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DEVEIDPMENT PROGRAM FOR THE ARROW ESCAPE 

SYSTEM 

le INTRODUCTION 

lol It is suspect ed that the present emergency escape system may 
not be sat isfactory over the full f l ight envelope of the Arrow. 
Fig. l shows the expect ed capabil ities of the present system 
using a Martin=Baker C5 seat. A development program to establ ish 
and improve the systems ]:'€rformance is therefore essential . 

Investigations have shown that a system 9 in which both crewman 
e ject themselves independently 9 is unsat isfactory in some flight 
conditions. Therefore 9 a system 9 in which escape is 1 linked 1 * 
for both crewman 9 will be utilized. For a discussion of the 
reason ~or this choice reference should be made to Appendix 2 of 
this reporto 

lo3 This report presents a development program for such a system 
and outlines the required tests. 

2 • GEN ER.AL PRO GRAM 

~ 

The program shall consist of the following phasesg= 

2.1 Preparation of Requirements. 

2.2 Design and Development of the System. 

2.J Test Program. 

2.4 System Evaluation. 

A ~inked' escape system is one employing automatic sequencing whereby a 
single operation of the pil ot 1 s firing control will eje·ct. the observer 
firs t and then t he pilot . 
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3 o PREPARATION OF REQUIREMENTS 

3.1 Avro shall prepare the det a iled requirements for an Escape System , 
which is to operate satisfactorily over the full flight envelope 
of the Arrow 9 as far as the state of the art and sc iences will 
allow. 

30 2 This shall include a requirement f or a Ul inked 0 system9 with a 
provision 9 however 9 f or the observer to eject himself independ= 
ently. This system will utilize the sequenced canopy actuation 
as proposed f or the Arrow Ji. . 

3 o3 The detail ed requirements f or the s eat are contained in Appendix 
l of this report. 

L.o DEVELOPMENT OF TH _s SYSTEM 

h.1 The responsibility for developing the system to Avro 9 s 
requirements wil l 9 if practicable 9 be given to a sub=contractor 
experienced in this field. 

4.2 Provided that sub contract 9 as in hol 9 is effected Avro shall 
provide Technical ass istance and liaison with the sub contractor 
as required t o ensure a vig orous and effective programo 

5. TEST PRDGRAM 

5.1 In order to ensure that the Escape Systam will meet the 
requirements of paragraph J.l and to determine its capabilities 
within the accuracy 9 obtainable from established techniques,a 
series of tes t s will have to be carried out. The methods of 
testing employed shall be g 

Towe:r Tests 
Ground and Rig Tests 
Wind Tunnel Tests 
Static Bjection 
Sled Ejection Tests 
Flight Ejection Tests 
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5.2 Tower Tests 

_5.2.1 An ejection seat and all its allied equipment will be 
fired up a test tower. Two mock=UP cockpits ~ a pilot 0 s 
and an observer 0 ~ wil l be constructed so that they can 
be assembled and fixed individually in the correct 
position relative to the tower mechanismo 

The object of these tests will be as follows g 

To test the structural integrity of the seat equipped 
with the R.C.A~Fo survival pack and container and 
effect of the pack and co~t ainer on the spinal 
accelerations and on the cockpit clearances. 

To test the operation of the restraints for head
9 

shoulders 9 arms and legs. In a 0 linked1 system~ it is 
of the utl'OCist importance that the crewman can be safely 
ejected with no prepositioning of any part of his body. 

To make preliminary tests of the cockpit clearances of 
various sizes of anthropomorphic/metric dummies and live 
subjects having due regard to the fact that these are 
static tests with a simplified and constrained trajectory. 

To test the performance of the ejection gun with respect 
to variations in ejected weights~ cartridge temperature 
and aircraft load factor. 

The following tests sha l l be done. 
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GUN CARTRIDGE SIZE OF AIRCRAFT 

Subject o 

5e2.4 

T EMrE RA TURE DUMMY LOAD FACTOR COCKPIT 

-65°F 95% l Pilot 
6QOF 95% 1 Pilot 

160°F 95% l Pilot 
60°F 5% l :F.ilot 
6o°F 95% l Obs ., 
&)OF 5% 1 Obs.., 
&)OF 95% 4 Pilot 
&)OF 95% 8 Pilot 
&)OF 95% * l Pilot 
6ooF 5% * l Pilot 
60°F 95% * 1 Obs,. 
60°F 5% * 1 bbs, 

The following data will be acquired g 

Inspection of the seat j dummy and mock=UP cockpit prior 
to 9 and after 9 ejection to assess daniage 9 if any. 
Film presentation of the movement of the durrmy during 
ejection from the cockpit. 

Continuous traces of the vertical and hori~ontal acceler= 
ations of the dummies chest ~ head and limbs. 

Continuous readings of the seat velocity 9 loads on the 
seat pan 9 seat back and gun attachment points. 

