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GENERAL INFORMATION 



AVRO A I RCRAFT l/ MI TED ► -------------------------AV RO AR ROW 

1.0 INTRODUCTION 

1. 1 SCOPE OF QUARTERLY TECHNICAL REPORT 

This is the fourth Quarterly Technical Report on the A VRO ARROW aircraft 
project. The object of the report is to inform the Canadian Government of 
technical development of the project during the three months period ending 30 
June 1958. 

The report presents a description of work performed and the results obtained 
in the design and development activities of the project; it summarizes technical 
progress, changes and problems, in all phases of the program during the 
report period. The text is divided into seven major sections which cover 
design, testing and d evelopment. 

1. 2 THE ARROW 

The ARROW is a high altitude, supersonic interceptor of advanced design, 
being developed by Avro Aircraft Limited at Malton, Ontario. 

There are two versions of the ARROW; the ARROW 1, designed to RCAF spec­
ification AIR 7-4 Issue 3, and powered by two Pratt & Whitney J75 turbojets. 
The ARROW 2 is being designed to RCAF specification WSC 1-2, and is pow­
ered by two Or enda Iroquois turboJets , The ARROW 1 is normally considered 
as an unarmed a i rcraft used for development purposes, but one aircraft 
(25203) will be equipped with a weapon pack for simulated air vehicle (SA V} 
missiles . The first five aircraft will be ARROW 1 and subsequent aircraft 
will be ARROW 2, 

Both ARROW 1 and ARROW 2 have essentially the same basi c configuration 
but the more powerful engines of the ARROW 2 will give it superior perform­
ance. The ARROW 2 is designe d to operate at altitudes up to 60, 000 feet and 
speeds in excess of Mach 1. 5. 

1. 3 BRIEF DESCRIPTION OF ARROW AIRCRAFT 

The ARROW 1 carries a crew of two, pilot and flight observer , in a pressur­
ized and air conditioned cockpit, which is equipped with two split clam-shell 
type canopies and automatic upward ejection seats. 

The airframe is an all-metal stressed skin structure and consists of the 
following major sections : The radar nose, front fuselage, centre fuselage, 
duct bay, engine bay, rear fuselage, inner and outer wings, elevators, 
ailerons, fin, rudder and speed brakes, The elevators and ailerons are 
hinged to the wing trailing edge, forming part of the wing area, The rudder , 
e levators and ailerons, are split at about their mid-span position in order to 
alleviate control surface buckling when the surfaces are moved under deflec­
ted wind and fin conditions. The landing gear is an electrically-controlled, 
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hydraulically-actuated tri c ycle type, with the mai n gear retracting inward 
and forward into the inner wing. The s teerable nos e gear retracts forward 
into the front fusela ge. 

The landing gear, wh eel brake s, nosewh eel steering and spee d brakes are 
actuated by a 4 ,000 psi utility hydra lie sys tem. A compres s e d a i r syste m 
is available for emergency lowering of t h e la nding gear. The fu lly powered 
and irrev e r s ible flying c ontro l sur fac e s a r e operated by a separate 4, 000 
psi hydraulic s ystem c onsi sting of two c omplet e ly indep endent circuits. 

Power fo r t h e electrical s y stem is provid ed by two e n.gine.1 -driven a lternators 
with c onsta nt speed drive s fo r a lte rating current , and t wo t Eansforme r­
rectifiers fo r conversion to dir e c t c u r r ent. 

Where necessary space in the r ada r nos e and weapon bay is utilized for 
test equiprnent and instrumentation t o enable t h e development aircraft to 
carry out thei r desi gnated r o le as fli ght test vehicl es. 

The external configuration of the ARROW 2 i s b asically the same as that of 
the ARROW 1. However , t h e re are m a jor in t e r nal d iffe r enc es, namely t h e 
weapon pac k carrying four Sparr ow 2D air-to - air guided m i ss iles, inst all­
ation of the ASTRA I electronic s y sten:1, a nd repl a c ement of the J 75 engines 
with Orenda Iroqu ois engines, Pr ov i s i on is made for a j e t tisonabl e external 
fuel tank, and the mechani cal prop o r tioner type fue l s y stem used for centre 
of gravity contr ol on t h e ARROW 1 i s repl aced by an e l e ctrically c ontrolled 
sequencing s ystem , 

1, 4 FIXED DIMENSI ONS AND GENERAL DAT A 

CHARACTERISTI CS : 

Length of aircraft ( exd u d m g p rob e) 

Height of aircraft over h i ghest portion of fm 
Ground angle (Angl e between air craft refer-

ence line and gr ound static lin e) 
Tread of m ain wh eels 
Wheel base 

WINGS : 

Wing area ( including ailerons, eleva t o r s a nd 
390. 5 sq ft of fus e lage and not including 
28. 63 sq ft of extende d l e ading e dge) 

Span 
Chord - Ro t 

Construction tip 
Mean Aerodynamic Chord 

ARROW 1 and ARROW 2 

(77 ft 9, 65 in (S ee Note 1) 
(76 ft 9. 65 i n ( See Not e 2) 
2 1 ft 3, 0 in 

4 . 55 deg r e e s 
25 ft 5. 6 6 in 
30 ft LO in 

1, 2 2 5. 0 sq ft 
5 0 ft 0, 0 i.n 
45 f t 0. 0 in 
4 ft 4 . 9 in 
30 ft 2,61 in 
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Capacity 
I mp .Gal . Li t res 

252 I I 45 
25·1 11 55 
15 l each 686 
90 each 409 

146 each 664 
154 each 700 
279 each 1268 
17 3 Pelch 787 
500 227 3 
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AVl/O All/Cl/AFT LI M ITED 
- '1------------------------- A V RO A R no W 

CHARACTERISTICS 

Airfoil section - Inner wing profile 
- Outer wing profile 

Camber 
Inc idence - At root 

- At construction tip 
Anhedral of chord plane 
Aspect ratio 
Taper ratio 
Thi ckness rati o - parallel to <i, of aircraft 
Sw e epback at 25% chord 

AILERONS: 

Aileron area (aft of h inge line) - Total 
Span 

ARROW 1 and ARROW 2 

NACA - 0003. 5-6-3. 7 (Modified) 

{
NACA - 0003. 5-6-3. 7 (Modified) 
NACA - 0003. 8-6-3. 7 (Modified) 

. 0075 (Modified) 
Zero degrees 
Zero degrees 
4. 0 degrees 
2. 04 
o. 0889 
3. 5 and 3. 8% 
55 degrees 

Chord (average percent of wing chord) - Root 
- Tip 

66. 55 sq ft 
10 ft O. 0 in 
25. 7 35 
35. 0 

ELEVATORS: 

Elevator area (aft of hinge line) - Total 
Span 
Chord (average percent of wing chord) - Root 

- Tip 
Vertical ta i l ar e a ( including rudder) 
Span 
Chord Root 

106. 90 sq ft 
10 ft 2. 0 in 
14. 109 
25. 735 
158.79sqft 
l 2 ft 10. 5 in 
19 ft O. 0 in, 

5 ft 8. 0 in 
13 ft 6. 41 in 

Construction tip 
Mean aerodynamic chord 
Airfoil secti on 
Sweep Back - Leading edge 

NACA - 0004-6-3.7(Modified) 
59. 34 degrees 

Aspect ratio 
Taper rati,o 

- Trailing edge 
- 1/ 4 chord 

Thickness ratio (parallel to aircraft datum) 
Rudder area (aft of hinge line) 
Rudder - Span (average) 

- Chord (average percent vertical fin 
chord) 

SPEED BRAKES: 

Speed brake area (2) - Projected 
Span (each) 
Chord 

33, 08 degrees 
55. 0 degrees 
1. 04 
0.2982 
4.0% 
38. 1 7 sq ft 
9 ft 11. 0 in 

30. 0 

14. 37 sq ft 
2 ft 1. 08 in 
4 ft 1. 0 in 



AVNO AINCNAFT LI M ITED 

CONTROL SURFACES AND CORRESPONDING CONTROL MOVEMENTS 

CHARACTERISTICS : ARROW 1 and ARROW 2 

Ailerons: Up and Down 
Elevators: Up 

Down 
Rudder : Left 

Right 
Speed Brakes 

Surface Movement 

19° 
30° 
20° 
30° 
30° 
60° 

Note 1. Aircraft 25201, 25202, 25203 

Note 2. Aircraft 25204 and subsequent aircraft 

Control Movement 

4r 98 i n 
Aft. 6. 63 in 
Fwd. 4. 37 in 
Fwd. 3. 28 in 
Aft. 3. 03 in 
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2. 0 WEI GHT AND CENTRE OF GRAVITY 

2. l ACTUAL WEI GHING - AIRCRAFT 25201 

An actual wei ghing of aircraft 25201 , in accordance with the RCAF require­
ments stated in CAP 479, chapter 30. 03 ( 5) , has been obtained. The results 
of t his weighing will eliminate the need for weighing the aircraft before each 
flig ht, except when a weighing is specifically requested. All weight changes, 
due to modifications or alterations to the aircraft, will in future be applied 
to the empty weight obtained by this a c tual weighing. 

A comparison of estimate d and actua l weight and balance data for the op era­
tional weight empty {less trapped and residual fuel) is as follows : 

Weight ( lb. ) 

Centre of Gravity (inches 
from nose datum) 

Estimated 

49100 

539.92 

Actual 

48923 

540.20 

The estimated weight given i s derived from the basic weight recorded in the 
fmal monthly weight and balance report for airc r aft 25201 (Report No. 
7-04 00 -44 Issue 16, Aircraft 252 01 Weight and Balance, April 1958). 

The a i rcraft basi c weight obtaine d from this weighing, and which will be used 
i n the preparati on of F light Test Weight and Balance reports i s 48378 lb, The 
corr e sponding centre of gravity po sition for corresponding to this weight i s 
lo c a ted 543. 97 inches fr om the nose datum. 

2. 2 ARROW 2 WEIGHT AND BALANCE 

The ARROW 2 w eight h i story is shown in Figure 3. A summary of current 
weights is given in Table 1, with appropr i ate foot -notes to explain the weight 
c hang e s which have oc curred during this quarter. Weight accounti ng , as 
used in the fo ot -note s, refers to recorded weight chang e s arising from m inor 
des i gn changes, revi sed wei ghts obtained fr om producti on d rawings, a nd the 
incorporation of actual weights or vendo r -quoted weights . Significant weight 
changes occurring for reasons other than normal w eight a ccounting a re 
e x plained by more d e tailed foot-notes. 
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TABLE l - STATEMENT OF WEIGHT 

ARROW 2 - OPERATIONAL AIRCRAFT 

I Weight - Pounds 

Present Previous Change Notes 
I 

Structur e 19163 I 19161 + 2 ( a) + 2 

I Landing Gear 2658 2584 + 74 (b) + 74 

Power plant and services 10814 10800 + 14 (a) + 9 
( c) + 5 

Flying controls group 1932 1927 + 5 I ( a) + 5 

Fixed and removable equipment 9094 8916 + 178 I ( a) + 103 
( d) + 41 
( e) + 38 

I ( f) + -4 
! 
I 

+ 213 I Basi c Weight 43661 43388 

Useful load (less fuel) 2799 2799 

Operational weight empty 46460 4 6 187 + 273 

Normal combat mission fuel 17605 17530 + 75 ( g) + 7 5 

Normal combat weight 640 6 5 6 37 17 + 348 

Notes : ( a) Weight accounting. 
(b) Anticipated increase for main la nding gear wheels equipped w ith 

higher capacity brake s , 
(c) 

( d) 

( e) 
( f) 
(g) 

Change from an integral to a separate constant-speed drive oil 
system. 
Introduction of retractable snubbers for the main landi ng gea r 
doors . 
Introduction of anti- ski d system. 
Reclaimed unusable fuel. 
Due to increase in operational w eight empty. 
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AVRO AIRCRAFT 1/ M /TED 

3o O PERFORMANCE 

3o 1 ARROW 1 

3o 1 o 1 FLIGHT TEST ANALYSIS 

3, L L 1 Gene ral 

An analysis of the t ake - off s and landings for the first nine flights of aircraft 
25201 has been completed, 

During these fli ght s, no attempt was made to obtai n optimum take-off and 
landing p erformance, The test result s however , will confirm or d i spute 
t he estimate d take-off and landing distances, and should ass i st in establishing 
a practical p iloting technique, 

From photographed t ime h i s torie s of hei ght and runway distance, ground 
speeds and accelerati ons were calculated by first and second derivatives of 
the time versus distance curveso The true a ir speeds and lengths of run 
were corrected t o standard sea-level condit i ons , zero w ind and z ero runway 
s lop e, and are referred to as "flight test" datao 

3o L 2 TAKE - OFF 

3, L 2, 1 Grou nd Run 

At an average take -off wei ght of 65, 750 pounds, and with afterburners ofJ. , the 
average estimated and the av erage flight test ground runs were 3, 750 feet 
and.4, 452 feet resp ectivelyo This i n crease over the estimated ground run is 
attr ibuted to high unstick spee ds , which wer e approximately 30 knot s h i gher 
than estimated , 

3, L 2o 2 A ir D istance to 50 Feet 

With the conditions noted in p ara, 3, L 2, 1 the a ir d i stances to a h eight of 
5 0 fto were consid erably shorter t han estimatedo ( estimated - 6 ,300 feet; 
fli ght te st - 2,715 ft,), In t h i s c ase the shorter d i stanc e is due to the total 
effect of maintaining a low acceleration, c ombined with a mor e rapid climb, 
and also h i gher unstick speeds, Thi s resulted in an i n creased net acceler -
ating force, s in ce total drag is con siderably reduc ed at the lower angle of 
attack associated with the i n creased speed, 

3, L 2o 3 Total D istance to 5 0 F eet 

In all flig hts with afterburn ers off, the shorter a i r runs more than offset the 
longer ground runs, resulting i n approximately 30% shorter total d i stance to 
50 feet than h ad bee n estimated , 
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3. 1. 3 LANDING 

3. 1. 3. 1 Air Distance From 50 Feet 

For the first seven flights, the average air distance from 50 feet to touchdown 
was approximately 38% shorter than estimated (estimated - 2,670 feet; flight 
test - 1,983 feet, at an average aircraft weight of 53, 650 pounds). Flights 
number eight and nine had longer air runs, the average of which was approx­
imately 12% more than had been estimated. These two flights had long float­
ing periods prior to touchdown, at which point the aircraft speed was approx­
imately 15 knots over the estimate, 

3. 1. 3. 2 Ground Run 

The lengths of ground runs were not obtained, as the aircraft was not brought 
to a full stop after landing, and no attempt was made to achieve maximum 
braking. 

3. 1. 4 REMARKS 

The considerable difference between estimated and flight test speed (the latter 
being the higher) , for both take-off and landing, is probably a good indication 
of the overall position error (with ground effect) and/or the pilot ' s choice of 
attitude to obtain better v i sibility. 

Flight test results have been used to modify the existing input data and non­
dimensional curve s, which are used in the process of e stimating performance. 

3. 2 ARROW 2 

3. 2. 1 ZOOM CEILINGS 

An investigation has been completed to a s certai n t he gain in altitude which 
could be achieved by the ARROW 2 through zoom climb tact i cs. This has 
revealed that for all supersonic initial spe eds within the flight envelope and 
with afterburners operating , the maximum altitudes reached dur ing a zoom, 
represent a consi derable increase over the lg power limited ceiling, with a 
maximum increment of approximately 12, 000 feet. 

With initial speeds of Mach 1. 0 to 1. 5 , the maximum altitude wh ich can be 
reached in a zoom climb , with continuous afterburner operation, is limited 
by afterburner flame-out. The zoom ceiling i s limited by afterbur ner flame­
out first, and beyond thi s point, by the elevator tr im limits or buffet. Of 
course, z oom ceilings could be increased if zooms were continued after 
flame-out of afterburner s , until limited by elevator tr im limits or buffet. 

Several zoom case s have been considered to d etermine the optimum initial 
load factor and angle of climb for the greatest gain in alti tude, (from var i ous 



AV/1O AIIICIIAFT l/MITEO 

------------------- AVR 

i.mti al Mach numbers and altitudes ). The initial load factors were held only 
until the de s i red climbing angle was established, after which they were 
reduc e d t o normal. The angles of climb used in the calculations were 30°, 
20° and 10°, In every case the 10° climb angle gave the maximwn zoom 
hei ght inc:rernent and in general , close to the minirnwn time taken to reach a 
given a ltitude, 

Figure 4 s hows that, s art 1ng w i th an initial Mach number o f 2, 0 at the lg 
power limit ed ceiling of 58, 000 feet, the ARROW 2 can be zoomed, with a 
L 5 g initia l l oad factor, to an a.ltitude of 70, 000 feet and L 65 MN. At this 
a ltitude, a fte r bu :rner flame - out will occur , For a starting Mach number of 
1. 5 a t t he lg powe r limited ceiling of 57, 500 ft., and with an initial l. 25g 
load fac t or, t he aircraft can b e zoomed to an afterburner flame-out altitude 
of 62 , 000 fe et and a Mach number of l. 3. If no flame -out i s assumed, this 
c eiling can be rai sed to the 1. 2g buffet limit at 67, 000 feet and a Mach 
number o f 1. l. 

As shov.'ll on t he graph (Figure 4), t he aircraft, with present afterburner 
flame-o ut lim itations , c oul d maintain an altitude of 65, 000 feet for 2. 43 min­
ute s , starting at L 79 MN and finishing at 1. 43 MN. 

3. 2, 2 NH CON'TROL EFFECTS 

Avro ha s b een a dv· s e d by Or enda , t hat t he "over s p eeded" Iroquois engine, 
w i th the NL ( lo w pr e ssure compressor speed) governed control system, will 
b e rep laced by en gines having a NH (hi gh pressure compressor speed) gov -
ern e d contr o l s ystem. An a n a ly s i s of the e ff e c t of t his control system change 
has revealed that t h e p erfonna nce of the ARROW 2 p r opulsion system will 
d ete riorat e with a n y in c reas e o ver 2 88°K in the fr e e stream temp erature, since 
only at thi s temperature i s rnaxim um RPM pos s ible on both rotors at the same 
ti m e, 

A t. M = L 5, at 5 0 , 000 feet, t h e loss i n propul sion system net thru st 1s 0, 5% 
where T (free stream temper a t ure) = 314°K. Thru s t loss tends to increase 
to a ppr oxu n ate ly 4 % between M = 2 . 0 and M = 2 , 3, at 50 , 000 feet where T 
i s gr eat er than 39 0° or le ss than 4 46°K. Howev er , the s e losses b _eyond 
M = 1. 5, may be r educed by t h€ installati on of a T-bias along with.the NH 
control. R eference: 72/INT . AERO/1 6 - Loss in Thrust of Iroquoi s Instal­
lation with NH Control rath er t han NL "Deluxe" Control. - May 1958 

3. 2 . 3 DISTORTION LEVELS AT COMPRESSOR FACE 

An inve s ti gation 1s 1n work to determine the extent of the variation in pres­
sure over t h e engine compres s or face, and the influence of such variations 
on th e propul s i on s ystem performa n c e d 

A i r £1.ow dist urba n c es ar i sing .from sh ock wave s , and thei:t interaction with the 
r amp boundary layer, plus the forced change i n airflow direction at the in take 
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throat, g ive rise to irregularitie s in the total pressure pattern across the 
intake a i r flow. These are partially reduced by the intake duct length. How­
ever, other disturbances are i ntr oduced by duct bends, sensing devi ces , 
reversed scoops etc., so that the final pressure pattern over the compressor 
face is v ar i able. A measure of this variati on in total pressure is referred 
to as II distortion". This may be defined as the difference between the max­
imum and minimum total pressures and is expressed as a percentage of the 
average total pressur e over the compressor face , exclu ding the boundary 
layer regions at the nos e bullet and duct wall. 

