c onne ct t he end s of t J,e i d l er lin k one t o ea c h side o f the c anopy, 

e n 5unn g t hat r o t a ti on of th e idler open s b oth h alve s o f t he c anopy 

s i m u ltaneou s l y . T h e c a nopy opens thr·ough an ang l e of 31° under 

t he ac t i on of t he no r ma1 s c r ew - Ja c k . (Ref e r t o F i g. 5). 

T he emergency can opy ope r a ting jac k h a s i t s r am a ttached t o one 

end o f t h e 1d ·le r h n k. When th e c anopy Cd r t ridge is fired, the 

resulti ng gas 1s p 1p ed to a l a tc h ope rating jac k ( or sequenc e v a l v e), 

t he p is ton of wh i e h i mp i nges on a be lle r an k , which i n turn strike s 

the can o p y 1a tche s op e n before pe n n itti n g t he pa s sage of gas to the 

eme r gen c y o peratin g J a ck . Pre s s ur e then builds up 1n the emer -

g en c v oper atrng jack unt i l it is suffi c i ent to c ause t he normal screw -

j ac l< 'Sep an,;_; o n de v 1c.e to fa d . a llowi n g ext ensi on of the opera ting 

3a c k a n d h ence r ot a t 1.on o f the i d l e r li n k ; t hu s c aus i ng the two push 

ro d s t o ope n t he canop y . A r e c up e r a t o r, wh1 e h i s s i tuat ed on the 

nght - h an d s ide of t he c o ckpit and i s c onne cted by p i p ing to the 

em e rgency operating j a c k , suppli e s 0 1 1 t o t he l ow p .re s sure side o f 

r;l1 e p i ston . As th e op e r a T.1ng Ja c k i s exte n ded i t forces the o il 

th ro u gh a re stncn o n b ack i n t o t he re c upe r a t or , thus r estr a i ning 

t h e 1m p ac1: of rap 1d o p enrng o f t h e c ano p y , Thi s recuperator i s o f 

t h e H oanng p 1sto n t y p e , bemg s prmg l oaded to obtai n sufficient 

p r e s su re fo r c har g i ng t he e m ergency operating jack with oiL The 

c a n o p y 1.s fu lly op e n a t a n an gle o f 45° fr om its closed pos i t i on. 

At th i s po int a pi n on one e n d o f t he idl e r link engages with a spring 
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loaded catch, retarning th e c anopy 1n t he open position and obviating 

an y tendency to close due ,to aerodynam1 c l oadmg. (Re.fer to Fig . 2) . 

4 . 5 Bail- Out Wa r n ing System 

The bad-out warmng s ystem comprises a green l i ght in the front 

cockpit a.nd a red hght and warn ing horn in the rear cockpit. Oper-

ati on of a s w itch i n the front cockpit illuminates both warning lights 

and 3o unds t he horn , As the rear seat i s eJected from the aircraft 

1t operates a m 1c ro-sw1 tch, which de-•ene r g1zes the green light 1n 

t he f ront c oc kpit, thus informmg t he pilot that the observer has been 

e j ec t ed, 

4 , 6 Di s t re ss W armng Facili t y 

A m i cro - swnch in each seat insta llation , operated by ejection of the 

s e a t, swi tch es t he UHF communi cation t ra:, smitter to transmit 

on t he e .m e r gene y frequenc y and th e air -•to-ground IFF transponder 

to t r ans m.n 1n t he emergenc y m o de. These emergency functions of 

the UHF and l FF may be t e sted by means of an o v er ride switch 

rn the ir o n t co c kp 1 L 
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5 . Ejection Sequence 

When emergency ejecti on ~ecomes necessary the sequen ce of opera-

t ions is as follows · 

(1) The occupant carries out the pre-ejection procedure, which is 

y et to b e determin ed, 

(2) The e j ecti on seat b lrnd is pulled down over the face, or alter n a-

tively the auxil iar y firrng h andl e is pulled vertically up between 

t he knees , t o initiate t he escape sequence . 

( 3) The canopy opens and, having moved through an angle of 41 °, 

fi res th e seat cartridge. 

,,-----_ ( 4) As th e seat leave s th e aircraft t he occupant's legs are pulled 

back and tog ether by the leg restraining cord. The cord, which 

is a ttached to the cockpit floor by a shear pin, is drawn through 

the snubber unit until the 1oad is sufficient to cause failure of 

th e s hear pin. The snubber unit prevents the cord slackening 

until it is released. 

( 5) Movement of the seat also breaks the quick disconnect between 

th e seat and aircraft, pr ime s the drogue g un and the time 

release mechanism by removing their respective sears, and 

opens the emergency oxygen cylinder by means of a lany ard . 

(6) Half a sec ond after leaving the aircraft the drogue gun is fired 

~ 
a n d th e controller drogue extended. Then the main drogue is 

withdrawn, retardin g the forward movem ent of the seat. 

( 7) When the load on the seat I s w ithin the limi t the time release 
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unit commences to operate (provided the seat is below 16,400 ft). 