These traces will be taken on a time base with the point 
of initiation clearly recordedo 

DATE 

DATE 

5.3 Groun~ and Rig Tests 

5.3.1 Adequate rig testing of the canopy emergency actuation 
system has all ready been carried out J referenceg Canopy 

Functioning TestsAvro J ATR No. 2472/ 1 etc. A series of 
firings j however 9 shal l be carried out to check the 
performance of the ballistic=delayed Pilot qs Gas Generator 
cartridge 9 over the temperature range -65°F to 100°F. 
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5.3.2 A seat shall be pl aced in a rig and s hall withstand J 
without permanent set 9 the loads der ived from paragraph 
29. l of Appendix 1 using a 95 t b. percenti e man ,, and 
without structural failure 9 the ultimate loads similarly 
derived from paragraph 29o2 of Appendix l . 

5.3.3 A seat will be placed in an aircraft cockpit ,, the gun 
will be replaced by a tube. With a 95th percentile man 
in the seat ,, it will be drawn slowl y up the tube. The 
operation of the head 9 shoulder 9 arm and ~eg restr aints 
will be checked and 9 with all these restraints fully 
operative 9 a check will be made that the crewman is able 
to operate the firing control and the restraint manual 
release. The operation of Composite Leads Disconnect 9 

DATE 

DATE 

the Distress Signal Device and any other relevant mechanis~~ 
sequences and clearances shall be checked. 

5.3.4 Th~ tests of paragraph 5.3.3 will be repeated with a 5th 
percentile man and conducted in both the Pilot 1s and 
Observer 0s cockpit. 

5o3.5 All the components of the system will undergo qualificat ion 
test procedµre. 

5.4 Wind Tunnel Test 

Dynamic wind tunnel test techniques will be used to evaluate 
the stability 9 tra.jectcry and altitude versus time relationship 
of the seat=man combination in free flight)) after ejection from 
the aircraft under various flight conditions. Two model seats 
will be ejected from a m:,del of the Arrow 2 9 at points in the 
escape envelope considered typical of the areas which will not 
be covered by the sled tests or possible flight tests proposed 
in paragraphs 5.6 and 5.7. Filmed records of the movements of 
the seat after ejection will be obtained. The following tests 
will be conducted g 

MACH NO. ANGLE OF YAW ALTITUDE 

1.2 0 Sea Level 
lo2 50 Sea Level 
2.25 0 35 9000 feet 
2.25 15° 35 ,,ooo feet 
2.25 0 70 .1) 000 f'eet 
2.25 15° ?0s,000 feet 
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(continued) 

This type of test will not yield tre fundamental information 
required to correct the seat character istics if they should be 
unsatisfactoryo In order to determine all the relevant aero= 
dynamic coefficients and to comput e the trajectories and r o tation! 
of the seat man combination and the pressure forces acting on 
the crewman, something in excess of 500 runs in the wind tunnel 
and a formidable computation program would be required to cover 
the basic minirum of caseso On account of the tine and cost 
i nvolved onl y dynamic tests wil l be conducted ~ unl ess the 
results indicate that the stability of the seat has to be 
improved i, ~hen an i nvestigation will have to be car ried out 
into the best method of testing during such a development progr am, 

Static Ej ection 

5;.5.1 This test shall consist of ejecting both seats f r om an 
airc~aft at rest by ini tiat ing the escape sequence by 
remote control . The object of the test will be to test 
the ejection sequence and cockpit cl earance in an actual 
aircraft and to prove escape capabil ity on the runwayo 

S.5.2 The following data will be acquiredi 

Inspection of the dummies and cockpits prior to 9 and 
after ~ ejection to assess damages ~ if any. 

Film presentation of the movements of the dummies dur i ng 
ejection from the aircraft and of the proximity of the 
men arrl the seats during the complete ejection operationc 
A measurement of all the time intervals in the ejecti on 
sequence oft he seatso 

Sled Tests 

A two=phase rocket sled program will be carried out. The first 
phase will be carried out using an existing type of standard 
sled and the second phase will involve the use of an Arrow 2 
sled. 
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5.6.l Phase l: = 

This will consist of single seat ejection from an 
existing type ,o f standard sled. T'ne ob j ect of this t est 
wil l be to obtain informatfor:,_ on the dynamic performance 
of the seat and the R. C. A. Fo personal equipment. 

Runs will be made a tg 500 J) 600 9 700 and 750 knots. 95th 
percentile dummies will be used. 

The data to be obtained from this test will be g 

Film presentation of the seat and dummy during and after 
ejection. This should cover the operation oft he res= 
traints 9 free flight of ±..he seat,, operation of the drogue 
gun 9 seat=man separation 9 deployment of the main parachute 
and descent to t he ground. 

Longitudinal and verti cal accelerations of the test 
vehicle 9 and also , a record of distance of the sled versus 
time will be taken. 

Continuous recording of the following will be made g 

Lateral accelerations at the heart location and at the 
head~ Vertical acceler ations a t the heart 9 sideways 
acce.lerations at the heart i pitch and roll rates; and t he 
total dynamic pressure on the dum:rny 0 s chest. 