Two effects ari sing from pressure d i stortion are induced rotor blade vibra­
tion and local "hot spots" t hrough the engine , Therefore, to prolong engine 
life, distortion leve ls mist be minimized. No figure has yet been established 
as an acceptable leve l for the Iroquois Ser i es 2 engine, 

The distorti on ex p e cted on the ARROW 2 has been estimated from thrust cal­
culations and experimental data us i ng 1/6th and 6/l0th scale model tests. 
It has b een shown t hat t h e d i stortion level w i ll not exceed 12% for afterburner 
off and full a fter burner on cases, at maximum RPM and throughout the flight 
envelope. The distortion level at subsonic and supersonic cruise w ill also 
be kept to within 12% by reducing the bypass flow restrictor area. Orenda 
requires that the restr i ctor b e relocated, and the modifi cati on to reduce the 
restr ictor area can be m a de at the same time, 

3. 3 TACTICAL EVALUATION 

3, 3. 1 DIGITAL COMPUTER PROGRAMS 

M i d cours e Guidance Under Sage Control - The mathematical model for this 
study i s n ear ing completion , and the p rogramming for IBM 7 04 comput ation 
should be completed during t h e next quarter. 

T erm inal Phase Evaluation - The programming for thi s study is nearly com­
plete a nd c omputer results will be available shortly. 

3. 3. 2 EFFECT OF ST EERING LOOP GAINS ON INTERCEPTION 
CAP ABILITIES 

The Quarterly T echnical Repor t for March 1958, stated that the s t eering loop 
gain could be reduc e d to one-quarter of its present value, without loss of 
tactical effectiveness. Thi s has not b e e confirmed by a n extended study of 
c onsi d erably increased scope, The statistical analysis of a large a mount of 
dat a has shown that the conversion probability falls off very sharply if the 
gain is reduced b e low one-half of its pr e sent value. However, the earli er 
conclusions were confirmed c onc erning the i ncreas e of firing errors with the 
reduction of the gain . Investigations have only bee n c onducte d on the Spar row 
missile, a nd the res lts do not therefore give quantitative evid e n ce c oncerning 
Genie, However, they do indicate that it may be imposs ible to a chieve th e 
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accuracy required for the launch of Genie in the automatic mode, for any 
amount of steering loop gain. 

3. 3. 3 SEEKER LOCK-ON RANGE REQUIREMENTS FOR THE SPARROW 2D 
MISSILE 

On 30 June 1958, U.S. contracts on the Sparrow 2D missile development and 
testing program will expire. The subsequent development of this missile 
system will be largely Canadian sponsored. In view of this, and since the 
missile system did not meet the original specification, it has been suggested 
that a new specification be written to define the performance required for 
the ARROW weapons system. (Ref. Report No. 72/Tactics/l 1, Seeker Lock­
On Range Requirements for the Sparrow 1242D Missile, June 1958). 

An investigation has been made to determine the minimum values for missile 
seeker lock-on range,which will enable the missile to function as suitable 
armament for the ARROW 2 aircraft. 

It is considered essential that the lock-on range, and the lock-on detection 
delay in non-automatic operation should be made compatible with attack 
capability at all aspect angles ; ( this angle being between the line of sight 
from interceptor to target, and the target's direction of motion). 

3. 3. 4 IFF BLIND REGIONS 

The location of the X-band antenna in the vertical fin is s uch that the down­
w ard cov erage by the APX-27 IFF transponder is limited in t h e forward 
hemisphere. In addition, a blind area exi sts below the aircraft, in which 
no response to IFF interrogation from another interceptor is possible. As 
a result, a condition may arise in which one aircraft, operating in the blind 
region of another, may attack the other, assuming it to be hostile, in the 
absence of a correct respons e. 

Reference : Para. 7. 5 . 9 , Quarterly Techni cal Report - 31 March, 1958. 
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4. 0 STABILITY AND CONTROL 

4. 1 STABILITY AND CONTROL DIGITAL ANALYSIS PROGRAMS 

A series of programs has been prepared to facilitate flight test data analysis 
by automatic means. and to reduce the need for the manual handling of such 
data. These programs will determine, by digital computation of recorded 
flight data , the aerodynamic derivatives which govern the transient or oscill­
atory response of the aircraft, due to control motion. 

The present response analy sis programs include lateral and longitudinal air­
craft motions for t h e natural aircraft and the normal and emergency damping 
modes. The se programs may eventually include all degrees of freedom 
simultaneously for the various modes. 

Provision has been made to adapt these programs to flight cases where certain 
channels of information may be missing, due to sensor or recording equip­
ment malfunction. This will be accomplished by utilizing digital techniques 
of differenti ation and integration. 

These programs have only a limited application to the early flights of the 
ARROW, since full instrumentation is not yet available. In addition, the 
d i gitiz ing equipment, designed to work with data tape, is not yet in operation 
and therefore, the fu lly aut omatic analys i s of data cannot be made. However, 
by the manual ins e r t ion of flight recorded data into these programs some 
r e sults will be obtained, when minimum instrumentation requirements are 
met. 

4 . 2 DAMPER SYSTEM 

Diffic ulties hav e b een e ncountered in the roll and pitch damper. 

The dynamic response of the differenti al s e rvos was found to be inadequate 
due to the linkag e elasti city and r equired modification. Further tests and 
e v aluations are in progress . 

An interim soluti on ex ists for the stick steering mode oscillati on problem. 
An experimental ele ctronic filter was introduced into the circuitry and 
acceptabl e results were obtained. Certain characteristics cannot be repre­
sented fa ithfully on the test rig, and it will be ncessary to confirm these 
results on the aircraft, by performing a simulation test with the aircraft 
connected to the computers. A filter, designed specifically to eliminate 
stick oscillation, has been ordered from Honeywell, but delivery is not 
expected until December 1958. Effort;; to improve the characteristics of the 
experimental filter will continue, so that damper dev elopment will not be 
delayed. 

An investigation has been made to determine the causes of a persistent 1 cps 
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os<?illation in the normal and emergency yaw dampers , The oscillations are 
of varying amplitude, depending on the flight condition. Although not critical 
from any point of view, they are an undesirable characteristic, and result in 
small lateral accelerations, noticeable to the pilot. 

The possible causes of these oscillations could be related to the following: 

(a) A too-sensitive aileron feel. 

(b) Electronic filter characteristics. 

( c) Lateral accelerometer location and mounting, 

(d) Variati ons in aerodynamics derivatives. 

(e) Variati ons in damper settings. 

(f) Quadrature rejecti on circuitry in the damper. 

These points have been investigated in detail on the flight simulator. and it 
was found that by moving the lateral accelerometers to a forward position the 
oscillatory tendency could be reduced. In order to determine the optimum 
location for the accelerometers, a thorough examination of the damper was 
made over the entire fl i ght envelope. This change of position was made on 
aircraft 25201 and flight evaluati on was satisfactory. 

4. 3 OBJ ECTIVES OF THE FLIGHT TEST PROGRAM 

The overall object ive of this fli ght test p r ogram is to demonstrate that an 
acceptable pilot - controls - aircraft combination has been achieved. The 
particular objectives are as follows: 

(a) To demonst rate that the control system is mechanically satisfactory. 

(b) To demonstrate that the feel and trim characteristics are acceptable 
in all control modes . 

(c) To demonstrate that all required manoeuvres can be performed safely, 
from the control standpoi nt. 

(d) To demonstrate that the damping system equipment is free from oscil­
lations or spurious s i gnals and i s compatible with the emergency 
control mode. 

(e ) To demonstrate that damper action results in proper co-ordination and 
damping during manoeuvres. 
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( f) To demonstrate performance of limiting devices where practical. 

(g) To investigate the in-flight effects of partial failures in the damper 
system. 

(h) To demonstrate compliance with Military Specifications on aircraft 
handling and structural integrity. 

The program has been arranged into one continuous project to combine the 
testing of the principle areas of interest: 

4. 3. 1 FLYING CONTROL DEVELOPMENT TESTS 

Evaluation of pertinent control system characteristics can be conducted 
simultaneously with the stability and control test, General flying, under 
various flight conditions will provide all the information required. 

4. 3. 2 STABILITY AND CONTROL ASSESSMENT TESTS 

The main objective of these tests is to evaluate stability derivatives. In 
order to accomplish this , a number of specific manoeuvres are required. A 
similar type of manoeuvre is required at each of approximately 1 7 selected 
Mach number and alt itude conditions. 

The extent of these tests depends on agreement of flight test data with pre­
d ictions. Should a reasonable agreement be obtained at a relatively small 
number of t e st p,o ints throughout the flight envelope, the amount of testing 
will be reduced to a minimum. 

4, 3. 3 DAMPER SYSTEM DEVELOPMENT TESTS 

For the purpose of damper development, the flight envelope of the ARROW will 
be represented b y t en fl i ght conditions agreed to by AVRO and Honeywell. 
The damper performance will be examined in detail at these flight conditions 
and the test results will b e projected into the remainder of the flight envelope, 

4. 3.4 STRUCTURAL INTEGRITY DEMONSTRATION 

Since only a limited amount of structural integrity instrumentation will be 
available, i t w i ll not be possible to extend the demonstration to full design 
limits. Due to controllability conditions, each manoeuvre will be investi­
gated in detail on the flight s imulator. This investigation will be based on 
flight test aerodynamic data previously obtained. A step by step method 
wi ll be applied in which the results from t he first tests will be extrapolated 
analytically to provide an exact prediction for the next step. Particular atten­
t i on will be paid to the rolling pull-out type of manoeuvre. Due to cross 
coupling effects, this manoeuvre tends to produce large structural loads in the 
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majorit y of flight conditions, while in the dampers-off configuration. The 
normal damp e r mode will be used in these tests so that excessively large 
loads will be avoi ded. An exact knowledge of damper performance is 
therefore required for these tests, together with firm predictions as to the 
behavi our of its limiting devices. 

These topic s have been combined so that the entire program can be executed 
economically. Flight test information is required simultaneously on all the 
forego i ng top i cs in order to proceed with development in the most efficient 
manner. In addition, in order to explore certain parts of the flight envelope, 
the damper system must be in working order and checked out quantitatively. 
F inally; structural integrity testing (due to controllabi lity problems in certain 
ar eas) must be combined w ith the development of the damper and associated 
limiting devices. 

4. 4 . DEMONSTRATION PROGRAM 

The object of the demonstration program is to show compliance with Speci­
fication MIL-F-8785, "Handling Qualities of Piloted Airplanes". For these 
tests, the flyi ng control system and the damping system must be fully 
developed. The program will cons i st of demonstration flights covering a 
number of spe cific manoeuvres. At this stage of the flight test program, a 
number of flights required by the specific ation will have been completed in 
the course of the dev e lopment. As much as possible of this information will 
be used to demonstrate the compliance with the specification. For this 
r e ason, a full coverage of the specification requirements will not be neces­
sary in the demonstrat ion and only manoeuvres and flight conditions not 
previously t ested will be included in this program. 

4. 5 WIND TUNNEL TESTING 

4. 5. 1 MISSILE COCOON JETTISON TESTS 

A series of low speed wind tunnel tests has b een proposed in order to inves­
tigate the jettison characteristics of the missile cocoon design proposals. 

For the i nitial t ests , a blower tunnel ( 10 x 5 inc h nozzle) w i ll be used with 
. 0 7 scale model cocoons, mounted on a large flat plate. It is expected that 
these tests wi ll determine which configurations will warrant further inves­
tigation. 

A second series of tests w i ll be conducted using the NAE low speed tunnel and 
. 07 scale models of the cocoons and aircraft . The se tests should establish 
an optimum des i gn f o r jett is on characteristics. 

A third and final series of te sts again using the . 07 scale model in the NAE 
low speed tunnel , will investigate i n detail, the final model cocoon config­
uration selecte d from the second ser i es of tests. 
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4, 5, 2 AIR DAT A NOSE BOOM - ARROW 1 

P itot-static probe - Anti-icing tests have been conducted at the NAE low 
temperature laboratory, us ing the 5 x 8 inch blower tunnel. These tests were 
conducted i n order to prove heat er design and to determine the power distri­
bution re quired to me et the specifi c anti- i cing conditions recommended by 
NRG . 

The tests p erformed to date h ave b een for d evelopment purposes and do 
not cover all the possible conditi ons , However, the results indicate that 
h eating intens ities and distribution are satisfactory, but a control should be 
inc orporated t o pr event overheating, when maximum heat input is not required. 

R elative wind s ensor - To date, only limited anti-icing tests have been com­
pleted, using the same facilitie s as for the pito t -static probe , Test results 
i ndicate that, with sufficient power applied, the "bob" and vane post heaters 
are a d equate. However , t h e vane support should be heated along its entire 
length and the vane leading edge will require addi t i onal heat, 

Testing of t he complete assembly (i. e. pressure probe and both relative 
wind sensors) has not yet b een c onducted, 

4. 5. 3 IR POD I NSTALLATION ON FIN 

The vertical fin and rudder from the . 04 scale ARROW model, equipped 
with a removable IR pod, is being tested i n the 16 11 by 30" NAE supersonic 
wind tunnel, The purpose of the test i s to d etermi ne the effects of the IR 
pod installation of the pr eviously established fin and rudder s ide force coeffi ­
cients, the fin centre of pressure and the rudder h inge moment data, 

4 . 5. 4 SPI N AND RECOVERY CHARACTERISTICS 

This testing p rogram has been d e l aye d while t h e NAE wind t unne l facilities 
are undergoing modification (Ref. previous Quarte rly Tec hnical Report, 
7 0/ENG PUB. /6). 

4. 5. 5 POST STALL GYRATION TESTI NG 

Model launchings to date have shown that model retrieving remains a problem 
and i s causing c onsiderably d e lay, • The preliminary d evelopme nt work fo r 
t hese tests has been NAE's r e sponsibility. In order to hasten progr e ss , 
A VRO will take a more active part i n f utur e te sting. 
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6. o THERMODYNAMICS 

6. 1 AIR MASS PROPERTIES 

A study of North American air mass propertie s, from ground lev el to 50, 000 
feet, is i n work. The object of the study is to show, statistically, the aver­
age d eviati on in temp erature , at various alii tude s, from that given by stand­
ard atmosphe ric data . 

6. 2 ALTERNATOR COOLING (ARROW 1) 

More accurate test data on t h e e l ectr i cal load, power factor and efficiency of 
the 30 KVA alternato r has become available since the previous Quarterly 
Technica l Report. Calculati ons, based on this new data, have been made to 
d etermine the condiiions n eces sary for adequate alternator cooling . 

For a minimum electrical load of 23 KVA, a power factor of O. 92 and effic­
iency of 88%, adequate c ooling will be provided w ithin the flight envelope of 
t he aircraft to an altitude of 55, 000 feet on a standard day. Under hot day 
conditions, adequate cooling will b e provided to an altitude and Mach number 
enve lop e as shown on Figure 5. Flight conditions within the shaded portion of 
the graph may result i n overheating of the alte rnator . 

Refe r ence Report: No. P/EQUIP/6 1 - APPENDIX I AND II - ARROW 2 
Alternator Cooling - June 19 58. 

6. 3 ANTI - I CI NG OF J7 5 ENGINE NOSE BULLET 

An analys i s of the nose bullet anti - icing provi s i ons for the ARROW 1, with 
the double -ski n nos e bullet desig n , has been c ompleted , using revi sed data 
from P ratt and Whitney. 

For the P- 3 (prot otype) and the P-5 (production) engines , the nose bullet anti ­
icing provisions wer e found t o be ade quat e, under a ll stabilized fl i ght condi­
tions. Under sea leve l e ng i n e i d ling c onditions ( static), the anti- icing pro­
vision is adequate for ambient temperatures above -10°C for the P3 and 
above -15°C for the P-5 engines. 

Calculations to determine the adequacy of the porous nos e bullet anti- icing 
are still in work. 

6. 4 DRAG PARACHUTE TEMPERATURES - ARROW 2 

Calculations indicate that parachute temperatures, i n the stowed position, do 
not exceed 250°F. The maximum mean parachute temp erature, in this posi ­
tion , is proably in the order of l 50°F. However, through radi a ti on and 
convecti on h eating of the stowage box, the parachute may reach local temp­
eratur es of up to 250°F. 
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With the parachute streaming, the maximum temperature expected anywhere 
on the parachute, under the worst possible conditions, is estimated to be 
350°Fo There is a possibility that hot spots of up to 400°F may occur near 
the joint of the shroud lines and riserso It is also estimated that the time of 
maximum temperature exposure, in the streaming case, is approximately 
five seconds. 

Reference: Report No, 72/ THERMO/28 - Parachute Temperatures - May 
19580 

60 5 TRANSIENT FUEL TEMPERATURES ON ARROW 2 

An analysis has been made of transient fuel temperatures at the engine fuel 
inlet on the ARROW 2. This analysis indicates that, with the present oil 
cooling system configuration, it i s possible to obtain high fuel temperatures 
at the engine inlet dur ing transi ent conditions within the aircraft flight 
envelope. These high fuel temperatures are due to the presence of fuel-oil 
heat exchangers which do not incorporate fuel overheat control deviceso 

High fuel temperatures are hazardous from the point of view of engine fuel 
pump cooling, formation of fuel vapour in the system and fuel breakdown 
causing gum deposits. The critical conditions at which the hazards exist, 
are those where fuel flow i s small, and oil temperature is high, with little 
or no cooling air available. These conditions are found during : 

(a) Sea level stati c i dling RPM. 