After an interval of 1. 3 seconds, by mean,s of a linkage from the 
t . 

time release mechanism, the harness is automatically released 

from the seat , the leg restraint is rele~sed and the composite 

services quick-disconnect between seat and occupant is broken. 

In addition , a restraint is ,removed from the scissor shackle 

which attaches the main drogue to the seat, causing the drogue 

to be released . Attached to the drogue is a link line which has 

its opposite end secured to the occupant's parachute rip-cord. 

The configuration of the back of the seat causes the occupant 

to be tipped forward when the harness is released and the 

seat then falls away. The drogue provides sufficient drag to 

deploy the auxiliary parachute and subsequently the main 

parachute . 

SECRET 
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6 . Equipment List 

Description 

Ejection Seat 
Mk. C-5 

Seat Ejecti on Gun 

Canopy Cartridge 
Firing Uni t 

Emerg ency Canopy 
Operating Jack 

Latc h Operatin g Jack 

Recup e rator 

Normal Canopy 
Operating Screw­
Jac k 

! 
Q ty, 

2 ) 
) 
) 
) 

2 ) 
) 
) 
) 

2 ) 
) 

2 

2 

2 

2 

Avro Ui-g. 
No . Spee . 

7 - 2852-12 E 365 

7-1052-1037 E 299 

7 - 1052-1038 E 299 

7-1052-6589 E 299 

7-1152-9 E 277 

Manufacturer and 
Part No . where 

Applicable 

Martin-Baker 
Aircraft Co. Ltd . 

Mar.ti:r:i-Baker 
(MBEU. 5001) 

Martin·- Bak.er 

Martin-Baker 

Martin-Baker 

Martin-Baker 

Airborne 
Accessories 

1 
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SCISSOR SHACKLE 

COMPOSITE LEAD 
DISCONNECT 

LEG RESTRAINT 
RELEASE 

FIRING HANDLE 

HARNESS RELEASE 
AND PARACHUTE 

SUPPORT BRACKET 

SEAT PAN 

LEG RESTRAINT COR 

SNU,BBING 
UNIT 

Al TERNA T IVE 
FIRING HANDLE 

BRACKET 

FIG. 1 MARTIN-BAKER MK. C-5 AUTOMATIC EJECTION SEAT 

DROGUE 
GUN 

EMERGENCY 
OXYGEN 
PRESSURE 
GAUGE 

SEAT RAISING 
HANDLE 
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( H:NDLE DISCONNECTED 
I FROM LATCH MECHANISM 

~ 

~ 

RELEASE ROD WITHDRAWN 
EJECTION GUN FIRED 

7 

ELECTRICAL JACK SHEARED 
I 

SEAT AND CANOPY SEARS 

EMERGENCY SYSTEM SHOWN AFTER 
FIRING SEQUENCE COMPLETED 

CANOPY CARTRIDGE FIRING 
MECHANISM FIRED 

3 

' FWD 

LATCH ACTUATOR JACK 
SHOWN IN EXTENDED 
POSITION 

DETAIL "A" 

LATCHES UNLOCKED 

FIG. 2 CANOPY EMERGENCY SYSTEM 
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EMERGENCY 
LOCK· OPEN HOOK 

SPRING HOUSING 

PIPELINE TO 
CANOPY SEAL 

PIPELINE FROM 
CANOPY CARTRIDGE 
FIRING MECHANISM 

LATCH PLATES 

LATCH 

MICRO 
SWITCHES 

FIG. 3 FRONT AND REAR CANOPIES 

.EXTERNAL 
OPEN-OFF-CLOSE 

SWITOI 

CANOPY 
ACTUATING MEOIANISM 

EMERGENCY JACK 

TELESCOPIC LINK 

EMERGENCY LANYARD 
TO CANOPY CARTRIDGE 

FIRING MEOIANISM 

I 
I 
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EMERGENCY LANYARD 

STOWAGE 

\ 
CABLE CONNECTOR 

SEAR'AND 
ACTUATING 

LEVER 

EN 
BLE 

I 
/ 

~~ -~ 

/, / NAVIGATOR'S 

~ CT~~• 

/ ~ 

LUMINUM 
CK WIRE 

TO STEPPED · ••··· ... 
PILOT'S COCKPIT u 

PILOT'S EMERGENCY LEVER 

BLE ADJUSTER 

,i ~~ _10 
• ~ 

(j 

0 : ~ 

,/ \~ 
STEPPED PUUEY ON PILOT'S AND\ 
NAVIGATOR'S REAR B,ULKHEADS 

FIG. 4 CANOPY EMERGENCY SYSTEM CONTROLS 
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LATCH LOCKING LEVER 

ElfCTRICAL SCREW JACK 

NORMAL OPERATION - OPEN 

IDLER LEVER 

CLOSED AND LOCKED 

P!PB.INE FROM CARTRIDGE 
FIRING MECHANISM 

BBJ. CRANK 
LEVER 

MECHANISM ACTUATOR 
EMERGENCY JACK 

EMERGENCY OPERATION - OPEN 

LATCH ACTUATOR 
JACK 

B.fCTRICAL SCREW 
JACK SHEAIIB) 

FIG. 5 CANOPY ACTUATION MECHANISM-GEOMETRY 
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