These tests will be r un o n an aerodynamicall y ~ but not 
necessarily structuTally 9 representative sled fitted with 
a complete aircraft canopy system and with a represent ative 
opening in the pilot ' s bulkhead. These will provide a 
check of the entire system over the range indicated in 
Fig. 2. 
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5.6. 2 (continued) 

MACH NO. 

0.135 
o.5 
1. 16 
Ll6 
1.16 
lo20 

The conditions for the runs will be aa follows g= 

GROUND SPEED CD CKFIT DIFF~F.NTIAL 
MoP oHo ffi ESSURE = PoS.I. SEQUENCE 

100.1 0 Obs . =Pilot 
373 . 1 +S.89 Obs. =Pilot 
867.1 0 Obs . = Pilot 
867 .1 ·}4 . 15 Obs~-Pilot 
867.l +4. 15 Pilot Alone 
897 .0 0 Obs.=Pilot 

This assumes that the tests wil l be made at one altitude 
of 5 )) 300 ft. Tes t number 5 is to be made with the pilot 
alone ejecti ng and is intended as a check of the l oads 
and per f ormance of th9 Pilo t ' .s canopy and seat should 
the sequencing fai l . 

All these tests will be made with 95t h percentile dunmie s . 

The in:strume'tt,ation fo;r t he motion of the s l ed and t he 
dummies and saat shal l be t he same as in paragraph 5060 1 

The instrumentation . f or canopies shall be as followsg 
signals showing the instants of initiation of both sets 
of canopies 3 continuous records of the l oads in all 
four canopy operating l i nics 9 continuous records of 
the gas pressures in bot h canopy systems .9 contirruous 
records of the strains at about 12 locations on the canopy 
and cockpit structure ~ continuous records of pressures in 
both cockpits 9 continuous records of the angular dis­
placements of the f our canopies 9 film presentation of the 
lat ch and opening mechanism act ion f or each cockpi t . 
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5.7 Flight Tests 

5.8 

In order to obtain data on the performance of th~ system at 
different altitudes, and higher Mach numbers some~jections will 
be made from the rear cockpit of the Arrow 29 if feasible points 
in the flight envelope can be established from data acquired 
during the Arrow 1 2 Flight Test Program. An approximate total 
of 3 tests one low speed and one high speed at JOjOOO ft. and 1 
at 50 JOOO feet ~ are expected to be sufficient to give the 
required check points. 

The instrumentation for this test will be the same as in Phase 
2 of the Sled Test Program but the trajectory of the duinmy 
after ejection will not be measured i Film presentation of the 
free=fall j seatman separation and parachute descent ,~11 be 
made from an accompanying aircraft. Facility for closing the 
rear cockpit canopy after ejection of the dummy will be made 
available to the pilot. 

Number of Seats Required 

The number of seats 
broken down for the 

required for the 

Tower test 
Ground and Rig Tests 
Wind tunnel test 
Static Ejection 
Sled Test= Phase 1 
Sled Test= Phase 2 
Flight Test 
Spares 

TOTAL NOQ 

various test. 

4 seats 
2 seats 
0 seats · 
2 seats 
4 seats 

11 seats 
3 seats 
8 seats 

34 seats 

Test Program is shown 9 

6. SYSTEM EVALUATiON 

The result of.all the tests in section 5 will be reviewed and 
extrapolation and interpolation will be used to define by analysis 
the capabilities of the Escape System throughout the full flight 
envelope of the Arrow 2. 

DATE 
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SY8TEM EVALUATION (,continued) 

The presentation of the results of this test program shall take the 
form of two envelopes g one in which the structural integrity of 
the escape system shall be maintained i and one in which the crewman 
shall not be subjected to conditions more severe for aircrew during 
escape than t};te RoCoAoFo physiological toleranceso 

7. PIDGRAM 

A tentative schedule for this development program is shown in Figo 3o 

DATE 

DATE 
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R~UIREM 1'.'NTS FOR AN UPWARD EJECTION SEAT FOR THE 

ARROW 2 

Introduct ion 

This section presents the detailed requirements for an ejection 
seat for the Arrow 2 designed for operation as part of a 0 Linked 0 

system. These requ i rements are sub ject t o paragraph 3.1 of Report 
No. 72/SYSTF.MS 24/ 205. 

DATE 

DATE 
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1. 
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160 
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Head Rest 
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Ejec t ion Handle 
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REQU IREHENTS FOR AlJ UPWARD EJECTION SEAT FOR THE 
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1. GENERAL R._~IREMENTS 

Ll Normal Use 

In normal use , the seat shall be as comfortable for the crewman 
a s possibl e and it shall be ad justable to suit a range of size as 
defined in paragr aph 14. 