(b) High Mach number at idling RPM , 

Since the latter case is the more critical, due to extremely low fuel flow at 
i dling RPM at high altitude, the analysis of the fuel temperature has been 
based on a descent from 6 0,000 feet at M = 2o 0, and a 90% recovery temper­
ature (TR) of 250°Fo This assumes that the throttles are instantaneously 
moved back to idling from maximum RPM-plus-afterburner and the aircraft 
put into a dive to maintai n TR = 250°Fo A peak fuel temperature of approx­
imately 295°F is estimated to occur at the beginning of the 30-second trans­
ient condition during descent, 

With the pressures expected at the engine fuel inlet, JP-4 fuel will vaporize 
at 200 to 250°Fo As a result, the formation of vapour in the engine fuel pump 
appears to be certaino It has not yet been determined whether the pump and 
fuel control systems can function satisfactorily with vapour present during 
the transient peri od, 

Some alleviati ons to high fuel temperatures may be accomplished by various 
oil system modifications designed to reduce the oil inlet temperature to the 
coolero An increase in idling fuel flow at altitude would also contribute to 
reduced fuel temperatureso 
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7. 0 ELASTICITY 

7. 1 EFFECT OF ACCELERATION ON TEMPERATURES AND THERMAL 
STRESS DISTRIBUTION 

The rapid acceleration of an aircraft capable of supersonic speeds may result 
in such a degree of aerodynamic heating that the structural integrity is 
threatened. Although of a transient nature, the thermal stresses produced 
by the heating may develop into warping, buckling and loss of stiffness. In 
order to cope with these detrimental heating effects, a study has been made 
to determine the manner in which temperature distribution and thermal 
stress distribution are influenced by various factors. Some of these factors 
are flight conditions, mater i al, the presence of structural discontinuities 
(such as joints), size of structure and the depth of fuel contained in the tanks. 
The study provided information, in a non-dimensionalized form, indicating 
the trend i n influence of the various factors. This will provide quick and 
fa_i.rly accurate values to determine the thermal stresses. Reference: Report 
No. 70/THERMO/26 - Effect of Acceleration on Temperature and 'Fhermal 
Stress Distribution - April 19 58. 

7. 2 ARROW 1 DEFLECTION INFLUENCE COEFFICIENTS 

As was reported in section 6. 2 of the_ Quarterly Technical Report for March 
1958, the ground resonance test of the complete aircraft provided data that 
did not enti rely agree with data predicted through calculation. In order to 
obtain agreement between test result and theory, the stiffness values of the 
outer wing and fuselage have been revised. 

Outer wing - The spanwise bending stiffness of the leading edge and rear spar 
regions has been increased through the inclusion of structure not previously 
considered e ffective. The leading edge region, in chorwise bending, was also 
increased in stiffness. These changes increased the outer wing torsional 
stiffness for a small increase in bending stiffness. 

Fuselage - Originally the torsional stiffness of the fuselage was estimated 
assuming warpage of the structure. This method of calculation has been 
replaced by one (the Batho method) in which restraint against warping has 
been assumed. The revi sed values frcim this method were used in calcula­
tions for the anti-symmetric cases. 

The bending stiffness was originally estimated assuming the centre portion 
of the fuselage 11 floor" , between the engines, to be ineffective in reacting 
bending loads. This raised the calculated fuselage bending frequencies to 
compare very favourably with test results. 

The alterations to the stiffness distribution have improved the correlation of 
theory with ground resonance test results. The antisymmetric modes are in 
good agreement with test results. Several modes were predicted which were 

29 



AVRO AIRCRAFT LIMITED 

ARROW 

not found on test , but all test modes appear in the theoretical calculations. 
Agreement has also been established between theory and test result in the 
symmetric modes, with the exception that the second mode shape differs 
from the test results in the outer wing region. The revised stiffness values, 
whi ch are now in agreement with ground resonance test results, will be used 

i n revised flutter calculations. 
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8. 0 ELECTRONIC SYSTEM 

8. l MINIMUM ASTRA SYSTEM 

By means of a realistic assessment of development time allowances, it i s 
now possible to define the minimmn ASTRA system capability which can be 
made a vai l able for delivery to squadron service in January 1961 . In order 
t o exp edite availabil ity of the addit ional portions of full ASTRA, not included 
in the minimum system, it is proposed, where possible , to fabricate these in 
paralle l w ith the minimum system and to store them for subsequent retrofit 
to aircraft after RCA and AVRO testing. 

The minimum ASTRA s ystem (ASTRA MK lA} has been defined as the mm1-
mum electronic system whi c h will enable the ARROW interceptor to perform 
a combat mission. The m inimum system consists of: 

(a) A fire c ontrol sub-system capable of manual or automatic attack and 
manual manoeuvring w ith four Sparrow 2D missiles (less infra-red, 
radar ope ration at full power, Genie capability and certain ECCM 
capabilities} • 

(b} U HF communication and homing . 

(c) Radio compas s . 

(d} Intercommunication . 

(e) Ai r-to -g round lFF . 

(f) DR nav igation computer (manual inputs}. 

8. 2 ALLOCATION OF AIRCRAFT 

Aircraft allocation and delivery schedules for ASTRA I systems have been 
established. These will provide a basis for future planning when they have 
been agreed t o by all parties concerned, and finally accepted b y the R CAF. 
In addition t o aircraft 25204, 2 5205 and 25209 (ASTRA system development 
veh ic l es}, AVRO cons ider s it necessary to allocate an additional ARROW fo r 
ASTRA system development by RCA. Aircraft 25210 has been suggested for 
thi s purpose . This change in aircraft allocation will move the programs 
prev iously assigned t o aircraft 25210 - 25215 , progressively back by one air­
craft. 

lt h a s bee n further sugge sted that a ircra ft 25204 be eventually replaced by an 
ARROW 2 aircraft so that 2 5204 can be used for target and chase duties. A ir~ 
craft 25222 has bee n proposed as the replacement . 

The allocation of c ont r ac t or aircraft fo r ASTRA system installation is now as 
follows : 
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(a) Aircraft 25204 and 25205 are flying test vehicles for ASTRA develop ­
ment by RCA. In addition to the necessary communication equipment, 
they will be equipped with fire control and navigatiQn sub-systems 
(including infra - red provision}. 

(b} Aircraft 25209 and 25210 will be used by RCA for integration of ASTRA , 
the missile and missile auxiliaries. 

(c} Aircraft 25211 will be utilized to establish compatibility of the ARROW 2 
a i rfr·ame, the ASTRA system and the missile. It will also be used to 
familiarize AVRO personnel with ASTRA and the complete weapon sys­
tem. 

(d} Aircraft 25212 and 25213 have been allocated to Canadair for missile 
qualification firing tests. 

(e} Initially aircraft 25214 will participate in 25211 1 s program but will 
later be reallocated to join 2 5215 in the weapon system demonstration 
program. 

(f} Aircraft 25222 will be allocated to RCA as an eventual (ARROW 2} 
replacement for 25204, and will incorporate full ASTRA for the continu­
ation of system development. 

Partial ASTRA systems will be installed in the following contractor aircraft : 

(a) 25206 (Airworthiness flights, engine/airframe compatibility trials and 
airframe systems development}. 

(b} 25207 (Iroquois engine development}. 

( c) 2 5208 (Airframe systems development}. 

(d} 25216 (Airframe structural integrity work}. This aircraft will incor­
porate provisions for full ASTRA . 

8. 3 INSTALLATION DESIGN 

8. 3. 1 ARROW 1 

Engineering design on the wiring modifications for the flight test damper sys­
tem in aircraft 25201, 25202 and 25203 is nearing completion. These changes 
were necessitated by the relocation of the parallel servos and feel units , 
introduction of an electronic filter for the rudder differential servo, incorpor­
ation of the g-limiter system and repositioning of normal and lateral accelero­
meters for improved performance, Revis ions to the qc actuator for intro­
duction of an AVRO-designed system, are complete. 
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W iring changes were made for the incorporation of the a u tomati c UHF ant enna 
select o r a nd t he Humphrey st ick force t ransducer with command signal filter . 
Wiring provisions have also been made for the incorporation of elect ronic 
filters for the p a rall el servo Mo o g valve s i gnals . 

The we a pon pac k wir ing for aircraft 2 5203 , is currently being redes igned so 
t hat the m issile actua ion s ystem will b e more compatible with the production 
vers ion in ARROW 2 . 

The ASTRA I de ve lopment v eh icles (aircraft 2 5204 and 2520 5) w ill be equipped 
w ith an in t erim elect ronic s yst em for in it ial flights , but th i s system will be 
repla c ed w ith in t er im development ASTRA for the development fl i ght test 
progra m . The progra m proposal fo r t hese a i rcraft has now been i s sued t o 
t he RCAF . 

ASTRA in stallation a nd w iring des i gn for 2 5204 and 2520 5 is approximately 
7 5% complete However AVRO cannot proceed with the installat ion of t hese 
units s in ce information on radar nose cameras for these a ircraft will not be 
available u ntil August 195 8 . 

Mod ifications to w iring for in c orporation of the development damper system 
are cur rently in work. 

8 . 3 . 2 ARROW 2 

A c cumul ate d modifications to the w ir ing for partial ASTRA aircraft have been 
in c orporated in production dr a w ings . Des i gn work on the partial AST RA sys -
tern for a i r c r aft 2 5206 , 2 5207 and 2 5208 is c omplete, w ith the exception of 
modifi cation s fo r t he in tr oduction of the development damper . It is AVRO 1s 
intention t hat later a irc raft, wh ich do not have the full ASTRA syst em shall 
have full ASTRA wiring prov isions desp ite the fac t t hat certain items of 
electronic equipment have been delete d from the system . 

The wi r ing po sition fo r a i r c r aft 2 5209 to 2 5215 {full ASTRA) has recently 
been clarified . RCA h a s stated that t he m aj or ity of t he w i ring w ill be s imilar 
to t hat for aircraft 2 52 04 a nd 2 520 5 . AVRO is proc e e ding on the basis that 
a i rcraft 2 5204 and 2 5205 are ident ical t o aircraft 2 5209 in this respect . 
Instrumentati on requirement s have not yet b een fully defined . 

As the installat ion of ASTRA equ ipment a nd the w i r ing des ign in 2 5209 is 
bas ed on 2 5204 and 2520 5, completion of these two aircraft i s neces s ary 
before eng ineering work on 2 5209 can be expedited. A de fin ition of the ASTRA 
c ompos ition for a i r c raft 2 5209 h as not ye t been rece ived from RCA . 

8 . 4 INSTRUMENTATION 

RCA ha s now defin e d t h e ASTRA in strumentat ion requi rement s for a i rcraft 
2 5204 and 2 52 05, and has req u este d that certain env i ronmenta l parameters be 
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supplied by A VRO ins t r mentation . RCA w ill support its own instrumentation 
at Malton , and w ill u se t he IRlG standard tape recording equ ipment . The 
instrument a t ion sys t em w ill b e bas ically the same for all other ASTRA 
development a i r c raft . Ins t r ment ati on wiring design for aircraft 2 5204 and 
25205 i s approxim a tely SO% c omplete . 

The ASTRA inst rumentation requi rement s for a ir craft 2 5209 are expected to 
be the same , or s imilar t o t hos e for 2 5204 and 2 520 5, bu t this has not yet been 
clar ified by RCA . Therefore, AVRO i s a gain p roce e d ing on t he basi s t ha t t he 
in strumentati on req ai rem ents w ill b e identica l. , 

A VRO i s ur r ently inv e stigatin g t h e in strume nt a tio n r equ i rements for air c raft 
2 5211 . The p ar a m e t e r s t o be m eas re d ha v e b e e n e s tabli s hed and s t a ndar d 
p a c k wi r ing p r opos ed. A VRO is m a inly int e re ste d in t he m e asureme nt of 
inpu ts a nd o t p uts of electr onic equipment, r athe r t han in terna l ci r cuit 
c h a racte r istics, but t he in strumen tat ion wi r ing w ill b e t he same a s for a i r " 
c r a ft 2 52 0 9 and 2 521 0 . 

8. 5 M ISS ILE A UX ILIAR IES 

T he RCAF has r e qu e s te d A V RO t o study t h e relocation of t he Sparr o w 2D 
m i s s ile aux iliarie s in t h fuselage. A p r e lim inary e valuatio n ha s b e e n c on­
duct ed a nd , a lth ou gh r elo cation fr om t he we a pon pac k t o t he armament bay 
r oof i s feas ible, it a pp e a rs t hat r e - p a c k ag ing of t he aux iliary u n its may b e 
ne c e ssa r y t o m a k e u s e of t h e lim ited ava ilabl e s p a c e. RCA is t o report on 
t h i s s tudy b e fore fur t h e r action i s t a ken by AVRO . 

8. 6 COCKPIT LAYOU T 

A s a re s It of r e cent m ee tin g s w ith t h e RCA F , t h e c o c kp it layou t has b een 
fi n alize d for p ro du ction p urp o s e s . Howev e r, c e r t a in mod ifica tions a re 
c u r r ently being s tud ied a s follo w s : 

(a) Introduction of a Beta d isplay on t he p il ot' s in s tru ment panel. 

(b ) Revi s ion a nd relocation of the UHF channel ind icator on the pilot ' s 
instru m e nt panel, t o allow for t he introduction of the Bet a display . 

( c) Locat ion of a UHF c hannel indic a t or on t he OBS/AI 1 s instrument panel. 

(d ) Addit ion of the qc a ctuato r system warn ing d i splay in the p ilot ' s cockp it. 

The present co c kp i t l a yout and compos it ion of di spl a ys is shown in Figures 6 
a nd 7 (lo c at ion of items (c ) and (d ) ab ove has not yet b e e n de cided). 
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8. 7 RADOME 

AVRO, in collaborat ion with RCA , has prepared and issued the finalized speci ­
fication for a i r c raft 2 5204 and 25205 radomes . The radome vendor (Bruns ­
w ick - Collender C ompany of Canada Limited) has agreed to the specificat ion 
requirements. 

The AVRO d i g ital computing program for power transmission and boresight 
error asses s ment was completed for both u n iform and tapered wall confi gur -
at ions. Analys i s of the resul ts shows that t he uniform wall radome, having a 
more d ivergent bores i ght error than the tapered wall version, may be more 
easily co r r e c ted . In a d d it ion, the transmi ssion advantage of the tapered wall 
was predicted t o b e very small at crit ical loo k angles. This study has indi ­
cated t hat the tapered th i ckness wall may not, as was originally s upposed , be 
the better choice for optimum electr i cal performance . The results of the 
calculat ion have been sent to the radome manufacturer . 

An a u tomat ic boresight range , procured from Cal ifornia Technical Industries, 
i s c u rr e ntly be ing assembled at Malton . This equipment w ill permit AVRO to 
study th effects of b oresight correct ion rings and lenses , and will allow 
checks t o be perfo rmed on the vendor's boresight error figure s. The effect of 
t he radome cha racter istics on ASTRA system performance w ill also be stud ied 
u sing the automat ic boresight range . An MG 2 fire co ntrol system antenna 
w ith a CF - 100 r a dome w ill b e used for initial familiarization with the equip­
ment . 

8 . 8 TELECOMMUNICATION ANTENNAS 

8 . 8 . 1 OHF BELLY ANTENNA 

The ARROW 1 UHF b elly antenn a , wh ich had limited flight approval for 
opera t ion u p t o a n alt i tude of 40 , 0 0 0 feet , will be cleared for operation at 
greate r a l titudes . 

Construction of t he produ c tion prototype of t he ARROW 2 UHF (ann u l ar slot 
type) belly antenna has been completed. The d ielectric foam was om itted, as 
a su itable m ate r ial could no t be obtained . Preparations are being made to 
conduct qualifi cation t e st s on t he antenna . 

8. 8. 2 MODEL PATTERN STUDIES 

Antenna pa ttern s tudies on the 1/10 scale CF-100 model are complete . The 
results are b ing u s ed for comparison w ith in - flight pattern measurements , t o 
establi s h a t echniqu e to develop the ant ennas on the ARROW (Ref. para . 8. 8 . 3) . 

P a t t ern s tudi e s on the 0 . 07 scale ARROW model have continued . Pattern 
mea s urements for the UHF and L - ba nd b elly antennas were completed sat i s ­
fact or ily, and meas ure ments o f the fin cap antenna are currently in work . 
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Measurements will also be made for the AN/ARA - 25 UHF homer antenna to 
assess the effect of a strike camera fairing on the pattern. Bleed air ducts 
were incorporated on the model to assess their effect on UHF belly antenna 
performance . No serious degradation of the antenna patterns was evident. 

8 . 8. 3 ANTENNA EVALUATION PROGRAM 

The object of the antenna evaluation flight test program is to verify that model 
range patterns are essentially the same as those obtained in actual flight. The 
flig ht test program on CF-100 aircraft 18186 has now been completed and the 
results showed an 85% order of accuracy for model pattern measurement. The 
model technique is therefore considered fully satisfactory for antenna per­
formance evaluat ion. Pattern measurements wilI be made on the ARROW 1, 
and the results compared with model patterns to verify model results for full 
antenna coverage . 

8. 8. 4 MODEL ANTENNA RANGE 

A VRO is investigating the installation of a model antenna range system to be 
set up at Malton. This facility would be advantageous for the ARROW antenna 
evaluation flight test program and for future modifications or developments of 
telecommunication antennas. It would allow greater flexibility than present 
arrangements, as ARROW model pattern measurements could be more closely 
integrated with flight test data. 

8 . 8. 5 X-BAND ANTENNA 

Further information concerning the pattern requirements for the AN/APX-27 
(X - band) IFF antenna is required from the RCAF before further studies can 
be undertaken . 

8 . 8 . 6 RADAR HOMER 

lnformation on the radar homer (AN/ARD-501) desi gn philosophy is n ot yet 
available . Consequently, antenna development has not progressed beyond the 
stage of an initial pattern study . 

8 . 8 . 7 DOPPLER RADAR 

The type of doppler radar equipment for the ARROW has not yet been speci­
fied . Space res e rvation only has bee n provided, and antenna pattern investi­
gations have not yet started. 

8 . 8 . 8 AUTOMATIC ANTENNA SELECTOR 

The Autonet ics antenna selector is currently being installed in aircraft 25202 
for tr ial installat ion and flight tests. This equipment will be used for the first 
three aircraft only, as antenna switching becomes an RCA responsibility on 
25204 and subsequent aircraft . 
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9 . 0 ENGINE INSTALLATION 

9 . l ENGINE R E-O ILING PRO VISIONS 

9 . 1. 1 J75 R E -OILING - (ARROW 1) 

In order t o prevent ove r - fill ing a nd the subsequent bulging of the eng ine oil 
tank s , a dr ain valve is b e in g ins t alled by AVRO in the J75 engine power take­
off gear b ox . 

