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1. Introduction 

2. 

1.1 This r eport presents the revised program for the development 
of the Arrow 2 Escape Sys tem with reference to the new State­
ment of Work , AD 53-Issue 2. 

L 2 It is intended to use the Arrow 1 Escape System as a basis 
and develop a linked system for the Arrow 2. 

1.3 Avro have prepar ed the requirement s for such a system and 
Avrocan Specif icat ion E-714 has been sent to the Martin­
Baker Aircraft Co. for quotation. 

1.4 The responsibility for developing this system will be given 
to t he Mart in-Baker Aircraft Co .· (Preliminary technical 
discuss ions were held.between Avro and Martin-Baker in 
August 1958). 

Work to be done by Mart in-Baker 

2.1 Avr o i s negot i at ing with Martin-Baker to modify the MK C-5 
Ejection seats to make them suitable for use with a linked 
system. 

2.2 Mart in-Baker will perform all the development tests on the 
seats for the linked system. 

2.3 Mart in- Baker do not intend to develop the high speed per­
formance of the MK C-5 seat; but rather to develop the 
MK A-5 seat and to incorporate these i mprovemen t s in the 
MK C-5 s eat. 

Work to be done by Avro 

Avro will provide technical assistance and l iaison with 
Martin-Baker as requirea.··to ensure a vigorous and effective 
p;ogram. Avro has sent a wooden mockup of that part of the 
front fuselage containing the t wo .cockpits to Martin-Baker, 
to aid them in their design work. 

Avro wil l send repre s ent atives to witness and obtain the data 
from rocke t-sled and tower tests conducted in the USA and the 
UK, on s imilar Martin-Baker seat s as part of their liais on 
funct;i.on. 
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3.3 Avro wil l keep in touch with other Escape Syst ems Development 
Programs now being conducted, to ensure tha t this program is 
abreast of t he best stat e of the ar t and engi neering . 

Test Program 

4.1 Avro will not conduct dynamic test or demonstration programs 
to evaluate the capabilities of t his system; but will r ely 
on tests made by Martin-Bakero Al so data wi l l be obtained 
on tes t s conducted by agencies on seat s of a simi l ar bas ic 
configuration, though they may not necess arily be suitable 
for use in a linked system. 

4.2 

4. 3 

Avro will do Sys tems Ground Tests and Qualif ication Tests to 
approve the ins t allation and S?und mechanical des i gn of the 
linked system . 

Sys t em Ground Tests 

A sea t will be placed i n an a ircraft cockpi t, t he 
gun will be repl aced by a tube. Wi th a 95th per­
cent ile man in the seat, it will be dr awn slowly 
up the t ube. The operation of 1the head , shoulder, 
arm and leg restraints will be checked and with all 
these r estraint s ful l y operative, a check will be 
made t ha t the crewman is able to opera te t he fir i ng 
control and t he r estraint manual release. The 
operation of Composite Leads Disconnect , the 
Di stres s Si gnal Device and any other r el evant 
m~chanism, sequence and clearances shall be checked. 

The tests of paragr aph 4.3.1 will be r epea ted 
with a 5th percentile man and conducted i n both 
the Pilot's and Obser ver's cockpi t. 

With the canopy cartridges and t he primary seat 
cartridges no t i ns t alled, the ejection sequence 
will be initiated. The f orces required to remove 
t he s ears from the firing mechani sms and the oper­
ation of the_pilot's gas gener ator time del ay will 
be checked. The times of the various phases in the 
sequence will be recorded and exa~i ned • 

DATE 

DATE 



• AIRCRAFT: 

• 

• 

W K AVRO AIRCRAFT l/MITEf} 

MALTON - ONTARIO 
REPOR T NO, _ 

SHEET NO, 

12/Syst ems . 24/205-2 

TECHNICAL DEPARTMENT 

Title : ARROW 2 ESCAPE 
SYSTEM DEVELOPMENT 

PROGRP~i - ISSUE 2 

PREPARED BY 

CHECKED BY 

Qualification Tests 

4.4.3 

Adequate rig test i ng of the canopy emer gency 
actua t ion system has already been carri ed out , 
referenced: Canopy Funct ioning 'rests Avr o, A.T . R. 
No. 2472/1 etc. A series of t es t s however , will be 
carried out to check the perfor mance of the delay 
f or the Pilot's Gas Generator , over the tempe r atur e 
r ange -65°F to 200°F . 

The se~t shall be exrunined and given an oper a t i onal 
check. This will consis t of : r unning the seat 
up and down the r ails; actuating and measuri ng 
the time delay ; actuating and t i ming the dr ogue 
gun delay mechanism; checking the seat pan vertical 
ad j us t ment me chanism; and operating the manual 
release . 

The seat shal l be soaked a t 200°F f or 8 hours and 
then t~sted as in par agraph 4. 4.2. 

The seat shall be soaked at -65°F fo r 8 hours then 
brough t to - 30°F and t est as in paragr aph 4. 4.2. 