1.2 Seat Geometry 

The seat geometry and attachments to the aircraft shall conform to 
the requirements of paragraph 11. 

lo3 Seat Harness 

The seat shall be equipped with an integrated harness as defined 
in paragraph 4.1 

1.4 Crash Landing 

In the case of a crash landing the seat shall conform to the 
requirements of paragraph 12. , 

1.5 Emergency Escape 

For an emergency escape from the aircraft~ the seat shall provide 
safe egress under the full escape envelope of the aircraftj as 
defined in paragraph 16 and the ejection space envelope of 
paragraph 13. 

1.6 In normal use and for emergency escapej the seat shall fulfill 
all the requirements considering a most adverse combination of 
weight~ dimension and equipment~ defined in paragraph 14 & 15. 

DATE 

DATE 
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1. 7 Desc ent 

1.8 

Aft er ejec tion f rom an a ir'c:·af t,i flying at any speed and altitude 
with in the f l i ght enve.;.ope " i.J1 any position with respect to the 
horizon , a :1d ex:p;r ienc ing any accelerations ., resulting from man= 
euvering as defined in paragr a ph 17 , t,he crewman mall not be 
permitted to exce ed .. he human t olerances l) as defined i..n paragraph 
l R~ shall safely se r rate from the seat j and shall be able to land 
safely on a hard , unobstructed land surfac e or in the water o 

Ai;, very l ow altitude 9 safe egress from the aircraft shall be 
expe cted over as l a r ge as pos s ible a range of aircraft positionj 
with respect to t he horizon. 

The seat shall be designed to be ejected by means of energy derived 
from burning of a solid propell ant fuelo 

2 o ENVIRONMENTAL CONDITIONS 

The seat shall operate satisfactorily when subjected to a most 
adverse combination of the following conditions& 

2.1 Prolonged soaking at tArnper atures ranging from =65°F to 16o°F. 

DATE 

DATE 

2. 2 In relative humidity up to 100 percent j including conditions wherein 
condensation takes place in the form of both water and frost. 

2.3 Exposure to sa l t laden atmosphere. 

2.4 Induced vib:-ations vf frequencies and amplituctesj defined in 
paragraph 19 ~ and applied to the seat through the attachment 
points ~ defined in paragraph 11. 

2,5 With sand and dust particles as may be encountered in desert 
areas o 

2.6 Exposure t o sea water and to conditions favouring fungus growth. 

3. OPERATION OF THE SF.,.A,T ON ~JECTION 

The seat shall be des i gned as part of a system in which the Pilot 
operates one fir i ng control to e j e c t the Observer and then himself in 
automatic sequence ; the ObsArver , however 9 shall be able to eject 
himself i ndependent..,_yo This sequence shall be achieved in the 
followin g manner g 
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3 o OPERATI ON OF TH°" SE.AT ON EJECTI ON (c ont inued ) 

( 1) When t he Pi:!.01, :ipe~ates his firing cont r ol l> he shal l s imultaneously 
r emove t he sears f r om both his own and the Observer ' s emergency 
canopy opening system. 

(2) The Pilot 1 s canopy car tridge shal l have a O.5 second ballistic delay 
incorpora t ed i nto it t o sequence t he ejection of the two seats. 

(3) The seat de s ign shal _ permit the init i at i on of e j ect i on either withi 
or wi t hout l> the use of its own e jection handle. Thus the Pilot 0 s 
and Observe!"1 s s eat shall be inter changeab i e 

The detailed oper ation of the sea t in bot h f i ring modes will be as 
described below g 

J . l Operat i on Through the Use of The Pi l ati s Seat Ejection Handle 

Operat ion of t he ? i l ot 0 s hand l e def i ned in paragraph 2.4 shall 
simultaneously remove t he ~8ar from both the canopy systems; 
r emove t he safety catch of both seat e jection cartridges and 
init i ate t he operation of both sets of head and shoulder restraints l> 
defi ned i n paragraph 4.2 . 

'The Observers canopy will commence to open immediately but there 
shall be a o.S second del ay before the Pilot ' s canopy commences to 
open. Both sys t ems wi l l operate i ndependently for the rest of 
the sequence , as descri b8d below. 