9 . 1. Z IROQUO IS RE - OILING - (ARROW Z) 

The RCAF requires that eng ine a nd acces so ry systems re-oiling provisions 
be de signed so that aircraft turnar ound time s are held to a minimum . AVRO 
a nd Orenda have a greed u p on the provisions t o be made , and have submitted 
them to t he R CAF. 

AVRO w ill provide a readily acce ss ible visual engine oil level indicator . The 
ind icator w ill provide a pos itive s ignal when eng ine oil level is below one half 
of the engine o il tank capaci ty. 

Orenda will incorporat e a po sitiv e vi sual s ignal in the re-oiling system to 
indi cate when he o il tank is full. Th i s indicator , wi ll be located on a panel 
behind the engine o i l replenishment a c cess doo r . The panel w ill also cont a in 
indicato r s t o sho w the follow ing : 

(a) The content of he eng ine reli ght oxygen b o ttle. 

(b ) The o i l level in t he engine hydraulic sys t em reservoir . 

9 . 2 AIRFLOW RESTR ICTOR - (ARROW Z) 

The airfl ow restric t or in t h engine tunnel is b e ing move d from station 660 to 
the vicinity of station 630. It i s considered t hat thi s will solve O re nda's pro ­
blem in p r oviding t he engine wi h a n air res t r icting baffle and shrou d of accept­
able strength weight cha.rac t eristi.cs. The re quirement for the a i r flow restric ­
tor was created when O re nda d ele t ed the air-t o -air hea t exchanger (Ref. 
paragraph 9 . 3 . 2 . 1 of R eport No . 70/ ENG. PUB/4 Arrow Quarterly Technical 
Report , Se pt ember 1957) . 

9 . 3 ACCESSORIES DRIVE GEAR BOX SYSTEM 

W ith the selection of h i gher p ower fuel b oo ster pumps for the ARROW 2 (Ref. 
previous Arr ow Quarterly Te chnical Report), it was necessary to investigate 
the adequacy of t he pump dr ive mechani s m . Thi s investi gation has been 
completed and the manufacturer of the driv-e system (Sargent Engineering) 
informed of t he new transmiss i on load requirements . Only mino r changes 
ar e expected in t he p rese nt d rive system . 
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1. 4 CONSTANT SPEED DRIVE OIL SYSTEM - ARROW 2 

Furt her development work has been conducted on the constant-speed drive 
independent oil system . Thi s has resulted in some changes to the system as 
descr ibed in t he previous Quarterly Technical Report {70/ENG. PUB/6 para. 
8 . 4 . 3. 2) . These changes are incorporated in the schematic diagram shown 
in Figure 8 . The most s ignificant change has occured in CSD starting pro­
v isions . Other notab le chang es are the replacement of the de-aerator and 
present oil tank w ith a n all-attitude tank, and the relocation of the filter. The 
a ll -attitude tank i s capable of supplying the CSD charge pump with a correctly 
proportioned air - oil m ix t ure, regardless of aircraft attitude . 

9. 4. 1 CONSTANT SPEED DRIVE STAR TI NG 

To prevent damage to the CSD unit dur ing start ing, it is essential to establish 
a supply of oil to it s charge pump as quickly as possible. This will be 
achieved by pressur izing the all-att itude tank with air bled from the engine 
air turbine s ta r t er supply. The air i s bled from a tap in the engine starter 
inlet scroll , and passed to a pressure-operated start valve. During starting, 
t he start valve closes the a i r supply to t he CSD unit and accessories drive 
gear box (Ref. F igu r e 9) , and a dm it s air to t he all-attitude tank only. When 
the ground air supply i s c ut off, the start valve returns to its normal position 
and closes the supply from t he starter. 

9. 5 ENGINE PERFORMA NCE INDICATING SYSTEM 

Some delay in delivery of components for the engine performance indicating 
sys t em is expect ed , as Orenda has recently established that high pressure 
rot or govern ing, instead of low pressure rotor governing, will be used in the 
Iroquoi s eng ine . O t he r w i se, the development of system components is pro­
gressing satisfactoril y, and effectiv i ty has been established for aircraft 2 5209. 

The equipment involved in system development is as follows : 

(a) Engine performa n c e indicat o r. 

(b) Engine pe rform a nc e computer and transducer pack . 

(c) Noz z le area t ransducer . 

(d ) Compressor inlet tota l t emperature sensor . 

(e) Compresso r inle t t ot al pre s sure probes . 

(f) Turb ine outlet total pressure probe. 

The relationship of t hese components within the system relative to each other 
and t o the engine is s hown in F igure 10. 
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The components are arranged in three separate circuits to provide separate 
indication of: 

(1) Engine performance. 

(2) Percentage afterburn ing. 

(3) Exhau st gas temperature. 

The pressure probes and the inlet temperature sensor provide the data for the 
engine performance indicating circuit. The nozzle area transducer serves the 
percentage afterburner indicator circuit, and a chromel-alumel thermocouple 
serves t he exhaust gas temperature indicator. 
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10 . 0 ELECTRICAL SYSTEM 

10 . 1 POWER SYSTEM 

10 . 1. 1 ARROW 1 (Aircraft 25204 and 25205) 

The power req irements of the ASTRA l system will be incorporated in air ­
craft 25204 and 2 52 0 5. Thi s has necessitated modifications to the ARROW l 
electrical system w iri ng for the additional electronics power supply and con­
trol required by the ASTRA system . 

The AC supply for the left intake duct de -i cing will be rendered inoperative 
for initial fl ights and w ill be used to supply the electronics instrument pack . 
If duct de - icing is later required , additional controls will be necessary to 
select either instrument pack power or de-icing. 

10 . 1. 2 ARROW 2 

Composite wiring has been introduced into ARROW 2 to permit the installation 
of e ither the Westinghouse or the Lucas - Rotax electrical power system, on an 
interchangeable basis . It is expected that a firm decision on the power sys­
tem supplier will be made by mid-July 195 8. 

10 . 1. 3 BATTERY 

DRB has recommended additional insulation for the aircraft battery. Battery 
and environmental temperatures are currently being studied to determine the 
insulation requi rements and a decision will be reached in conjunction with the 
RCAF . 

10 . 2 ELECTRICAL SUB-SYSTEMS DEVELOPMENT 

10 . 2 . 1 MAIN LANDING GEAR DOOR OPERATION 

ARROW 1 main landing gear do o rs are now closed pr ior to landing by means 
of a mechanically sequenc ed actuation system (ref. para. 13 . 2) and is to be 
a trial installatlon on one ARROW 1 aircraft. Left and right main gear up­
lock limit switches have been added to the electrica l system to ensure that 
the left and right landing gear pos ition indicators will indicate "UP" only when 
both the gears and the doors are locked up. In addition, this will ensure that 
hydraulic pressure to the U P system is not shut off before all gears and doors 
are locked up . This is achieved by wir ing the UP supply shut-off control in 
series, through the new limit switches, with the door UP switches . 

10 . 2 . 2 SPEED BRAKE CONTROL 

Alterations have been made to the speed brake and missile control electrical 
circuitry to achieve speed brake retract ion coincident with missile lower ing 
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(ref. para . 13 . 4 ). These changes are applicable only to aircraft 25203 at 
this stage. 

10 . 2 . 3 NOSEWHEEL STEERING 

Addi t ional electrical equipment and w iri ng were incorporated in ARROW 1 
d esign for the nosewheel steering trial installation in aircraft 25202 (ref. 
p a ra . 13 . 6) . 

IQ . 2. 4 FUEL PROPORTIONING WARNING 

Or i ginally, the ARROW I refueling adaptor do o r operated limit switches to 
prov ide a signal to the pilot ' s fuel pro-portioning warning light . Since these 
sw itches only indicated doo r posit ion an d not valve position, a minor fault in 
door operat ion could have caused the warning light to give a false s ignal. To 
obviate th i s po ssibility, the switches have now been de l eted . 

10 . 2 . 5 FUEL PROPORTIONING BYPASS CONTROL 

In order to facil it t e po st - flight inspect i on of the ARROW 1 fuel proportion ing 
bypass valve , the bypas s locking relay has been altered to a latch type. The 
e a r lie r relay was de - energ ized o n touchdown, thereby permitting the bypass 
valve to reset t o the " meter " position, after a "fuel-proportioning" warning 
in flight (i. e . proport ioner bypass). Use of a latch relay will hold the valve 
in the bypass pos it ion after aircraft power has been shut off, thus permitting 
proper valve inspec t ion . Operation of the master refueling switch will de ­
energize the relay and reset the bypass valve to " meter". The valve is 
retai ned in th i position u nt i l after the nose gear scissors switch is actuated 
at take off. 

10 . 2. 6 AFTERBURNER INDICATION 

Left and r i ght " afterburner on" gre e n ind icato r lights, which inc lude press­
to - test and d imming feature s, have b een added to the pilot ' s cockpit . These 
li ghts are illuminated when the afterburner has been selected and the nozzle 
opened . 

10 . 2 . 7 MISSILE CONTROL SYSTEM 

The m issil e control system circuitry for a i rcraft 25203 has been mod ified to 
connect the fir ing relay control signals through the hydraulic compensating 
valves "parallel pos itio n" switc hes. This was done to prevent missile firing, 
if the compensating valves had not been energized to the parallel position . 
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11. 0 AIR CONDITIONING SYSTEM 

11. 1 TEMPERATURE CONTROL SYSTEMS 

As noted in the previous Quarterly Technical Report, the Hamilton-Standard 
cockpit temperature control units proved unsatisfactory and the design and 
development of these units was undertaken by AVRO. The AVRO-designed 
unit has been tested in the system ground test rig, and proved satisfactory. 

11. 1. 1 ARROW 1 SYSTEM 

A total of fourteen temperature control units are being manufactured by AVRO 
for ARROW 1 installation; seven for the cockpit and seven for the equipment 
area. The un its w ill be installed in the aircraft when they have successfully 
completed the qualification test program . 

The valves used in the Hamilton - Standard control systems will be used in the 
AVRO systems . However , CF-100 air conditioning system temperature 
sensors w ill be installed in place of those used in the Hamilton-Standard sys -
tern . These sensors have proven reliable in CF-100 service, and possess 
more favourable temperature-resistance characteristics than the Hamilton ­
Standard type . 

11. 1 . 2 ARROW 2 SYSTEM 

It was originally intended to install vendor-designed and developed tempera ­
ture control systems in ARROW 2 aircraft. The AiResearch system appeared 
to be t he best of several proposals submitted. However , further study of the 
AiRe sear c h system proved it to be inadequate , and it has been decided to a 
adopt the AVRO-designed temperature control system for the ARROW 2 . 
Manufacture of controllers for the ARROW 1 will be sub-contracted. 

11 . 1 . 3 CONTROLLER DEVELOPMENT 

The development of the AVRO - designed ARROW 1 cockp it temperature­
controller was based on a number of tests performed on the air conditioning 
system test rig . The test results were used for an analogue simulation of 
the complete system. Based on control requirements, a breadboard con­
troller was constructed and checked on the analogue computer . When a 
sati sfactor i ly funct ioning cont roller was obtained, it was installed in the test 
r i g and its performance as s essed. This assessment proved that the basic 
philosophy applie d to control system design was satisfactory. 

11. l . 4 CONTROLLER DESCRIPTION 

The AVRO temperature controllers are completely transistorized un its . 
Cont roller ci rcu it ry includes integra tors, amplifiers and summing networks. 
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Thermal stabilization of the transistors and voltage stabilization of the power 
supply are inco rporated into the circuitry . 

The configuration of the ARROW 1 cockpit temperature control system (Ref. 
Report No . 71/SYSTEM 22 /164, A Cockp it Temperature Controller for the 
ARROW 1 Air Cond itionin g System, April , 1958) is shown in Figure 11. 
Cockp it inlet temperature is controlled by the inner loo p of the system. The 
outer lo np i s modulating, wh ich satisfi e s the demands of the cockpit tempera­
ture selector . Use of this two loo p system provides go o d cont ro l stability. 

The e qu ipment t emperatu re controllers are similar to the cockpit temperature 
con t rollers, except t hat the equipment temperature controllers have no outer 
control loop . ARROW 2 temperature controllers w ill be similar to the ARROW 
1 un i ts. 

11. 2 ASTRA COOLING AIR SUPPLY 

11. 2 . 1 GENERAL 

The adequacy of available co0 ling capacity for ASTRA equipment is assessed 
by RCA , using A VRO supplied data on co o ling air mass flow, supply pressure, 
supply te mperature and perm issible pressure drops through equipment . Pre­
viously this data has been supplied to RCA when requested . This information 
is now contained in a s ingle report. (AVRO Report No . 71-2 / SYSTEM 22/140, 
ASTRA Cooling Air Su pply, April 19 58). The data contained in this report is 
based on latest performance e s timates for the ARROW air conditioning sys ­
tem . 

The co ling capacity of the ARROW 2 air conditioning system is adequate to 
satisfy all ASTRA coo ling req i rements . However, the ARROW 1 system has 
a low coo ling capac ity, and an auxiliary a i r condit ion in g s ystem is required 
in ASTRA test vehicles . ln addition, the main system in ARROW 1 is modi ­
fied by the introduction of t wo air - oil heat exchangers as shown in Figure 12. 

11 . 2 . 2 AUXILIARY AIR CONDITIONING SYSTEM - ARROW 1 

To provide adequate co o ling air for instrumentation in the ASTRA test 
vehicles (aircraft 25204 and 2 5205), an auxiliary air conditioning system is 
being installed in the instrument p ack . The system and its relationship to 
the main aircraft system i s shown schematically in F igure 12 . 

The auxil iary system operates on hot e ngine -b le ed air from the main system ' s 
ram a i r heat e x c hanger . A wate r evaporator, and two turbine-compressor 
units connected in parallel , a re the principal components of 1 the system. 
Space limitations have d ictated the use of two tu rbine compressors. ln. 
addition , these units have been fully qualified and are .readily ava i lable . 
Air for the loading compressors is taken from the armament bay and 
d ischarged to atmosphere . 
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The performance of this system is given in the report referred to in 
para. 11.2.1 

11. 2 . 3 lR POD COOLING 

Two separate systems are used for cooling the equipment m the infra-red 
seeker pod : 

(1) A cooling air supply from the aircraft's air conditionin g system maintains 
the seeker head and electronic units environment at an acceptable tempera­
ture level. 

(2) A high pressure nitrogen system cools the lR detector to a temperature 
in the ne ighbourho o d of liquid nitrogen (-196°F). 

The disposition of the principal components of these systems is shown in Fig­
ure 13. 

11. 2 . 4 AIRCRAFT'S AIR SUPPLY 

An insulated duct in the fin lead ing edge supplies cooling air to the lR seeker 
pod . This duct is an extension of the aircraft's equipment co o ling air dis­
tribution duct system . From the pod, the co o ling air is discharged to atmos­
phere . 

11. 2. 5 HIGH PRESSURE NITROGEN SYSTEM - lR SEEKER COOLING 

Since the infra - red seeker develops sensitivity i n the desired spectral region 
only when cooled to extremely low temperatures, a cooling medium is neces­
sary. Gaseous nitrogen, cooled in a Linde liquefaction process, is used for 
this purpo se . Nitrogen co oling is based on the Joule-Thompson effect, with 
throttling producing the main temperature drop in the regenerative refrigera­
tion process. 

The high - pressure nitrogen coolii:i,g system is pr imarily RCA's responsibility. 
Installat ion of the nitrogen bottle and pip ing is AVRO 1s responsibility. Except 
for the bottle and piping, the system is contained entirely within the pod. 

11 . 3 ARROW 2 FLOW CONTROL 

A flow control device proposed by A VRO (Report No. 72 / SYSTEM 22/137, 
Proposed Mas s Flow Controller, March 1958) offers a possible solution to 
t he flow control problem in the ARROW 2 air conditioning system (Ref. 70/ 
ENG PUB/5 ARROW Quarterly Technical Report No. 2 para. 10 . 3). A model 
of the devic e is being constructed, and will be used to test the theory upon 
which the mass flow controller design is based. 

During the course of ARROW 2 air conditioning system development, it has 
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been established that air conditioning equipment vendors are unable to pro­
duce a mass flow controller. Flow controllers currently in use are based 
on a venturi or a pitot head. In their simplest form, they control to a con­
stant 1/2 f? v 2 . By correcting for pressure, they approach a constant M~ 
control, but are unable to give a true constant mass-flow control. The pro­
posed AVRO controller, however , senses true mass flow, and being inde­
pendent of temperature, pressure and density, provides a means for true 
constant mass -flow control. 

11 . 3. 1 CONTROLLER THEORY 

If the air flowing in a duct is pass e d through rotating blades, a retarding 
torque is exerted on the blade rotor. The magnitude of this torque can be 
shown as : 

where Q = the retarding torque on the rotor 

m = mass flow in the duct 

CJ = angular velocity of the rotor 

r 2 = blade tip radius 

= blade ro ot radius 

From the expression, i t is obvious that if rotor speed is held constant, the 
retarding torque is directly proportional to the mass flow . The sensing of 
changes in this reta rding torque, and the translation of these changes into 
control signals, is the bas i s of control device design. 

11. 3. 2 THE FLOW CONTROL DEVICE 

S ince a 40 0 -cycle e lectrical supply, accurate to± 1%, is already available in 
the ARROW aircraft, a synchronous motor offers the best means for driving 
the blade rotor at constant speed. The reaction of the motor to varying torque 
loads controls mass flow . The proposed control device would be installed in 
the cockpit a i r inlet duct. As shown in Figure 14, it will consist of a honey­
comb insert, the blade rotor, the synchronous motor and the control output 
mechanism . The honeycomb insert is an anti - swirl device, installed to 
establish an a irflow, parallel to the blade chord. The blade rotor is the flow 
sensing element, and is driven by the output shaft of the motor . The motor 
case, combined with the output gearing, constitutes the control mechanism. 

The motor case is mounted on bearings to allow free rotation, but is restrained 
by a spring attached between the motor case and the supporting structure . 
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Output control shaft dr ive is provided by a gear anchored to the motor 
case . 

l I . 3. 3 INTEGRATION IN A FLOW CONTROL SYSTEM 

The out put control s ig nals from the cockpit controller will be utilize d to con­
trol the turbine inle t nozzle . The design of th i s portion of the system is 
currently in progre ss . 

Flow contro l system d esig n is based on maintaining a constant 27 . 5 Ib/min 
flow t o the c ockp it. A i r c ondit ion ing system des ign is such that if this flow 
is prov id e d , adequate e quipment cooling airflow i s maint a ined. Thus , t otal 
sys tem flow can be controlled by t he cockpit flow controller. 