The seat shal l be given a vibrat i on tes t accordi ng 
to Avrocan Specification E266 and then t ested as in 
paragr aph 4.4.2. 

The seat shall be given a "Sand and Dust" t est a s 
in E-266 and t ested as i n par agr aph 4.4 . 2. 

The seat shall be given a. "Salt Spr ay" te s t a s i n 
E-266 and tes t ed as in par agraph 4.4.2. 

The sea t shall be given a "Fungus Test " as i n 
E-266 and then tested as in par agraph 4. 4 .2. 

Evidence on the str uctural capabiliti es of t he seat 
wil l be r eques ted f rom Mar tin- Baker . I f th i s is 
not available, the test in paragraph 4 . 4.10 wi ll be 
conduc t ed by Avro . 

DATE 

D,ATE 
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The seat shall be pl aced in a rig and shall witli­
stand, without per manent set t he loads derived from 
paragraph 5.5,6 . 1 of Avrocan Specifi cation E-714 
using a 95th percentile rnan , and without s truct ural 
failure, the ultimate loads similarily derived 

DATE 

DATE 

from paragraph 5.5.6.2 of E-7140 The sea t shal l then 
be tested to destruction. 

5. Tests on other system~.! to be conducted by Avro 

I n the original program presented in 72/ Systems 24/205 Issue 1, 
Avro intended to conduct a series of d.;rnamic tests t o 
evaluat e and demonstrate the capabilities of the system . 
The U. S. Navy are carrying out such tests on escape systems 
which use Mart~n- Baker MK .5 seats, partl unsuitable, how­
ever, for use i n a linked system. 

5.2 Detailed descript ion of t he progra.njs to be carried out on 
s i mi l ar Martin-Baker seats is no t yet known to Avro, but an 
attempt will be made to evaluate the capabi lities of Avro's 
system by applying tho s e parts of the test r esults of 
par agraph 5, 1 as can be cons i dered applicable. 

5.3 The type of these tests wil l be: 

Tower Tests a t N.A. M. C, Philadel phia 

Rocket Sled Ejection Te s ts up to 700 knots E.A.S. 
at Hurricane Mesa. 

6 . Presentation of Results 

6.1 The results of all the tests of par agraph 2.2 , 4 and 5 will 
be r eviewed and will be used by Avro1 to a ttempt to def ine 

6.2 

b_y engineering judgement and analysis the capabilities of 
the Escape System. 

The pr esentation of t he result s of t his progr am wil l take the 
form of two envel opes: one in wh~ch the structural integrity 
of the escape system shall be mai nt ained;' and one in which 
the crewman will not be subjected to conditions more severe 
for aircrew duri ng escape than the R.C. A.F , phys iologi cal 
tolerances. 
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6.3 Obviously t his program lacks t he quantative data provided by 
the original pr ogr am, ref er ence 72/Systems 24/205 Issue l; 
but it is consistant with efforts t o pr ovide a suisable 
system at minimum cos t . Avro will have no control over the 
type and conditions of some of the tests and, as Avro's 
hardwar e and r equirements di ff er in d~tail f r om those of 
other users of Martin-Baker MK 5 seats, s ome areas may only 
be covered by extrapola tion and engineeri ng ~udgement. 
Table 1 shows how this will be achieved. ' 

Co13c).usion 

The escape syst em produced by this pr ogram will be of the s ame 
quality and performance as i t would have been under the pr evious 
program. However, the added i nsurance of a compl ete eval uat i on 
program and th e consequent iqputsto i ts devel opment will be los t • 

The known data and expected l imitations of the system are contained 
in Re port No. 74/Systems 24/311 (pendi ng of completion) , which wi l l 
be. revised periodically as more information becomes available . 

DATE 

DATE 
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TABLE 1 

INFORMATION LOST 

(1) Tower tests on Quant at i ve data on 
Martin- Baker 
MK A5 seat. 

(2) System Ground 
Test 

(3) Martin-Baker 
development 
tests 

MIT Wind tunnel 
tests on a man­
seat configura­
tion, .096 full 
scale 

the effec t of the 
RCAF survival pack 
on spi nal acceler-
ations and cockpit 
clearances. 

Stability , tra..:. 
jec t ory and alti­
tude versus time 
rel ationship i n 
free fli gh t a t 
al t itude fo r the 
Arrow configura­
tion. 

Sys t em Ground Test Ej ection s equence 
tests and cockpit 
clear ances from 
an actual ai rcraft 
under seat dynamic 
conditions . 

INJ<,ORMATION AVAILABLE 

(1) Performance of 
the ejection gun 
under conditions 
of var yi ng 
weight s and 
tempera ture. 

(2) Oper at i on of r es-
traints. 

Drag and pitching 
moment char acteristics 
of a s i milar seat at 
subsonic, transonic 
and super sonic speeds. 

(1 ) Simul a ted e jection 
sequence 

(2 ) Non-dyna.ll) ic cock­
pit clearances. 