The movement of the seat re l at i ve t o the guiding rails j which stay 
with the aircraft j • shall be used to operate the leg and arm re= 
straints j de fined i n paragraphs 4.3 and also operate a quick 
disconnect for t he personal leads and bring the emergency oxygen into 
operat ion. 
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J.l Operat ion Through the Use of The Filo tu s Seat Sje ction Handle 
~~~~ • (continued) 

A stabilizing device wi!..l be deployed during or immediately 
after ejeetion of the seat fro m the aircr afto The time of . 
deployment cf ·this device shall be r egulated to assure that the 
seat with the device dep_ oyed shall not interfere with the 
e ject fo n path of t.he seat and t ha t no excessive accelerations occur 
during and aft er its deployment. 

Automat ic Man=seat separat i or.. sha ll immediately follow the deploy= 
ment of the stabilizing device 9 except for a delay which shall be 
provided 9 as defined in paragra ph 20 ~ to prevent t his separation 
occuring at too high an altitude and at too high a forward speed. 

3o2 Operation through the Use of The Observer 8 s Seat Ejection Handle 

Operation of trip Obs erver ' s handle J defined in paragraph 24 ,, shall 
remove the s ea.1" from the Observer 0 s canopy system, remove the 
safety catch from his SPat and initiate the operation of the head 
and -shoulder restr a ints ~ defi ned in paragraph 4e2. The Observer 0 s 
seat will then be ejected f rom the aircraft as described above j in 
paragraph 3. 1. 

4. RESTRAINTS 

The restraints shall be designed to protect the crewman during normal 
flights )) crash landing and during and after e j ec tion from the a.lrcraft, 

4,1 Harness 

The harness shall be of t he integral type ~ i.e. it shall combine 
the personnal parachute harness wi th the seat harness. 

During normal aircraft operations the harness shall provide 
adequate ad j ustment all owing it to be tightened according the the 
dimensions of the seat occupant j as defined in piragraph 14. As 
a design objective ~ the harness should be partly incorporated into 
the crewman1 s clothing and attached to the seat by four plug-in 
connectors . 'Thi s harnes shall be so des:i.gned that operation 
of a single control sha l l free t he crewman from his personal 
P3,rachute. 

DATE 

DATE 
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4.1 Harness (continued) 

A conventional set of straps, with a central locking point would 
also be acceptable. If ,useo, the strap locking device shall be 
simple an:::i fool-proof in operation. It shall embody a quick 
release mechanism lock, to prevent inadvertant release. The design 
shall exclude the possibility of the quick release being unlocked 
after the belts are in place, i.e. it shall not be possible to 
engage the belts when the quick release mechanism is unlocked. 

The harness shall upon the manual operation of a release control 
allow the seat occupant to lean forward when required. This 
mechanism shall be so arranged that upon the occupant's partial, or 
complete, return to the ejection position, he will be restrained. 

The harness shall retain its normal flexibility :throughout the 
operating conditions of paragraph 2. 

The survival . pack shall be attached to the crewman by this harness 
and shall remain with him after man-seat separation . • 

The harness shall be able to retain the crewman, except his limbs, 
within the following s pace envelopes: 

1) 

2) 

In crash landings within the envelope of paragraph 12. 

During emergency escape within the envelope of para. 13. 

4.2 Head and ShoulderRestraints 

These restraints shall supplement the harness in assuring that 
during ejection, the crewman's torso is kept in the ejection 
position, wit h the head, neck and the vertebrae in a straight 
line parallel to the direction of ejection. 

These restraints shall in no way hinder the crewman during 
performance of his normal duties. 

DATE 

DATE 
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4o2 Head and Shoulder Restraints ( continued) 

The head restraint will provide protection against flailing and 
other effects of windblast. 

The shoulder restraints shall prevent the shoulders rooving 
forward during ejection. As a design objective 9 the shoulder 
restraint shall partially support the weight of the upper 
portion of the crewman' s tairso 9 th~s preventing high compression 
loads on the vertebrae of the pelvis region. 

The head and shoulders restraints shall become fully effective 
prior to the onset of aey high accelerations 9 caused by the 
ejection 9 on the crewman. 

Leg and Arm Restraints 

These restra~nts shall prevent the legs and arms from flailing 
during and after ejection. 

The leg and arm restraints shall be operative before the crewman 
is exposed to windblasd 9 and shall prevent the crewman 9 or his 
personal equipment 9 from fouling any part of the cockpit 
during ejection. 

The arm restraints shall not prevent the crewman operating the 
firing mechanism or a manual release to free himself of the 
restraints. As a design objective 9 the arm restraints shall 
assist in taking compression l oads as in paragraph 4.2. 

So SURVIVAL PACK STOWAGE 

Space shall be provided in the seat pan for a survival pack 9 defined 
in paragraph 6. 

This pack shall be located beneath the seat cushion and shall be 
connected to the harness as described in paragraph 4.1. 
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6. SURVIVAL ?ACK 

8. 

The survival pack shall be an Ra C. A.F o supply item. It shall consist 
of a r i gid outer shell 9 containing survival equipment ~ which shall 