1 I. 3 . 4 ADVANTAGES OF PROPOSED CONTROLLER 

The ma in advantages of t he proposed controller are : 

1. It is independent of pr e s sure , temperatu re and d ensity, and therefore 
prov ide s true mass flow control. 

2 . The torque available to operate a control device can be increased t o 
any required vaI e, by reducing t he res training spring stiffnes s, and 
increasing the reduction -g earing bet we e n motor case and out put shaft 
rotation. 

3 . The flow being main tained by t he controller can easily be changed by 
increasing or d ec reas ing t he restrain ing spring torque . 

4 . The sensit ivity of t he d evice is indep e ndent of mass flow and can be 
alt e re d to a ny required deg ree, by vary ing the sp ring st iffnes s. 

11. 4 ENVIRONMENTAL PROTECTION FOR CR EW MEMBER S 

SECRET 

Air-conditioning system des ign is a compromise between p erformance, com­
plex ity a nd w eight. It i s therefore inev itab le that in some regions of the flight 
envelope system pe rformance may be margina l. ln or der to protect the crew 
in these r egions , additi ona l e quipment s u ch as a ventilated suit or a pres sure 
suit c ou ld be use d . A recently complete d study (Report No . 72/SYSTEM 
22/1 70 , Environme ntal Protection for Crew Members, ARROW 2, May 1958) 
evaluates t h e a d d ed comple x ity a nd w eight p enalties involved , a nd the 
improvement in cre w p r otection p rovi ded by the use of such clothing. This 
study wa s made at th e request of the RCAF , and AVRO will be advised of 
t he req uire m e nts wh en the repo rt h as b een evaluat ed . 
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11 . 4. 1 PROBLEM AREAS 

The problem areas where ARROW 2 air - conditioning system performance is 
marginal are : 

(a) Cockpit co oling dur ing standby , using the support vehicle. 

(b) Cockpit co o lin g while tax iing . 

(c) Cockpit co o ling and pressurization during descent. 

(d) Pressur ization dur ing zo om to h igh altitude. 

(e) Emergency situations caused by system failure. 

11 . 4 . 2 PROTECTIVE EQUIPMENT 

Apar t from the a i r-condit ioning system , the only eq ipment currently pro­
vided to protect the crew members from environmental hazards is a partial 
pres s ure su it (pressure vest) and an anti-g suit . These garments do not 
prov ide adequate prot ect ion against temperature and pressure in the marginal 
problem areas . The u se of airc!'ew clothing and equipment, now in the 
development stages , however, could provide more adequate protection. 

The RCAF ' s Ins t itute of Aviation Medicine (1AM) is now developing a ventil­
ated su it fo!' protec tion against high t emperatu r e s. !AM i s also developing 
a full pres s ure suit wh i ch, in addition to performing the funct ion of the 
ventilat ed s u i t , prov ides protect ion for indefini t e periods against reduced 
pres s ures a t a ny alt itude. 

Either of these garments may be adop t ed for the ARROW 2 , but selection of a 
garment is dependent on the added protect ion required, and the added com ­
plexity and we i ght involved in providing an air supply to the garment . 

11 . 4 . 3 GARMENT AIR SUPPLY 

Proposed air supply systems for the garments include air supplied by the air 
conditioning system , and emergency nitrogen systems combined with air 
from the air cond itioning system . Four d i fferent air supply systems have 
been investigated . Three of these are applicable to the vent ilated suit, and 
one to the press u re suit . The system fo r the pressure su it provides full 
protection against t emperature and pres s ure . The three systems for the 
ventilated suit provide protection against temperature only, t he extent of 
protect ion required determining the nature of the air supply system . 

The nature of the a i r supply system, the extent of protection provided, as 
related to the previously noted problem areas, and the weight penalty involved 
for each of the four systems investigated are summarized in Table 2. 
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TABLE 2 COMPARISON OF PROTECTION PROVIDED ' 

Problem Area Standb y using Taxi Desce 
Ground Support (Normal Op, 
Vehicle 

System Deficiency Inadequate Cockpit Inadequate Cockpit Air F l ow M . 
Cooling Cooling for Cockpit 

and Pressu1 

I 
I 

CREW'S Weight Penalty 
PROTECTIVE AIR SUPPLY (Air Supply only) PROTECTIO N PROVIDED BY A 

GEAR 

Existing - Not satisfactory Not satisfactory 
Partial Pressure for high ambient for ambient temper -
Suit (Vest) - Oxygen System 0 temperatures atures above 65°F 
Anti 'G' Suit with canopy closed. 

(Pants) - Low Pressure Pneu-
matic System 

I 

' Ex i sting plus Ground support vehicle 
ventilated suit through low pressure Complete pro-
(Ground use side of a i r cond it ion- tection. As above. 
only) in g system. 5. 5 lb 

Existing plus Ground support ve -
ventilated suit hicle or aircraft ' s 
(Ground and air conditionin g 
flight use). system. Same as 

above except for in-
troduction of booste r 12 lb Complete pro-
fan and heater. tection. Marginal 

Existing plus Same as above excep t Complete protection 
ventilating suit for addit ion of a liquid when emergency 
(Maximum utili- nitrogen system for Complete pro- supply used. 
zation). emergency use. 94 lb tection. 

Full pressure Bleed from high pr es -
suit sure side of air con-

(Ventilated) ditioning system 100 lb Compl ete pro- Complete protection 
turbine; no booster fan tection. when emergency 
required but additional supply used . 
cooler (heat exchanger) 
required. Liquid Nz 
for emergency use. 
Ground support vehicle 
for ground use. 
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ISO N OF PR O T ECTION P ROVIDE D IN PROBLEM AREAS 

Taxi 

quate Co c kpit 
Cooling 

Descent 
(Normal Operation) 

Air Flow Material 
for Cockpit Cooling 
and Pressurization 

Zoom to high 
Altitude 

Inadequate Protec­
tion a g a inst l o s s of 
Cockpit Pressur e at 
Hi g h A l titude 

(70,000 ft} 

System 
Failure 

Inadequate 
Cooling in 
D eceleration 
from M. No. 2. 0 

PR OTEC T ION PROVIDED BY AIR CO NDITIO N ING SYSTEM A N D CRE W' S P R OTEC T IVE G E AR 

sati s fa ct o ry 
hi gh ambie nt 
pe r atur es 
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:iple t e pro­
i o n. 

:iplete pro­
ion. 
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ion . 

Not sat isfactory 
for ambient temper­
a t u r e s above 65°F 
with canopy closed. 

As a b ove. 

Marginal 

Complete protecti on 
when emergency 
supply used. 

Complete prote ction 
when emergency 
s up p l y used. 
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12. 0 FUEL SYSTEM 

12. 1 FUEL BOOSTER PUMPS 

A satisfactory solution to the booster pump bypass problem (Ref. Report 
No . 70/ENG PUB/6, Arrow Quarterly Technical Report, March 1958, para 
13. 1) has been submitted by the vendor, and the pump has now been cleared 
for use in the first eight a ircraft. 

12. 2 FUEL-NO-AlR VALVES 

The selected vendors of the fuel-no - air valves for the fuel transfer system 
have experienced difficulty in producing a valve to meet AVRO 1 s specification 
requirement . The vendors' main difficulties were in achieving correct and 
reliable funct ioning of the valve over the wide range of attitudes (± 80° pitch, 
± 10° roll) and fuel flow rates (up to 100 gpm) required . In addition, the 
specified v ibration requirements could not be met unless vibration damping 
mountings were used in t he installation. Consequently, A VRO has conducted 
an investigation on the design and experimental manufacture of a new type 
valve. The results of thi s inves ti gation indicated that an improved fuel-no­
air valve could be developed by AVRO (Ref. Report No . 72/AIREQ 16/2 
"Investigation of t he Feasibility of Developing an Improved Fuel-No-Air 
Valve", March 1958). A des ign development program is currently being 
conducted. 

12 . 2 . 1 AVRO PROPOSAL 

The proposed AVRO valve is shown in Figure 15. The main difference from 
the valve s presently in u se are as follows : 

(a) Use of an electrical device, instead of a float, to discriminate between 
fuel and air at the valve inlet. 

(b) U se of air p ressure gradient from feeder tank to collector tank, instead 
of different ial fuel pressure across the valve as the source of servo 
energy operating the fuel valve. 

(c) Use of a self-align in g swing valve instead of a poppet valve in the fuel 
passage. 

(d) Use of a 1 -3/4 inch d iameter fuel outlet with a screwed connection, 
instead of a 2- 1/2 inch diameter fuel outlet with a bolted flange type 
connector. 

The proposed electrical fuel/air discriminator, is an ultrasonic liquid level 
sensor in which the basic s ensing element exhibits the piezoelectric effect. 
~When this sensing element is exposed to air, a solenoid valve is actuated to 
admit tank air into t he servo cylinder; the swing valve is then operated to 
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close the fuel passage . Unlike t he present fue l - no - air valves , in which float 
typ e d iscrim inat or s a re used, the proper functioning of the A VRO valve is 
independent or or ientatio n w ith respect to t he a ircraft plane of symmet ry. 
The s ensor sens itiv ity, combined w ith t he greater servo p ressure available 
w ith tank pressurizing air, provides valve opening and clos ing response t ime s 
of les s than 1/2 second . A fu rther im pr ovement in valve pe r formance is 
obtained by reducing p ressure l osses in the fuel pas s age , and des i gn ing t he 
i nl et so t h a t a n y tendency t oward formation of v ortices is m i n im ized. 

12 . 3 FLAME PROOFING OF FUEL VENTS 

A rece ntly c ompleted repor t (70/SYSTEM 16/2 13, " Prel im inary Report -
Fla me Proofing of F ue l Vents " - ARROW A ir craft", J u ne 19 58) suggests t hat 
furthe r inves tigatio ns be m a de t o determ ine t he deg ree of prote ction p r ov ided 
by ex isting fuel v ent flame traps. The present loc ation of t he vents renders 
t he fuel ven t d i scharge vulnerabl e to ignition du r ing m issile firing. S ince it is 
d ifficult t o theoretically predict t he degr ee of prot ection afforded by t he flame 
trap s, a ser ies of ground rig tests may be required . This in vestigation wo u ld 
have t o be completed before any a i rborne live firings were a ttempted. 

The fuel vent d ischarges w ill s u pport c ombustion and propagate flame travel 
in the vent lines only when liquid or vapor fuel is p res ent in t he d ischarge . 
Thus, a dangerous situation oc cur s only when m i ssile fir ing co in cide s w ith 
flamable d isc harge from the fu el ven ts. Whether s uch hazardous situati ons 
do oc cur could be established by a theoreti cal investigat ion . The purpo se of 
a the oretical inve stigatio n woul d be t o determ ine the range of fu el - ai r m ix ­
tures enc ount ered , together w ith t he i r veloc it ie s in t he d ischarge p ipe , du r ing 
flight conditio n s pr o ducing flammable m ix tures . The ultimat e obje ct of t he 
stud)' wou ld be t o prove t hat a flame front wou ld not advance along t he vent 
pipe .. 

The poss ibility o f re po sition ing t he fue l vents is currently being in v e stigated . 
Th is can be acc ompl ished in a much shor ter time t han either the theoretical 
study or t h e proposed tests . Should the repositioning of the vents prove 
fe asible , the problem w ill be solved. 
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13. 0 HYDRAULIC SYSTEM 

13. 1 UTILITY POWER SYSTEM INVESTIGATION 

The requirement for modificat ion of the ARROW 2 hydraulic system to allow 
the ASTRA 1 radar antenna to be driven from the utility system has now been 
cancelled by the RCAF. AVRO does not consider that the reliability of the 
flying controls hydraulic system is in any way degraded by use of the flying 
c ontrols hydraulics 'A I circuit to power the antenna drive system. 

13. 2 OPERATION OF LANDING GEAR DOORS 

As previously repor te d, t he nose landing gear hydraulic circuit has been 
redes i gned to automatically close the nose gear do o r following extension of 
the gear. This improves directional stability during approach and landing. 
An electr ic a lly-s equenced hydraulic circuit has b een devised for ARROW 1. 
The ARROW 2 will be equipped w ith a similar system. 

Investigatio ns and flight tests have shown that similar action may be required 
for t he main landing gear doo rs, t o prevent in-flight buffett ing. The main 
gear doo r hydrauli.c circu its have been redesigned to aut omat ically close the 
do o rs using t he mechanical sequencing method, when t he gear is extended. 
Thi s w ill be done on a trial installa ti on basis on one ARROW- 1 a ir c r aft only. 

The system devi sed for closing the main gear do o rs is similar to that which 
was proposed for the ARROW 2 nose door (Ref. para. 14. 3 of the previous 
Quarterly Techni cal Report). A mechanically - operated doo r selector valve 
and ground - act uated doo r selector valve are added t o each ma in doo r hydrau ­
lic circuit. Additional sequence valves, shuttle valves , restricto r s, tub ing 
and fi ttings are introduced, giving a total weight increase of about 30 lb . 

13. 3 WHEEL BRAKE HYDRAULIC SUPPLY 

Further investigations have been conducted into the effe ct s of failures in the 
existing wheel brake hydraulic sub-system. In the event of a failure in the 
normal brake supply, emergency braking is provided by the (1 , 500 psi) 
reduced pres s ure line. However , should failure occur in the emergency 
supply, a total loss of wheel braking cou ld result. Loss of pressure in 
the 1,500 ps i line would cl-pressurize the utilit y system compensator and 
allow the pumps to cavitate , result ing in loss of normal brake system pres ­
sure. 

It is proposed to redes i gn the wheel brake system by delet ing the 1, 500 psi 
emergency supply to the brakes and duplicating the normal pres s ure circuit. 
Thi s ensures that brak ing pressure is s t ill available in t he event of a failure 
in one of t he wheel brake circuits. The new wheel brake system incorporates 
t he following featu res : 
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(a) Two independent, wheel braking s u b-systems, arranged as shown in 
Figure 16 so that failure in either one would leave the other in opera ­
tion. A failure in any other ut i lity sub-system would not affect t he 
wheel brake circuits. 

(b) A separate 110 cub i c inch accumulator in each wheel brake sub-system, 
replac ing the single 200 cubic inch emergency accumulator in ARROW 2 
(Two 110 cubic inc h accumulat ors already exist in ARROW 1) . 

(c) One of the sub-syst ern accumulators is connected to the main utility 
system through a solenoid-operated shut - off valve (see Figure 16) . 
During t he init ial engine starting cycle this valve is opened, allowing 
the brake acc umulator to supply reduced pressure t o the bottom of the 
compensator, via t he pres sure control valve . This ensures that the 
pump suction line is pressurized before the pumps start to operate. 

(d) Each wheel brake sub - system incorporates a thermal relief valve to 
prevent excessive pressure buil d - up due t o i 0,creasing fluid temperature 
dur ing flight. 

(e) Each wheel brake sub-system inc orporates a pressure warning switch, 
connected so that t he cockp it wa r n ing light will be illuminated only in 
the event of loss of b o t h sub-systems . 

(f) When the cockpit emergency bra ke warning light for t he ma in utility 
system ind icates loss of hydraulic pressure, it would have t o be assumed 
that both the u t il ity power circuit and one of the wheel brake circuits 
had failed. A m inimum of ten brake applications could then be made 
befo re lo sing t he ac cumulator pressure in the remaining wheel brake 
circuit. To conse r ve b raking power unde r these conditions, the anti-
ski d system (if incorporat ed) would be shut-off. 

(g) Duplicated components w ill not be incorporated in common housings, 
so that a structural failure of one item will not endanger both circuit s. 

1 3 . 3 . 1 WHEEL BRAKE PIPING 

The wheel brake hydraulic p ip ing, in t he v icinity of the landing gear, has been 
modified to reduce its vulnerability t o damage and the subsequent loss of 
braking pressure . Shuttle valves , prev ious ly loc ated on t he main wheel 
bogies, have been relocate d into the wings to simplify and improve the piping 
on the main landing gear leg s. Each wheel brake unit is supplied by a line 
from a separate shuttle valve. Since a leak in either of the brake supply 
lines can cause los s of flu id when the brakes are operated, hydraulic fuses 
have been introduced to isolate the damaged line. Brake line pressure gauges 
will be installed downstream of the fuses on t he ARROW 1 and 2. This 
modification is applicable t o ARROW 1 and 2, but where the anti-skid facility 
is installed, the requi rement i s covered a utomatically by t he resulting system 
alterations. 
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13 . 4 SPEED BRAKES 

In order to ma intain the operational flexibility of the aircraft during missile 
launching , it should be possible to fire the missiles with the speed brakes 
deployed. lt has been calculated, however, that the missile blast loads on the 
fully extended speed brakes would be unacceptably high . (Ref. section 14. 5 of 
the prev ious Quarterly Technical Report). Further studies have shown that 
the structural limits for the speed brake jack and supporting structure will 
not be exceeded if speed brake retraction is initiated coincident with missile 
extension . The missile and speed brake electrical control circuits have been 
rrio.di fied to provide the speed brake selector valve w ith a "retract" signal, 
when missile lowering is selected. 

Normally the missiles are fired 1 . 5 seconds after the missile doors start to 
open . Therefore , the speed brakes w ill retract for the same period of time 
before missile blast occurs . Calculations have shown that the speed brakes 
will retract to at least the 30° position before the missiles are fired, at which 
point the blast load will not be critical. Under certain flight conditions, the 
hydraulic pumps w ill cavitate as the m i ssiles are extended, causing loss of 
pressure . This allows the speed brake selector valve to go into the "HOLD" 
selection , preventing further blow-back retraction of the speed brakes. To 
avo i d t his situati on , the selector valve will be modified to retain the 
" RETRACT" select ion , in the absence of full hydraulic pressure . A ir loads 
"4ill then continue t o blow back the speed brakes. 

13. 5 ANTI - SKlD SYSTEM 

A trial installation of the Bendix-Pacific anti-skid system will be conducted 
on a n ARROW 1 aircraft. In the light of present knowledge and exper i ence , 
this system appears to offer the most satisfactory method available for ski d 
control. However , both Bendix-Pac ific and Hydro-Aire have been asked to 
s ubmit propo sals for ARROW 2 and are currently investigating anti-skid per ­
formance on t his a i rcraft , particularly with respect to the " leg walking" 
p roblem . AVRO is also engaged in an analysis of the leg walking problem, 
and the influenc e of the b rake pressure applica t ion rate on the problem. 