be designed to prevent the crewman submarining during ejectiono The 
weight of the survi val pack shall not exceed 30 lb. 

The seat pan shall be designed to accomodate this packo The pack 
dimensions shall be supplied by the R. C.A.F. 

SEAT CUSHION 

A cushion shall be provided to make the seat comfortable and reduce 
fatigue of the crewman. Tile elastic properties of this cushion shall 
be designed to avoid detrimental effects on man=seat dynamics . 

HEAD R"RST 

An adequate head rest shall be provided. 

9. LEG AND FEET SUProRTS 

Supports for the crewman1 s legs and feet shall be provided. 

These supports shall be sq designed as to prevent the legs and feet 
being bent backwards by the Windblast during and after ejection. 

i 

10. SEAT VERTI CAL ADJUSTMEN'J; :,. 

A seat adjustment mechanism shall be mounted on the seat to provide 
a vertical adjustment of the seat pan so that a 50th percentile man 
shall, with his eye at the normal eye level for the aircraft~ as 
shown in Avro drawing no. 7=4452=7 i have available an adjustment of 
vertical seat pan movement through+ 3 incheso The seat adjustment 
control shall be so designed that it cannot be inadvertantly operated ; 
but shall be operable with a _minimum of effort by the crewman. 
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11. SFAT G:i'OM'1ITRY AND ATTACH MSNT FITTINGS 

The dimensions and configuration of the seat shall be within the 
envelope of Avro Drawi ng Noo 7~2852=83. 

The attachment fittinrs shall be as shown in Avro Drawing Noo 7=1052= 
151D. 

12. CRASH LANDING CAS E SPAC'S HNVBI.OPE 

The seat and harness shall be so designed that under th 0 applied crash 
loadsj as defined in paragraph 28 1 the crewmans torso and head should 
remain within the envelope of Avro Dwg. No , (to be issued)o 

13. F,,JECTION SPACE ENVELOPE 

During ejection the crewmans head 9 torso and limbs will be kept within 
the envelope as shown on Avro Dwg& No. 7=4452-7 

14. DIM liNSIONS AND WEIGHT OF' CREltJMEN 

The crewman will have the following range of dimensions and weights 
(clothed) ~ 

To be supplied. 

15. PFR.SONAL -c;;QUIPMFNT • 

The crewman's personal equipment shall be the responsibility of the 
R, C, A."'. and shall be compatable with the escape system requirP.ments o 

16. ESCAPE '<JllVBI.O PE 

The Escape Fnvelope of the Arrow 2 for which the seat shall be designed 
will be as shown in Figure l.j including zero speed at zero altitude. 

DATE 

DATE 
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17. MANOUVERING ~ EWPE 

18 

During manouvering the aircraft wi ll be subjected to the following 
maximum accelerations; 

1) Normal upwards accelerations of 7.33 G. 

2) Normal downward accelerations of 3 ,OG. 

3) Normal side accelerations of 2.0 G, 

4) Forward accelerations of 11 G. 

HUMAN TOL'!ffi.ANCl<S 

The acceptable human tolerances will be agreed upon, in detail, by 
Avro and the R.C.A . F. and supplied to the seat manufacturer. Howeverj 
the following values shall be used as design criteria: 

DATE 

DATE 

18.l Acceleration up the seat railsg The seat-!ll.?-Il combination shall 
not be subjected to an acceleration greater than 25 G and a 

• rate of rise of accelerat :.on greater than 300 G/sec. 

18.2 Transverse deceleration: During free flight the seat-man 
combination shall not be subjected to an accelez:ation-time 
relationship whic h exceeds the 11Zone of Safety" in Fig. 2. 

19. INDUCF.D VIBRATIONS 

The seat will be subjected to vibrations applied to its attachment 
.(ittingsj of the frequenc ies and amplitudes as s:i:iecified in 
Avrocan S:i:iecification, No. 2660 

20 ALTITUD E AND DECELERATION DELAY MECHANISM 

20 .1 High Speed Override 

In the case of an e jection at high speed of the aircraft, 
the s eat shall be fitted wi t h a device which will ensure that 
the personal parachute can be deployed, at the earli~t moment, 
without suffering structural damage. 
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200 2 Alt i t ude Over ride 

In t he case of an eject i on above an al titude of 5000 metres j 
a devi ce will be fitted to the seat which will ensure t hat 
seat man separat i on and parachu te de ployment does not occur 
unt i l the seat has descended to an alt itude of 5000 metres 0 

In the case of an e ,j ec t ion below t he a.lti tude of 5000 metre s 
man=seat separation sha ll_j)e al.lowed t o oc~ur i mmediately. 

The t olerances on t his devi ce shall be + 300 metres with no 
downward toler ance o 

2lo MANUAL OVERRIDE 

A manual overri de control shall bP provided which shall enable the 
crewman to release himself manually from the seat as an alternative 
to the automatic releas e o A simple warning system s hould be fitted 
to t he seat to ensure that 9 when t he seat is below 5000 metres i should 
a failure of thP automatic r el ease mechanism occur the crewman himself 
may operate the manual release o 

The release shall be designed for easy operation by the crewman with 
all the restrai nts in operation~ 

22e AU'IDMATIC RESTRAINT RELFAS S MEC'-!ANISM 

The seat will be fitted with a device which will simaltaneously 
release all the restraints 9 t he composite leads disconnect arid the 
drogue chute 9 if fitted i from t he seato 

23. OOM1'0SIT E LEADS DISOONNECT 

Provisi on shall be made for mounting a composite leads disconnecto 

The di sconnect shall be provi ded with a release mechanism which will 
oper ate in con junct ion with the automatic release or manual release 
in the case of seat=man separation after ejection j or during normal 
exit from the cockpito 

DATE 

DATE 
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230 QJMPOSITF L EADS DISCONNECT ( continued) 

The installation of the disconnect and i ts allied equipment shall be 
so designed that it will not foul any of the crewrnans restraints during 
ejection and s hall not flail after seat=man separation. 

24e EJECTION HANDLE 

The e j ec t ion handle s ha l l be so designed that a single operation of it 
will initiate the ejection sequence ~ as defined in paragraph 3o It 
shall be so positioned on the seat that the minimum movement of t he 
crewman will ce required to grasp it from the position of his hands 

.,,........___ dur i ng his norms.l Juties o Oper ation of the control should require 

DATE 

DATE 

the minimum effort of the crewmanj when subjected to the accelerations , 
of paragraph 179 and should be so des igned that it cannot be inadvertant= 
ly operatedo 

The design of this control shall be such that it can be operated by the 
cr~man with either one or both gloved handso 

2 5 o SAFETY DEVICES 

Safety devices shall be provided t o prevent inadvertant firing of the 
seat under the following conditions i 

25.l For normal ground servicingo 

25.2 When operating the emergency canopy control~ This safety 
device shall be encorporated in the sea"t=firing sequencing of 
paragr aph 3e 

26 . EJECTION RAILS 

A set of ejection guidPs shall be supplied with the seat to be attached 
t o the aircraft structure as defined in paragraph llo They shall be 
sufficiently rigid to prevent excessive deflectionss such as would 
cause binding of thP rollers or slide blocks jcr allow the rollers to 
jump the rails j under loads implied by aircraft maneuvres or due to 
wind blast. The rails will prov~de the maximum length of guided stroke 
as is practicable in the cockpit& 
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27 o EJECTION WADS 

28 .. 

The limit loads imposed on the seat during eject ion by the gun or 
rocke t=catapult s hall not exceed 25G and shall not rise at a rate 
greater than JOO G/ Sec o 

These loads shall act through the centre of gravity of the man=seat 
combination~ within the envelope of paragraph 13j and along the line 
of action of the gun or cat apul to 

CR.ASH LOADS 

DATE 

Du<? t o a crash landini:; of t he aircraft the fo llowi!lf a:re the ultimate lo.: ds 
t be applied to the seat and crewman acting through centre- ~ gr-avity 
of the seat=man combi nation up to and inc1udingo 

1) 25G Forward + uG 

2) 32G Forward + 4G 

29. SEAT STRENGTH 

29.1 Limit Loads 

Sideways 

Sideways 

20G Down 

+ 8G Down 

Combined 

IndividUJ.lly 

The seat will be able to withstand without permanent set the 
limit loads applied to it during aircraft maneuvres~ ejection 
and free flight as defined in paragraph 17 ~ 27 and 18. 

29o2 Ultimate Load Factor 

The seat shall be designed to withstand ~ without failure, 
ultifr.a.te loads applied to it during aircraft maneuvresj 
ejection and free fli ght obtained by application of a factor 
of lo5 to the loads of paragraph 29ol, and, in additionj 
ultimate loads as speci fied in paragraph 28 ~ due to a crash 
landing of the aircrafte 
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JO. ,lliERGENCY OXYGEN SUP::'LY 

The seat will be fitted with an PmergPncy oxygen supply which will be 
switched automatically into operation when the seat is ejected. This 
supply will contain at least 20 minutes supply of 9xygeno 

31.e GEAR UP LANDING DEVICE 

As a de~ign aim the seat shall be provided with a device to prevent 
injury to the crewrr.an I s spine 1 due to impact of the aircraft on the 
ground 9 during a 1 gear=up 9 landing. This device need not be in 
operation during normal use and during ejection; but may be engaged 

,,,- , by the crewman prior to such a landing. The exact requirements for 
this device will be issued at a later date. 

DATE 

DATE 
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THE REQUIREMENT FOR ''LINKED 11 CREW ESCAPE FROM THE ARROW 

INTRODUCTION 

When a single place high perfromance aircraft must be abandoned$ the 

pilot need make only one major decision= to escape., To execute this decision 

he simply operates a firing handle which initiates an automatic ejection 

sequence., Once this decision has been made there is very little further 

delaye The entire escape sequence for the single place aircraft pilot should 

take only one second approximately from the time at which the pilot reaches 

for the firing handle to the time at which he is clear of the fuselage. 

The pilot of a tandem=crewed aircraft faces a more compleX situation 

however o When his aircraft must be abandoned he has first to order his 

observer to escape~ and as captain of the aircraft1 waits until the observer 

has ejected before ejecting himself. 

The events occuring within the Arrow tandem=crew escape sequence take 

an average of eight seconds approximately* to complete from the time at 

which the pilot connnences to order the observer to escape~ to the point in 

time at which both men are clear of the aircraft fuselage., However 9 this 

figure ( 8 seconds) ~an only be regarded as a best possible averagef for it 

was obtained under ideal conditionse In actual escape the time may well be 

* This average time for escape was obtain in a study of crew behaviour 

during simulated escape sequences 1 in the Arrow Mock-up 0 Rather better 

times were shown in some of the sequences measured1 but~ more important~ 

considerably longer ~imes were shown on others - the longest time 

measured was almost 13 seconds. 

DATE 
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extended f or the following reasonso 