13 . 6 NOSEWHEEL STEERING SYSTEM 

An e lectro - hydraulic nos e wheel steering system is be ing designed by AVRO 
to replace the o rigin a l" mechani cally-operated system. A tr ial installati on 
will be conducted on aircraft 25202 in order to determine the requirements 
for an operational system for ARROW 2 . For the trial installation , a manual 
selection switch w ill pe r m it the pilot to select three d iffe rent steering control 
characteristics. This will facilitate an assessment of the relative merits of 
linear and non - 1 inear control of no sew heel angle versus rudder pedal deflec -
tion. AVRO will then formulate a specification for t he system, based on this 
assessment. 
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13. 7 HYDRAULIC SYSTEM CONTAMINATION 

The question of hydraulic system contamination is currently being studied. 
This was a primary consideration in design of the ARROW hydraulic systems, 
and consequently contamination is not expected to become a serious problem. 

The following features of the hydraulic system should minimize contamination: 

(a) Pressure filling of the compensators from a ground rig equipped with 
a 5-micron (nominal) filter. 

(b) An airless system, in which there is no contact of hydraulic fluid with 
(dust laden) air. 

(c) Adequate micronic filter arrangements. 

(d) All hydraulic equipment used is specified for operation with a nominal 
10 micron filtration tolerance. 

In order to establish the effectiveness of the precautions taken against con­
tamination in the basic hydraulic system design, the following test program 
will be conducted by AVRO : 

(a) A controlled program of periodic contaminant measurement for : 
bulk hydraulic fluid, fluid from all hydraulic ground rigs used with the 
ARROW, and fluid tapped from the hydraulic systems of the first three 
ARROW 1 aircraft. 

(b) A controlled flight test program of filter changes and analysis of con­
taminan t contained in these filters. 

(c) Considerat ion of a special test program in respect of contamination in 
electrical servo valves. These are the only items of equipment which 
may be marginal with respect to the hydraulic s y stem contamination 
spectrum . 
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14 . 0 FLYING CONTROLS AND DAMPER SYSTEM 

14. 1 FLYING CONTROL SYSTEM 

14 . 1 . 1 INTRODUCTION 

D ;.iring in itial fl ights i n the ARROW flight test program, several flying con ­
trol system c haracter i st ic s requi red attention . These were concerned 
mainly w ith t he feel system and t he qc actuator system. In addition, several 
system improvement s are being investi gated on the flying controls te st rig 
( r ef. p ara . 27. 2 ). 

14. 1 . 2 FEEL SYSTEM - PITCH AND ROLL 

Several undes i rable characteristics of t he p itch and roll feel systems (more 
sign i ficant in roll axis) were reveale d during the flight test program. Exces ­
s i ve backlash between the stick and feel units was eliminated, and the 
fr i ction re duced on the fee l units. This has improved the pitch and roll feel 
characterist ics. 

14. 1. 3 ELEVATOR FEEL AND TRIM UNIT 

The elevato r feel and tr im unit emergency release w ill not be used for the 
ARROW 2 . I n stead , a dual motor fe el and trim un it w ill be used to provi de 
the requ i red reliability of the unit. The tr im actuator w ill be dr iven by two 
i dent i cal constant s t all motors , thr ou gh a d i fferent ial gear assembly. 

14. 1. 4 BOB- WEIGHT 

The weight of t he bob - we igh t wa s decreased in order t o prevent bob - we ight 
motions du ring p itch os cillation s . This w ill also reduce the stick force per 
g . In addition, the bob - we i ght balancin g spring was re des igned to re du ce 
friction. The r e designed compone nts were incorporated on a ir craft 25201 , 
and will be incorporated on all ot her ARROW 1 a i r craft. 

14. 1 . 5 qc ACTUATOR SYSTEM 

The q c actuator , whic h was fitt ed t o aircraft 25201 , failed p ri o r to the first 
fl ight, and was replaced by a simi lar type actuator . Subs e quen tly, an actu ­
ator having a constant s tall motor was obta ined and installed on a ircraft 
25201. The p r oblem of t he limit sw itches d iscussed in the p revious 
Q a rte rly T echn ica l Report , has bee n eliminate d by t he inclusion of a con ­
stant stall motor . 

The actuator t o be use d on t he ARROW 2 w ill incorporate t wo thermally p r o ­
t ecte d motors . One mot or w ill operate in the automatic qc actuator system 
a nd the ot her will operate in c o n jun ct ion w ith the pilot overr i de system. 
Thi s type of actuato r w ill be retrofitted to ARROW 1 aircraft. 
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14 . 1. 6 HINGE MOMENT LIMITER 

It is proposed that a fixed breakout force be included in the upper and lower 
feel units cif the rudder hinge moment limiter. During tests, this change 
resulted in an improvement in rudder centring. If incorporated, the rudder 
pedal self-centring spring will no longer be required. (Ref. 70 /ENG PUB/5 
ARROW Quarterly Technical Report, December 1957). 

14. 2 DAMPER SYSTEM 

14. 2. 1 INTRODUCTION 

Tests have continued on the flight simulator, in conjunction with the flying 
controls test rig and analog computer. Results of these tests were encourag­
ing and a mechanization study is now being conducted. Development of the 
Humphrey stick force transducer is continuing. 

Some damper system changes will be required in order to make the present 
development system compatible with the automatic flight control system 
(AFCS). However, the existing flight test program does not require that 
these changes be made at the present time. A VRO is currently considering 
the installation of the AFCS in conjunction with the flight test damper in 
aircraft 25202 to check the damper system compatibility. 

The pos s ible deletion of the landing gear down mode is being considered. 
This will affect the proposed redesign of the amplifier calibrator. However, 
further flight testing will be required before any change to the landing gear 
down mode can be established. 

C i rcuit diagrams are being prepared for the flight test, developmental and 
production dampers . These will provide damper circuit information for 
pre - installation checks and trouble-shooting . The production damper speci ­
fication (A \TROCAN E-644) has been issued. 

14. 2. 2 STICK FORCE TRANSDUCER 

Test ing continued on the Bell grip and Humphrey grip transducers. Results 
of these tests indicated that the phase shift of the Bell transucer was exces­
s i ve . The Humphrey transducer was satisfactory in t h is r espect and will be 
temporarily installed on aircraft 25202 , in order to activate the three axes 
damping . Further transducer development is required . 

14. 2. 3 CONTROL STICK BUZZ 

Stick buzz (mentioned in the previous Quarterly Technical Report) was 
inve stigated on the flight s imulator . An adaption of the 1. 5 volt filter, as 
used for the structural mode oscillation problem (ref. para. 14 . 2. 4), will 
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be utilized in conjunction with the flight test damper, in order to achieve 
thre e axes damping . A suitable filter will be tested on an ARROW 1 aircraft 
as so on as possible . 

14. 2. 4 YAW AXIS STRUCTURAL MODE PROBLEMS 

The problem of rudder divergent oscillation due to the excitation of the nor­
mal and emergency lateral accelerometer (ref. previous Quarterly Tech -
n i cal Report), has now been solved by the introduction of a 1. 5 volt filter 
(Ay) , and the relocation of the lateral accelerometer (ref. para. 14. 2. 5). 

14. 2. 5 ACCELEROMETERS 

Several problems exist on the accelerometers as follows : 

1. Heaters - It is suspected that leakage from the accelerometers is 
caused by the high p r essure inside the accelerometer, which is in 
turn caused by the high temperatures generated by the existing heaters . 
Honeywell is currently investigating the use of blanket type heaters . 

2 . Thermostatic Switch - This switch was subject to repeated failure, 
and is being changed by Honeywell. The modification will be retro­
fitted to all other accelerometers. 

3 . Accelerometer Damping - Honeywell will consider viscous damping 
for t h e accelerometer in place of the magnetic damping used at pre -
sent. 

4 . Mounting of l a t e ral accelerometers (yaw axis) - After the first flight 
followin g the g ro unding pe r iod, it was discovered that the two lateral 
acc e l e rometers were installed 180° out of pos ition . AVRO is now 
ins t all in g a bracket whi ch will prevent the mounting of the ac c elero­
meter s in the wrong position. 

5 . Location of Acce lerometers - The 1 cps oscillation in the normal 
a n d e mer gency yaw dampers has bee n eliminated by repos it ioning the 
t wo lateral acce l erometers from the armament bay roof to the equip­
ment bay . This caused minor relocationing of the pitch damper 
acc e lerometers a lso located in the equipment bay . 

14 . 2 . 6 g -LlMITER 

AVRO has now r eceived information for the installation of the g - limiter and 
associated equipment and wiring. Deliveries of the g - limiter from Honey­
well will be g in du r ing July and t he equipment will be retrofitted to all air­
craft. In order to improve the accessibility o f the aft g -limiter accelero­
meter, it has b e en repositioned from the duct bay, under the wing , to ins ide 
the dorsal, o n the ri ght-hand side of the aircraft centr e line . To make the 
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system components compatible, the forward g-limiter accelerometer was 
also moved to the right-hand side of the aircraft centre line (in the arma­

ment bay). 

14. 2. 7 POSSIBLE DELETION OF THE LANDING-GEAR-DOWN MODE 

The effects of deleting the landing-gear-down mode will be investigated and 
will require flight testing of the complete damper system. The deletion of 
this mode would result in the increased reliability of the damper system . 

14 . 2. 8 INSTRUMENT PACK 

Difficulties were encountered when the instrument pack was connected into 
the aircraft damping system. The installation of instrumentation is therefore 
being reviewed . It i s anticipated that the necessary changes will be com­

pleted before the ne:xt flights . 
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15 . 0 OXYGEN SYSTEM 

15. 1 OXYGEN CONTENTS INDICATORS 

All ARROW 1 a i r c raft and the fi rst t hree ARROW 2 aircraft will be equipped 
w ith a Honeywell oxygen gauging system . This system includes a contents 
ind i cator with a bui lt -in amplifier located in the pilot ' s cockp it , and repeater 
i nd icat or in t he r ear c ockp it. The fo u rth and subsequ ent ARROW 2 aircraft 
w ill b e equipp ed w ith improved cont ents indicators , also developed by Honey­
well. The ind icators w ill incorporat e integral light ing and w ill b e identical 
fo r eac h c ockp it. The rear indicat or , however, will still be a repeater o f 
the fr ont co c kp it indicat o r . 

15 . 2 WATER DRAINS 

I n o r der to absorb mo i sture formed by condens ation at the base of the con ­
ve r t er, a r emov e a b l e sponge w ill be mounted below the tray. lt is conside r ed 
that normal evapor at ion w ill p r eve nt saturation of the sponge. 

15. 3 ARROW 2 OXYGEN CONVERTER 

Th e in stalla tion o f t he liquid ox ygen converter was not demonstrat ed at the 
ARROW 2 mock-up confer ence h e ld i n September 1957. Approval of the 
l o c ation and mou nting of a B e nd ix converte r was obt a ined follow ing a demon ­
strat ion given by AVRO in May 19 5 8 . 
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16. 0 ARMAMENT 

16 . 1 ARROW 1 

Discussion s h ave con in ue d bet we e nAVRO and Cana da i r on the testing of 
Control Test V ehicles (CTV)o It has bee n agreed that Canadair will b e res­
ponsibl e for obtaining t he use of a mi ss ile fi1·ing range , condu c ting the test s 
and arran g ing w ith the RCAF for t he typ e o f aircraft to be used (CF - 100 o r 
ARROW}o A ircraft w ill be se le cte d from those al ocated t o the Canada ir 
Spa r r o w m issil e development program. 

16 . 2 ARROW 2 

Th e follo w ing sub jects are current l y under review wit h reference to their 
effects on the Sparrow 2D m issiles in stallat io n : 

16. 2 0 1 DEFLECTION EFFECT O N ANTENNA LINE OF SIGHT 

Th e m agnitu d e of the d eflections betw een the aircraft antenna and missile 
a n t enna is still ·nder inv stigat i on . F inal results, which will be based on 
ground resonanc e tests, are not ye t available. 

16 0 Zo 2 M ISSILE INTERFERENCE (STR UCTU RAL DEFLECTIONS} 

Inve stigations have shown t h at whe n allowance is made for all adverse t oler ­
anc es a nd deflections , it is possible for a foul t o e x ist bet ween the m issi le 
body and l a n c h ing rails . Invest i gations are currently be in g conducte d by 
A V RO a n d Cana dair into the best me t hod o f protecting the m issile from 
d a mage in b oth s t owed a nd l aunch positio ns. 

M i ssile and l a n cher s i de deflection s w ill be rest r icted by guide plat es located 
o n each s ide of the openings i n t he weapon p ac k bottom skin, whe n t he m issi le 
la n chers ar e in t h eir stowed pos ition . When s ide loads are app lied to either 
t he l a uncher or m issiles, the p lates w ill guide them to a central position , 
thus prot e c ting t he sealing s trip s ar ou nd the pack openin g from damag e o 

16 . 3 MIS ILES 

T he p revi ous Q ua r terly Te chn ical Repo rt s tated t ha t AVRO is re s pons ib le for 
determining a nd r e c o rding the environment in wh ich the Spa r r ow 2D missiles 
m us t exist a nd funct ion , up to t he time the m i ss 'l e w ings were unlockedo 
This should have read tha t A VR O i s res p ons ible for de t ermining and record­
i ng, t hat p art of the e nvironmental cond itions in wh i ch the Sparr ow ZD M is­
siles must func tio n as part of t he ARROW weap on s ystem, up to t he time of 
umbilical plug sep aYat ion o 

AVRO w ill also e res ponsi le for q alification testin g of that po rtion of the 
u mb ilical p lug located on , a nd forming part of the m i ssile laun cher. In 
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a ddition , AVRO will e responsible for qualification testing of the matin g por ­
tion of t h pl g {located in t he missile), b t w ill not be responsible for t h e 
plug loca ion at achment o r a s sociat d w ir ing in s ofar as the m i ssile i s con ­
ce rned. 

16. 3 . 1 MISSILE PROTECTION 

A jettis onab le cov r is being designed t o protect t he m i ssile from e xce s ive 
skin temperatures . The covering w ill be installed over t h e nose a nd b ody of 
each mis sil hut not o ver the m issile w in gs or fi n s. Wind tunnel tests w ill 
b c onduct ed at NAE t o chec k t he jettison characteristics of these covers . 
Je tti son w ill he in itiated by th opening of t he mis s ile doo rs. 

16. 3. 2 UMBILICAL PLUG 

Ge ometry d raw in gs of the proposed AVRO u mbilical plug retraction me chan ­
ism , based on t he se of a Deutsch connect o r (DM960 6 - 37), have bee n se nt t o 
Canadair . M issile design c hanges, t o accom m odat e this conne c to r, w ill b e 
Canadair ' s responsib ility. 

16. 3 . 3 MISSILE WlNG ACTUATION T IME 

The met hod of controlling t he m is ile w in g hy d raulic unlock is still unde r 
c onsideration. AVRO has state d that for a i rcraft safety reasons, the m i ss ile 
wings m u.st r m a in loc ked u n til the launched m i ssile is 32 feet forward o f its 
pre - laun h po s ition . At h e sam e t ime, in o r der to m in im ize dispertion , 
flight cont rol of t he m i s s ile mus t be obtain e d as s oo n as poss ible aft r the 
c ommencem n t of m issile laun c hing . 

16. 3 . 4 DES IGN CONS DERAT IONS 

AVRO has be e n adv is d by C anada i r of c hange s to t he e xternal p r ofile of the 
Spa r r ow 2D m issil . These hanges are due t o t he a ddition of s pottin g 
c h arges, fl re s, te lem try cables etc. to vari s C a nadair test vehicles . 
Canadair has been req uested for a drawin g of all profile variations , so that 
t he various typ s o f m issile test vehi les an be acc ommodated in the weap on 
p ac k str ctu r e. 
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1 7 . 0 ESCAPE SYSTEM 

At t he RCAF ' s request AVRO has p re pared a program to evaluate the ARROW 
escape system . Repor t No . 72/SYSTEM 24/20 5 - Development Program for 
t he ARROW Escape System outlin i.ng the proposed t es t and development pro ­
gram , was completed in J u ne 19 58. 

17 . 1 EJECTION SEAT DEVELOPMENT 

Martin - Bake r is curre nt l y conducting a development program on leg , arm and 
head restraints, for u se w ith the MK . C 5 seat. 

17 .1. 1 LEG , ARMAND HEAD RESTRA INT 

Leg Restraint - The front face of t he seat pan w ill b e extended by four to five 
i nches, p r ovided t here is sufficient space in the cockpits. The extended area 
will be padded t o cushion the pres sure b e t ween the pilot ' s leg and the forward 
face of t he seat pan and w ill prevent t he legs b eing b lown back under the seat . 
lt is anticipated t hat prob lem s cou ld arise w ith t he leg restraint line du e t o 
the additional s t ructure req ired t o s pport the p r oposed extension . 

Arm Res t ra int - lnvesti gation and experiment al te s ting of arm restra ints , are 
be ing conducted. The result of these tests are not yet availab le from Martin ­
Baker . 

Head Re st raint - Mart in -Ba ker considers that any mechanical means of head 
restraint could be extremely dangerou s . The RCAF proposed head restraint 
w ill t herefor e b e integrate d with the face sere n , and will be operat ed by one 
hand, while the o t he r hand operates t he " D " ring . 

17 . 1. 2 DUPLICATE CANOPY FTRlNG CARTRIDGES 

Mart in - Baker is not in favo-:i r of providing d up licate canopy firi ng cartridges, 
or alternating firing control in the s u ggested locat ion betwee n th e crew 
members' l egs. Martin - Baker has fur t her stated that t he present seat firing 
as s embly i s 10 % reli able, a nd since t he canopy release u ses the same 
p rin ciple of firing assemb ly (not du pl icated) as the seat , it wo ld not seem 
log i cal to dup licate the s eat eJe c tion cartridges . Martin-Baker has, however , 
been informed that du plicati on i s a requi rement and they h ave been invited to 
develop a sys t em . 

17 . 2 SLED TESTING OF THE ESCAPE SYSTEM 

The or iginal sled t est ing requ i rement s have been changed, due to t he assess ­
ment of the existing escape system (se e para . 17. 0). Consequently, a simu­
lated forward f selage she ll , w ith p r oduct ion coc kpit equipment, will b e use d 
in place of the proposed p r oducti on ARROW front fuselage section. Coleman 
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Enginee ring h a v e be e n notified of the requi rement changes . Contractual 
negotiat ions a re b eing conducted w ith Coleman Engineer ing for the execution 
of t he sled t ests r eq ired in the new evaluat ion program . 
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18 . 0 DRAG CHUTE 

18 . 1 ARROW 1 

For the initial flights of aircraft 25201, it was ne c essary to remove some of 
the drag chute box doo r seals to improve doo r operation . Consequently, the 
po s sibili ty of water enter ing the stowage box and ice forming on the do o rs is 
bein g investi gated. The detr imental effect of ice on the do o r operation , and 
the use of more effe ctive seals will also be cons i dered. 

Testing has revealed the po s sibility of the re lease mechanism unlocking pre­
maturely. A tens ion spr ing has been added t o t he me c hanism to overcome this 
problem. 

W ith the present system of drag chut e deployment, it i s suspected that damage 
is caused t o t he dra g chute line s by the shackle after je t tison. An alternative 
method of deployment , in wh ich the deployment bag i s ret ained in t he aircraft , 
w ill be tes t ed on aircraft 2 5202. W ith this me thod, the drag chute and l ines 
w ill be contained 1n a s leeve , and pulle d from the a i rcraft by the drogue chute . 
The we igh t of the d rag chut e will b e d i str ibuted over the lengt h of the sleeve 
d u r ing the streaming operation ; he drag chute being clear of the runway at 
speeds above 80 knots . The drogue c hute w ill b e attached permanently to t he 
dr a g c hut e , a nd t he sleeve only will b e jetti soned when the canopy inflates. 
It is con sidered that t h is m.ethod may als o reduce the tendenc y for the drag 
c hute t o s t ream to one side of t he j e t b l ast. 

18 . 2 ARROW 2 

The operat ing c h a r acteristic s of a 24 - fo (,,t ground st reaming drag chute , and a 
21 - fo o t air s treaming drag c hute a re shown in T able 3. The 21 -foot chute 
g ives a shorter l anding d istance , but in view of t he unp redi ctable effect of an 
a i r - streamed chute o n t he airc raft, a 24 - fo ryt ground s t reaming drag chute 
ha s been retained for the ARROW 2. 

The existing loads a nd conditions w ith t he 24 - fo o, t d iameter drag chute perm it 
a caning a ngle of ± 9 °. However , t h e drag chute attachm e nt structure w ill be 
s tre n gthened, and t h is w i ll ena b le t h e d rag chute to be streamed at a can ing 
a ngle of± 15° ; i. e. , the s w i rling mot ion may p r oduce a m a x imum angle of 15° 
between the dra g chute ax is a nd the a i rcraft d i rectio nal axis, w ithout endange r ­
ing the attachment structure by side or v erti cal loads . 
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19. 0 STRESS ANALYSIS 

19. 1 THERMAL STRESS ANALYSIS 

The thermal stress analysis program has been established and will be con ­
ducted in three phases. 

The first part of the program is nearing completion, and is primarily an 
exploratory study to determine the extent of visualized therrral problems, 
and the importance of these problems on the ARROW. To enable a simpler 
and more rapi d evaluation of the thermal conditions which may exist in the 
wing, the analysis assumes various constant fuel levels throughout any 
m i ssion. Also , the effects of fuel splashing is neglected, and the local effects 
of fuel splashing is neglected, and the local effects due to stringers are not 
fully included, 

Part Z a i ms to establish the thermal restrictions to the flight envelope, and 
the extent of the study will depend upon information established by part 1. The 
thermal effects at several constant altitudes will be studied for various rates 
of accelerations and acceleration times. The thermal effects will then be 
inte rpreted i n terms of the reduction of allowable manoeuvre factor. This 
information can then be presented as a family of curves which may be super -
imposed on the flight envelope for each altitude. The information received 
during this study will also be used i n the third structural matrix (discussed 
in previous Quarterly Technical Report), which has been programmed to 
include the determination of the thermal stress effects. 

In part 3, the effects of creep and fatigue will be studied. Although these 
effect s will be conside red to some degree in parts 1 and Z, they will be 
e xamined more fully in this part of the program. 

19. Z INITIAL STRUCTURAL INTEGRITY PROGRAM 

The initial structural integrity tests are scheduled to be conducted between 
August and Dec ember 1958, in conjunction with tests on stability, control, 
flutter and systems. It is intended to flight test only those manoeuvres which 
can be monitored safely with available instrumentation. Consequently, the 
terminati on points will be the attainment of 80% of limit loads or 80% limit 
stresses, whichever are lower. 

It is proposed to work within the framework of cases which have been issued 
and analyzed. These causes include steady pull-out, checked pull-out, 
steady push down, checked push down, rolling pull-out, and rudder manoeu­
vres. 

A number of structural temperatures will be measured during the tests. The 
results will serve to check the accuracy of estimated temperatures used in the 
d e sign of structural components, and in the thermal stress analysis . Internal 
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pressures will also be measured to ensure that the structural maximums are 
not exceeded. 

19. 3 STRESSING OF HYDRAULIC PIPING 

The hydraulic piping stress investigation has been concerned mainly with the 
high pressure piping of the ARROW flying control system. The basic require­
ment for the piping is an infinite life under both pressure and flexing pulsa­
tions. Pressure pulsations were taken as 0-5300 psi, and in accordance with 
ANC-5, the infinite life span is taken as 10 7 cycles. An allowable 3-1/2% 
ovality was considered. 

The existing piping is of stainless steel made to CS-T-162 (M-7-14) and 
CS-T-163 (MIL-T-6845). As required fatigue curves and endurance limit 
stresses were not available for piping made of this material, the required 
information was extrapolated from test data. This data established an endur­
ance limit of 45, 000 psi circumferentially and 60, 000 psi in the longitudinal 
direction. These values were then used to develop the interaction stress 
curve which was used to determine the fatigue life of the various piping. 

The endurance limit is being checked through pressure pulsation tests con­
ducted on tubing of various diameter and wall thickness combinations. The 
test results show the endurance hoop stress limit to lie between 41,000 psi 
and 44, 000 psi. However, the tests are being conducted on specimens of 
MIL-T-6845 material for which the ultimate tensile strengths range from 
112,000 psi to 119,000 psi. By using M-7-14 , material,which has a minimum 
specified ultimate tensile strength of 125,000 pst, the endurance limit may 
be achieved. 

The results of the investigation have shown that all pipes on the pressure 
side of the flying controls hydraulic system (4,000 psi system) will have to be 
replaced. These will be replaced by pipes to CS-T-173 (M-7-14), which have 
a slightly larger wall thickness. 
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20. 0 MOCK-UP. 

20. 1 SUMMARY OF MOCK-UP ACTIVITIES 

As the result of the ARROW 2 mock-up conference in September, 1957, a 
total of 252 change requests required investigation. The effects of these 
changes are being determined by AVRO, RCA, Martin-Baker and the RCAF. 

20. 2 STATUS OF MOCK- UP CHANGE REQUESTS 

The cur r ent status of the 252 changes are listed below: 

Under-
Initial going 

Items Not Change Investi- Correc- Com- Demonstra-
Subject Code Evaluated Req 's t s gation tive Action pleted tion Req 'd 

Cockpit A 1 62 11 12 39 5 
Structure B 1 + # 51 5 8 38 1 * 
Eng ine 
Installation C 17 3 14 
Electrical D 22 2 4 16 
A i r Cond'g E 7 2 5 
Low Press. 
Pneumatics F 1 1 
Fire Exting. 
System G 3 3 
De-Icing H 2 2 
Fue l System I 11 2 1 8 l 
Hydraulics K 15 2 2 11 
Oxygen 
System L 1 + # 5 1 4 1 
lnstruments M 7 2 1 4 
ASTRA I N 1 34 9 8 17 1 * 
Armament 0 1 15 4 2 9 1 

5 252 37 44 171 10 

* Explanatory data will be provided in lieu of demonstration for these items. 

# Two items previously listed as not evaluated, have now been approved. 

20. 3 FURTHER DEMONSTRATIONS 

The remaining five items of the or i ginal ten not evaluated during the mock-up 
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conierence will be demonstrated at a later date. 

The following items will be either demonstrated or covered by letter( s) to 
the RCAF. 

Description 

Pilot's and observer/Al's seat 
Console lights 
Cockpit lights 
Map lights 
Intensity of light 
Facilities for bladder tank removal 
Facilities to remove fuel booster pump 

gear box 
Seat oxygen equipment 
Antenna multiplexing 

Missile umbilical plug and rail 

ReL Code 

A. 24 
A. 8 (Cat. 1) 
A. 12 (Cat. 1) 
A. 37 (Cat. 1) 
A. 38 (Cat. 1) 
B.11, Pt. 2 

I. 1 (Cat. 1) 
L. 5 
N. 18 

o. 7 

Form of 
Demonstration 

Aircraft 
II 

II 

II 

II 

Letter 

Mock-up 
Aircraft 
RCA to clear 
by letter 
Test rig 

Items in the above list with their category marked in brackets e. g. (Cat. 1) 
were changed as a result of the mock-up conference, and will be redemon­
strated. 
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ll. 0 COMPONENT DESIGN 

21. 1 WING DESIGN 

In addition to splitting of the ailerons as mentioned in the previous Quarterly 
Technical Report, the elevators have also been split to alieviate the effects 
of control surface movement under deflected wing conditions. Each elevator 
has been split at approximately mid-span. Two stainless steel angles are 
riveted to rib number 7 to form the seals which slide over the outboard por­
tion of the elevator in the area of the split. A shear fitting is attached at the 
trailing edge . 

The failure of the aileron on test, which was reported in the previous Quarterly 
Technical Report, was caused by the aileron being deflected beyond the de sign 
limits. 

Other design work on the ARROW l includes schemes for the addition of light­
ening holes in the inner skin of the main landing gear doors. Design work on 
the ARROW 2 includes the installation of nitrogen lines for cooling the IR 
seeker and schemes for remote greasing of elevator and aileron controls. 

Due to difficulties encountered dur ing assembly, the attachment of rib number 
4 (auxiliary spar to main spar) to the main spar has been redesigned. The 
redesign will be incorporated on aircraft 25209 and subsequent aircraft. 

21. 2 WING STRESS - ARROW 1 and 2 

The fatigue analysis, based on obtaining a 3, 000 hour fatigue life, is contin­
uing on the elevator and aileron control boxes. Comprehensive tests, including 
a fatigue test of the elevator on the static test aircraft, will serve to check 
t he theoretical analysis. 

The analysis of the inner wing posted box test results has been completed. 
Results have been sati s factory, although a zero strength margin was obtained 
for some cases, and these are being rechecked. 

21. 3 RADAR NOSE DESIGN 

21. 3. 1 RADAR NOSE DESIGN - ARROW 1 

Schemes for the fixed camera installations in aircraft 25203 are in work. A 
preliminary investigati on on the installation of a strike camera and a servo 
camera (coupled with radar antenna) on aircraft 25204 and 25205, is currently 
in progre s s. 

21. 3. 2 RADAR NOSE DESIGN - ARROW 2 

RCA indicated that the cooling air flow in the radar nose was inadequate, 



and a redesign of the structure to increase the flow has been completed, 

Present design work includes the provision of instrumentation in the radar 
nose of aircraft 25207. 

21. 4 RADAR NOSE STRESS - ARROW 2 

The preliminary evaluation of the radome materials has been completed. 
Five different materials have been considered, but additional tests will be 
required before complete evaluation can be made. The radome will be man­
ufactured by Brunswick-Balke-Collender to AVRO specification. 

21. 5 FRONT FUSELAGE DESIGN 

21. 5, 1 FRONT FUSELAGE DESIGN - ARROW 1 and 2 

Flight experience on airc·raft 25201 showed that a redesign was necessary on 
the air intake side skins and stiffeners (between stations 202 and 255), to 
prevent cracking of the external side skins. This redesign has been com­
pleted for ARROW 1 and is in work for the ARROW 2. 

21. 5, 2 FRONT FUSELAGE DESIGN - ARROW 2 

Present design work includes the incorporation of flying control boosters in 
the aileron control system. In addition, design work is being carried out on 
the cockpit ducting and silencers, to reduce cockpit noise. 

21. 6 FRONT FUSELAGE STRESS - ARROW 2 

The investigation is continuing on the use of Sierracin 880 with sierracote 
demi sting medium for the windshield and canopy. Evaluation tests are 
currently being conducted on this material. 

The test requi sition for the Obs/AI ' s canopy window is being issued and 
includes requirements for proof and ultimate pressure testing, thermal shock 
and thermal cycling. 

21. 7 CENTRE FUSELAGE DESIGN 

21. 7. 1 CENTRE FUSELAGE DESIGN - ARROW 2 

The eq,iip ment bay side access doors (at station 255 - 292) have been modified 
to p r oviCe horizontal opening to facilitate the installation and removal of 
doppler radar equipment. Production drawings for this work have been com­
pleted. 

The fabrication process for the Fiberglass heat exchanger outlet duct has been 
completed and submitted to the sub-contractor . 
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21. 8 CENTRE FUSELAGE STRESS - ARROW 2 

The drawings for the equipment bay side access doors ( ref. para. 21. 7. 1) 
are being processed. 

The stress analysis of the weapon/instrument pack has been completed. 

The Fiberglass heat exchanger outlet duct will employ NA91LD resin. Re­
design of this duct employing a light core material for the top hat stiffeners 
is being investigated. The first manufactured duct of this type will be used 
for material evaluation. 

21. 9 DUCT BAY DESIGN - ARROW 1 and 2 

No major design work has been done on the duct bay during the past quarter, 

21. 10 DUCT BAY STRESS - ARROW 2 

• SECRET 

The investigation of loads on the extended speed brakes during missile firing, 
mentioned in the previous Quarterly Technical Report, has been completed. 
The increased loads will be accommodated by hydraulic system changes, and 
no modifications are required to the speed brake structure. (Ref. para. 13. 4). 

21. 11 ENGINE BAY DESIGN - ARROW 2 

Following the investigation on moving the air flow restrictor forward in the 
engine bay, requested by Grenda Engines, the restrictor shroud and variable 
restrictor will be repositioned in the v i cinity of station 630, ( ref. para. 9. 2). 

21.12 ENGINE BAY STRESS - ARROW 2 

A stress investigation into the effects of moving the air flow restrictor for­
ward has been completed with satisfactory results. 

21. 13 REAR FUSELAGE DESIGN - ARROW 2 

Schemes are approximately 50% complete for the jettisonable nozzle ( ref. 
previous Quarterly Technical Report). Production drawings for structural 
provisions are being completed. 

21. 14 REAR FUSELAGE STRESS - ARROW 2 

A strength survey was conducted on the ARROW 2 rear fuselage structure to 
determine the required changes, should a larger drag chut e be installed. 
However, it has been decided to retain the 24-foot diameter drag chute as 
presently employed on the ARROW I. The loads produced by this drag chute 
are within the capabilities of the existing ARROW 2 fuselage strength, and 
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the drag chute attachment structure will be further strengthened to permit a 
coning angle of± 15° ( reL para. 18. 2). 

21. 15 FIN AND RUDDER DESIGN - ARROW 1 and 2 

The rudder has been split to alleviate control surface buckling when the sur -
faces are moved under deflected fin conditions. The split separates the 
rudder in two parts at approximately mid-span. The seals are similar to 
those on the elevator ; i, e. they consist of two stainless steel angles, riveted 
to rib number 12, and slide over the upper portion of the rudder in the area 
of the split. Shear connections are provided at the front spar and trailing 
edge member. The shear connection at the front spar also supports the 
wei ght of the upper portion of the rudder. 

21. 16 FIN AND RUDDER STRESS - ARROW 1 and 2 

The split rudder design is currently being stressed. 

21. 17 LONG RANGE TANK 

The design work on the long range tank is progressing satisfactorily and 
production drawings have been issued for the forward section. An investi­
gation on tan k jettisoning revealed interference between the rear fairing and 
fuel di sconnect, resulting from the yawing and rolling of the tank when released 
from the aircraft. To eliminate the possibility of the fuselage structure being 
damaged during tank jettisoning, a weak portion will be introduced i n the rear 
fairing of the tank at the fuel d i sconnect location. In addition the length of the 
rear fairing has be e n increased to reduce aerodynamic drag. The design of 
t he aft release me chan ism will be changed to prevent possible premature 
releasing o f the tank, under deflected fuselage c oriditi'ons .. 

21. 18 LANDING GEAR DESIGN 

During thE' c ompletion of the eleventh flight of a ircraft 25201, the left~hand 
landing gear locked in the down position, but failed to extend fully. As a 
result, the wheel bogie failed to twist into a positi on parallel with the a irc raft ' s 
longitudinal a xis. 

When the main gear u plock is released, and the landing gear begins to lower, 
a spring acting on the extension mechanism begins to extend the gear. At 
the same time a helical cam track causes the lower part of the gear (and 
wheel bogie) to rotate. As extension continues, the spring force decreases , 
after which the wei ght of the lower part of the gear provides the main extending 
and twisting force. When the fully extended position i s reached, the wheel 
bogie b e comes loc ked in the extended and i n -line position. To effect shortening 
during retraction, a chain is attac·hed to the sliding barrel of the extended 
portion of the leg which passes to the top of the leg and over a sprocket wheel. 
The chain then passes around a second sprocket wheel, which is attached to a 
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dust cover, and its end attached within the leg. The dust cover is fixed in 
relation to the wing structure, so that as the leg retracts, the effective 
length of the chain shortens and the extension mechanism is eventually forced 
against the spring. Similarly as the leg lowers, the chain will control the 
movement of the extension mechanism. 

It is suspected that the failure of the gear to extend fully was caused initially 
by excessive friction in the extension mechanism. This allowed the chain to 
slack en and become trapped between the dust excluder and the top of the main 
leg. As a result, the extension mechanism was held short of its locking posi­
t ion when the gear locked down, as shown in Figure 18. 

Subsequent to the accident to aircraft 25201 tests were conducted at Dowty in 
which the friction of the extension bearing was increased. Lowering of the 
gear under this condition caused the chain to loop and jam at the dust cover. 
On one occasion, when it was thought that the chain was clear, the gear was 
allowed to continue lowering. In actual fact the chain had jammed, and caused 
damage similar to that occurring on the L . H. gear extension mechanism of 
aircraft 25201. 