(a) The observer may not understand the escape order., This could be 

because of the unexpected natt'q:I'e of the message 2 .. Also~ the spoken 

order may lose intelligibi lity 3 according to the stress conditions 

experienced by the piloto In these circumstances the observer may 

ask for the messave to be repeatedo 

(b) The observer may not agree with the pilot 0s order to escape and may 

debate the issue .. 

(c) The observer may refuse to eject o 

These reasons a.re valid 0 Incidents have occured in which pilots have 

met this type of response to their order to e j ecto This is understandable 

when one considers that escape by ejection is not without hazard and whereas 

some observers may be poised waiting to eject with alacrity9 others may quite 

understandably hesitate before resorting to ejectiono Perhaps the important 

difference between pilot and observer at titude to escape is that the pilot is 

constantly checking for malfunctions or conditions that may lead to escape and 

also is the only man properly abl e to assess these conditions. On the other 

hand the observer is really a passenger in this respect., Whereas he does a 

most important job as navigator and radar operator9 he is not concerned with 

the functioning of flying controls, engine etc.~ and almost certainly is often 

quite unprepared for the escape order 0 

The Significance of Short Periods of Time in Escape with Respect to the Arrow 

There are two clear reasons why delay in escape from the Arrow should be 

reduced as much as possibleo 

(a) The Aerodynamic reasono 

It has been predicted9 that in a small high EAS portion of the 

DATE 
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control or damping systern 9 the aircraft will corrnnence a yaw 

divergence whi ch will build up very rapidlyo In these circumstances 

crew escape ( ejecti on of both occupants ) must be executed within a 

period of approximately _th_ree seconds from the onset of the 

divergence~ Beyond this point in time the aircraft may suffer 

structural failure 0 

DATE 

(b) The low level r eason. 

There is ample evidence that aircraft have at times to be abandoned 

quite near to t he gr oundo 4 The majority of accidents occur during 

landing and take=ofC The reasons for escape near the ground vary:, as 

they do at altitude eog., loss of power 9 loss of control9 structural 

faih1re J control system failure 1 fuel shortage etc . .9 but the important 

difference is that when these incidents occur near to the ground it 

is pro_bable that very little time is available for the escape., This 

point is be ?t illustrated by two accidents to CFlOO aircraft. 

(1) The first incident concerns the aircraft which.9 during a low 

level high speed run at an air show9 exceeded the G~ 

limitation for that altitudeo From the time at which the 

aircraft wing tips failed structurally, to t he time at which 

the aircraft struck the ground, some ten seconds elapsed., 

After five seconds the pilot ejected1 but because of incorrect 

personnal harness adjustment~ stayed attached to the seat and 

was killede The observer was killed because he did not eject. 
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(2) The second incident concerns the aircraft which was lost at the 

1957 C. NoE~ waterfront rehearsalo This aircraft9 f •lown by an 

experienced CF=l OO pilot, fell in an inverted spin from a height 

of appr oximately 5~000 feet above the groundo It has been 

calculated t hat the crew had some twenty-five seconds in which 

DATE 

to escape (assuming that no spin recovery should be attempted at 

that low altitude)o Shortly before the aircraft struck the water 

one man ejectede The other occqpant did not ejectc Both were 

killedo 

It seems reasonable to assume that in both of these accidents, at 

some point in time beyond that at which the condition demanding escape 

occurred, the pilot ordered his observer to escape. This order must 

(as has been demonstrated) have taken time to execute& 

It is the purpose of this note to point out that had a "linked" escape 

system been installed in these aircraft ~= 

(a) All four men would certainly have been ejected . 

(b) All four men would probably have been ejected sooner, with a better 

chance of survival for three of them - the exception being the pilot 

whose personal harness was improperly connected$ 

(c) Both pilots would only have been required to make the decision to 

escape - no order to escape to the observer would have been necessary~ 
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A 11linked 11 escape system would be such that the pilot$ by operating one 

control,, would eject both the observer and in turn 9 himself,. Such a 11linked 11 

system could reduce total crew escape time to 2,,5 seconds" It would, however .9 

be necessary to provide complet e automatic restraint prior to ejection for the 

observer9 and in addition an override permitting independent observer escape. 

Several lives have almost certainly been lost in tandem=place.9 high 

performance aircraft in the past because total time for two men to escape is 

unduly long., This is particularly true with respect to incidents occuring near 

to the ground., Arrow crews face precisely the same escape situation~ plus the 

high speed problem mentioned aboveo One solution is to incorporate a "linked" 

system. This will 

(a) Reduce total crew escape time t o 2&5 seconds., 

(b) Permit the pilot to initiate crew escape by operating one control. 

(c) Eliminate observer hesitation or refusal. 
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