To prevent the possible recurrence of this condition, the extension spring 
force will be increased from 600 lb. to 1000 lb. in the contracted position. 
Also , before installation on the aircraft, each leg will be subjected to the 
most rigorous tests to ensure that the extension mechanism functions 
properly. 
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FIG. 18 DETAIL OF LEG SHORTENING MECHANISM 
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22, 0 MAINTENANCE AND RELIABILITY 

22, 1 MAINTENANCE ENGINEERING 

During the reporting p eriod, the efforts of Maintenance Engineering group 
have b een concentrated towards the Per sonnel Requirements Data (PRD) 
study of ARROW 1 maintenance instructions and revision of GSE list, In 
addition, maintenance design change requests r esulting fror,n experience 
gained on aircraft 25201 and periodic insp ection schedules have been issued, 

22, 1. 1 PERSONNEL REQUIREMENTS DATA STUDY 

AVRO maintenance analysts have been engaged on the PRD study s ince 
1 April 1958, and the study is now 20% complete , In May, AVRO and the 
associate contractors (Orenda , RCA a.nd Ca.nadair) established a. schedule 
for the delivery of PRD information, The RCAF has since agreed to the 
propos ed target date of 1 April 1959 for the initial submission o! the com­
plete airframe program, It was emphasized that in order to meet the 
schedule, immediate contractual coverage by the RCAF for the sub-contrac­
tor s would be necessary. In addition, it was stated that the associated con­
tractors portion of the program would slip proportionately with the date of 
receipt of the contractors coverage, Contractual coverage has not yet been 
provided for Orenda, Canadair and RCA, and consequently AVRO has not 
received input s from these companies, 

22 , 1, 2 FLIGHT TEST COVERAGE 

It is considered that the twenty-four hour maintenance coverage of experi­
mental aircraft is no long er required, However, the maintenance of aircraft 
in Experimental Flight Test is being monitor ed throughout the normal working 
day by maintenance analysts, Reconrn endations continue to be made to the 
Product Design D epartment for imp r oving the maintenance and accessibility 
aspects of the aircraft, 

22, 1. 3 INSPECTION SCHEDULES 

The periodic (2 .5 hours) inspection schedule has been issued along with the 
revised special insp ection requirements, resulting from the qualification 
test program on a i rborne equipment. 

22, 2 GROUND SUPPORT EQUIPMENT LIST 

The revised list of ground support equipment ( 70/GEQ/2) for the thirty-seven 
aircraft program was submitted 30 Ap ril 1958 for- RCAF approval. Further 
revisions to this list are: now in work as a r ies"Ult.of a change in the aircraft 
scheduling program, and additional RCAF requirements , These changes are 
being made in conjunction with all associat.e contractors and the RCAF. 
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22. 3 RELIABILITY ENGINEERING 

22. 3. 1 EQUIPMENT QUALIFICATION 

The total number of bought-out equipment items for the ARR OW 1 has been 
revised from 9 65 to 798 due to segregating the CS parts from the bought-out 
eq uipment items. The qualifi cation status of bought-out equipment is as 
follows: 

Qualified items applicable to ARROW 1 202 

Limited flight approval item s 289 

Items which do not require qualificati on a ction 231 

Government furnished airborne equipment 49 

Items to be qualified 27 

Total 798 

A ll items with limited flight approval based on engineering judgement, have 
now been raised in status to limited flight approval with specific limitations, 

The quantity of ARROW 2 bought-out equipment items has also been revised 
due to the policy of dealing with CS parts s eparately. This has reduced the 
numb er of items from 924 to 797. The qualifica tion status is as follows: 

Qualified items applicable to ARROW 2 11 

Qualified items common t o boih ARROW 1 and 2 - 72 

Items which do not require qualification action 3 

ASTRA I and Government Furnished Airborne 
Equipment 186 

Unqualified items common to both ARROW 1 
and 2 

Unqualified items applicable t o ARROW 2 

Total 

172 

293 

797 

A complete re-issue of Report No , 71/REL 00/1-2 (Qualification Status 
Airborne Equipment) was issued in May and an amendment to the above was 
issued in June. 
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22 . 3 . 2 RELIABILITY ANALY SIS 

D evelopme nt defects and utilizat ion da ta, have been collected on aircraft 
25201 and 2 5202 dur ing the p ast quarter . In order to evaluate the problems 
associated w ith t he a ctu a l c ollection of defects , the responsibility of com ­
piling deve lopment defects a nd tilization dat a in the Experimental D e p art ­
ment has be en transfe rred t o flight t est sub-foremen and to qu a lity eontrol 
p ers onne l in P r oducti on Flight Te st. To date, two defect summar ie s and 
IBM tabulations, complet w ith c ode bo ks , have been issued to the RCAF. 
In future t h ese w ill be issued monthly. The first ut ilization record is 
e xpec t d to be complete d by Aug st. 
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Z3.0 GROUND SUPPORT EQ UIPMENT 

23. l ARROW l 

Engineering i s complete on the J75 P5 afterburner sling. Four item s rem ain 
outstanding to complete the ARROW 1 ground support equi pment; a winch to 
raise the fire extinguisher bottles into the aircraft, and a tool for removing 
the canopy pip pin. Two new items, a Goodyear brake wrench, and a P 5 
engine alignment template , have been added to the list and are currently 

being des i gned. 

23. 2 ARROW 2 

The following items have been added to the ARROW 2 ground support equip­

ment list, and the drawings completed: 

Jacking pad adaptor . 
Ai r cond itioning heat exchanger system . 
Air conditioning water t ank sling, 
Air conditioning turbine and compressor sling . 
Offset fitti ng grease gun. 
Main landing Jack tool adjuster. 

Drawings for t he following outstanding items of ARROW 2 ground support 

equipment have been completed: 

Miss ile trailer /hoist. 
Eng ine exhaust covers . 
Air conditioni ng pack . 
Canopy locking actuator . 
Iroquois engine change stand . 
Iroquoi s change crane . 
Fuel tank test intercooler u nit . 

The ARROW 2 radar mal.ntenance stand i s being designed . 

Eng ineering 1s still outstanding on the following items required for the ARROW 

2 ground support equipmen t : 

Engine a i r turbine start e r . 
Power and air conditioning truck . 
Armament harmonization stand. 
Weapon pack test console. 
Auxiliary external fuel tank trailer . 
A ircraft component slings for: 

Aileron control box 
Ailerons 
Tailcone 
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Main landing gear installation stand • 
Nose landing gear installation stand. 
Universal stand for removal of aileron and elevator control boxes. 

23. 3 MOBILE GROUND POWER UNITS 

The procurement of air conditioner/generator units and starter units has 
been discussed with the RCAF during this reporting period. Delivery of the 
first pair of these units to support the ARROW 2 development program is 
required in twelve months. As a result of these discussions, AVRO decided 
to either procure the units from a sub-contractor or design and produce the 
units, with engineering assistance from vendors specializing in this equipment, 

It was felt that in view of the time factor, the first alternative would not be 
possible. AVRO therefore recommended the second alternative and it was 
approved in principle by the RCAF. However, the Department of Defence 
Production did not agree with the r e commendation, and the units are to be 
procurred from a sub-contractor. 

A general AVROCAN specification has been prepared and submitted to equip­
ment vendors. 

Addendum 1 to Report No, 72/GEQ/l (ARROW 2 Design Study of Mobile 
Ground Power Units) was issued i n ApriL This addendum was prepared to 
meet the revised RCAF requirements, detailed in the previous Quarterly 
Technical Report. 

23. 4 INFRA-RED SYSTEM NITROGEN SUPPLY 

Preliminary inv estigations have been made to provide a pure nitrogen gas 
supply as a cooling medium for the IR seeker. It is proposed to store this 
gas in a bottle permanently installed in the aircraft. The method of cooling 
i s described i n para. 11. 2, 

23. 4. 1 GROUND SUPPORT PROBLEMS ASSOCIATED WITH THE NITROGEN 
SYSTEM 

Two problems are involved i n providing a n i trogen cooling supply: 

(a) Purification of nitrogen. 

(b) Replenishment of nitrogen storage bottle within the specified turnaround 
time . 

Pure nitrogen is required since contamination of the gas in excess of the 
following specified levels will block the nozzle and cause failure of the system. 
( Contamination by water vapor should not exceed -1 oo 0 c ( -148°F) when the 
dew point is 1,000 psig. Contamination by hydrocarbons, oxidation products 
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i ncluding Co2 , must not exceed 5 0 p aris p e!' m illion. ) The ARROW 1 mtro­
gen compressor ( ground equipment) is unsuitable for prov:..ding nitrogen of 
th e required pur ity and the additional equipment required ~o obtam this p ..irity 
would b e too bulky. In a ddition, t h e gas would be contam,.na+.ed by hydro­
carbons pr esent in the compressor lub- ricating oil. 

The replenishment of the aircraft. storage bottles n <;:;he al o~:ted +urnarour d 
time, using a c omp ressor, i s imp racticable s inc e an excessive number of 
compr e ssors would be required. In addition, an ex,..essive u.moun• of filtra­
tion equipment would be requ. red i n orde r to p urify the a1Tioun-'- of gas required 
i n the available time. 

P reliminary investigations have shown that the storage b ottles can be replen­
ished b y usmg a fixed facility contairnng a compressor des · gnE-d for use with 
fluorinated lubr icants non --hydrocarbons) and e quipped with f ltermg and 
drying equ·pment. The gas produc ed from this compressor would be fed mto 
mobile storage bottles which will be charged to 5, 000 psig. These bottles 
would then be used to charge the aircraft storage bottles to 3,000 ps·.g. 

A report will be prepa!'ed and is sued when the ir.veshgations have been com­
p leted. 

23 . 5 WEAPON PACK TEST CONSOLE 

A techn~cal p r oposal is being prepared for the RCAF which states AVRO 's 
r equiremen+s for t he des i gn of a weap on p ack te st console. In order to 
ensure that a weapon pack tesi console w:.11 be available for air-craft 25203, 
an inter im unit is bt:!ing designed. This console w1l1 also serve as a mock-up 
for d eterm .. n i ng firalized console requirements. 

2.3. 6 EVALUATION OF DAMPER TEST EQ UIP MENT 

F light tests on aircraft 2520 1 have pro ,ided the opportumty to evaluate the 
d amp er test equiprnent, and Honeywell s now p reparing a proposal on the 
finaliz;ed ver s • on of +he test equipmer.t. 
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24.0 AIR BASE FACILITIES 

24, 1 ENGINE RUN-UP FACILITY 

ln May , 1958, R eport No , 72/GEQ /8 (ARROW 2 Study of t he Basi c Run- Up 
Facility) was i ssued a t the RCAF ' s request. The report discusses the engine 
maintenance conc ept, and describes the proposed faci lity which will adequately 
achi eve the engine and a i rframe manufacturer ' s recommended maintenance 
procedur e s , 

24, 2 AIRCRAFT RUN - UP BASE 

A s t udy for an a ir craft run-up base is currently being prepar e d and will be 
i ssued i n August, The report will out line the r e quirements for tie down loads 
and points of applic a tions, sound lev els a t var i ous locati ons, p ersonnel require­
ment s, instrumentation and ground support equipment. 

24, 3 2ND LINE MAINTENANCE FAC ILITY 

A study of the Zrd line mai ntenanc e facil ity i s b emg p r epared, and it i s antic­
ipated t hat a preliminary i ssu e will be available i n August , 1958, T he proposal 
for a i r base workshops, cont ain e d i n the r eport, will b e finalized i n conj unction 
w ith t h e c onclusi on of t h e PRD (P e rsonnel Requirement s Data) study s cheduled 
for i ssue a t the end of 1958, 
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25 . 0 WEAPONS SYSTEMS TRAINER 

25. 1 AIRCRAFT SYSTEMS TRAINER 

A technical proposal for the ARROW 2 Aircraft Systems Trainer (AST) sub­
mitted to the RCAF in January 19 58, has not yet been approved. 

25. 2 GROUND EQUIPMENT TRAINER 

A t echnical proposal for the ARROW 2 Ground Equipment Traine r (GET) , 
described in the previous Quarterly Technical Report, was s ubmitted to 
the RCAF in June 1958 for approval. 
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26. 0 STRUCTURAL GROUND TEST PROGRAM 

26 . I STATIC TESTING OF THE COMPLETE AIRCRAFT 

Installation of the stati c test a i rcraft in the test r i g has been completed and 
all electr i cal wiring has been installed for the strain gauges and strain 
recorders. Erection of the defl e ction measur ement sy stem has b e en com­
plete d. The counter-balancing s ystem has been completed and te s t ed, and 
the automatic loading sy s tem has b een functioned and adJuste d . In itial 
tests, i nvolving the application of loads up to 25% of the limit loadings, 
showed that operation of t he strain recorders was unreliable. After c o rsul­
tation with the manfact u rer , the t y pewriters from the recorder were r e ­
turned for a djustme nt. In addition, the print command relays were changed, 
and arrangements w ere made t o elim inate dust from the room in which the 
recorder and associated equipment is installed. An increase in the load to 
be appli e d t o the main landing gear dur i ng the landing g e ar spring back tests 
has nec e ss i t a ted m inor chang e s to the fuselage down-loading whiffletree 
system . These changes were requi red in order to keep the bending moment 
in the fuselag e at Stn. 4 85 to an acceptable level. The changes are complete, 
and the formal t e st program for the landing gea r springback case is about to 
begin. 

Tests are being continued to i nvest i gate the effects o f time and environment 
on strain gau ges . The s e tests are of parti cular importance to the s t rain 
gauges d e signat ed for long t erm t e sting, and so far the results indi cate the 
time and e nv ironment do not mater i ally affect the gauges. 

26. 2 COMBINED LOADING AND TRANSIENT HEATING OF WING BOX 

The combi n e d l o ading and t r ansien t h eating t e sts on a w i ng box secti on ar e 
now in abeyance. 

26. 3 TEMPERATURE D ISTRIBUTION THROUGH TYPICAL STRUCTURAL 
SECTIONS 

Tests conducte d on a small box s p ec im en, repr e s entativ e o f th e forward 
fus e lag e s i d e ski n and duct , gav e satisfactory results. 

2 6 . 4 DEVELOPMENT OF HIGH TEMPERATURE STRUCTURAL 
TEST TECHNIQUES 

Tests have b een compl eted t o d ete rmine the suitabi lity of Monsanto " Aroclor" 
122, as a substi t ut e for Jp 4 fu e l during trans i ent heating t e sts. Results are 
now being compar e d w ith results from similar test s previ ously completed 
on Jp 4. Tests ar e continuing to assess the suitabi lity of Tatnall stabilized 
and t emperature-comp ensate d foil- t yp e strain gauges for use during high 
temp e ratur e t e sting . No conclusive r e sults are yet available. 
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26. 5 FATIGUE TESTS OF MODEL FUEL TANK NO. 4 

Fatigue tests were satisfactorily conducted on he model fuel tank and were 
discontinued when a total of 3 , 000 loading cycles had been ac cummulated. 

The steel doubler plates on the tank access door wer e replaced w ith aluminum 
doublers, in accordance with the latest desi gn, but subs equent test results 
were not entirely sati sfactory. Testi ng is now i n abeyance pendi ng furth e r 
instruction from the Techni cal Desi gn Depart ment. 

26. 6 PANEL RESPONSE TO SOUND PRESSURE AND FREQUENCY 

Tests are being conducted to determine the effect of adding damp ing mater i al 
to a fuselage s i de ski n panel subjected to acousti cal ex citati on. Diffi culti es 
have been experienced with the test panel strai n gauge installation due to 
fracturing of the gauge lead wir ing after short peri ods o f testi ng. Thi s 
problem is currently being investigated and t e sting continues. 

26. 7 BASIC INVESTI GATIONS INTO ACCOUSTICAL FATIGUE OF STRUCTURES 

Tests conducted to determine the effect of damping mate rials install ed on 
aluminum panels have been successful, but further testing has b een d e layed 
due to motor breakdown. Testing will resume when repai rs have been com­
pleted. 

A further siren test r i g , which will enable testing to be conducted on a variety 
of specimens s imultaneously, is currently being manufactured by AVRO . 

26. 8 BEARING RETENTION DEVELOPMENT 

Modi fications were completed to the roll swaging tool, and further tests have 
been conducted on bearings which had been roll swaged in the bearing hous i ng. 
Results show that this method of bearing retention compar e s well w i th the 
press-swaged sleeve retention method previ ously t e sted, No fu r th e r b ear ing 
retention tests are anticipated. 

26. 9 ENGINE LIFTING MECHANISM FATIGUE TEST 

Two more engine lifting mechani sm specimens completed fat i gue tests 
satisfactorily at Krouse Testing Machines Inc. Further tests w i ll be conducted 
on three additional specimens, under various loading conditions, when they 
become avai lable from the Manufactur ing Division. 
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26, 10 PRESSURE TEST ON RAM AND FAN EXHAUST DUCT 

Tests on the critical regions of the ram and fan exhaust duct were completed 
satisfactorily, No further tests are anticip ated. 

26. 11 AILERON JACK FATIGUE TEST 

The jack fork-end has been stra in-gauged to d i rectly indicate the applied load. 
Fati gue testing started, but the rig operati ng speed was cons i dered excessive. 
A new sprocket has been designed to reduce the cyclic testing speed and the 
associated rig modi fication is now i n progress. 

26. 12 ADDITIONAL TESTS ON INNER WING POSTED BOX 

Testing of the i nner w i ng posted box has been completed. Initial tests were 
conducted, combined with bending and torque loadings and internal fluid 
pressure. In the final test , bendi ng only was applied w ith internal pressure , 
and resulted in failure of the specimen a t 110% of ultimate load. This is 
considered sati sfactory, and no further tests are anticipated. 

26. 13 PRESSURE TESTS OF ARROW 2 ARTICULATED DUCT 

Des i gn of the pressure test rig for the ARROW 2 arti culated duct has been 
completed. Rig manufacturing drawings have been issued to the Experimental 
Department, and instrumentation equipment has been ordered. Delivery of 
the specimen is scheduled for the end of August and testing will commence 
shortly after that date. 

26. 14 TESTS ON SI MMONDS LATCH ASSEMBLIES 

Tests to establish the strength of Simmonds latch assemblies showed that 
the results are i nfluenced by the attitude in which the latches are mounted. 
Samples of other typ e s of latches are to be submi tted for test when 
available, and results will be assessed on a comparative basis. 
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27. 0 S YSTEMS GROUND TEST PROGRAM 

27. 1 FUEL SYSTEM 

The ARROW fuel system test program has undergone further revision to 
accelerate completion of testing on the ARROW 2 system. The program is 
now as follows: 

1. Balance of original test program conducted on the low pressure system. 

2. Test rig changeover to ARROW 2 fuel management system (sequence 
transfer control). 

3. ARROW 2 fuel management system tests (sequence transfer control). 

27 . 1. 1 TEST PROGRESS 

Main System - Tests on the fuel system test rig were delayed while the air 
pressu re regulators, damaged in previous tests, were being repaired. A 
commercial type air pressure regulator was used to conduct pre-installation 
tests on a quantity of fuel-no-air valves. However, repairs to the original 
regulator proved satisfactory, and they were re-installed i n the test rig. 
Tests have been conducted on the low pressure fuel system. Normal fuel 
transfer tests, simulated mission tests and tests involving dynamic pitch 
conditions have been completed satisfactorily, and the test rig is now being 
modified for the ARROW 2 fuel system test program. 

Back-up Tests - Further tests have been conducted to develop a suitable air 
ejector for the collector fuel tank, Redesigned mixing tubes showed improved 
results under testing with symmetrical inlet flows, but were unsatisfactory 
during a symetrical inlet flows. The specimen w i ll be redes i gned for 
further testing. 

The Purolator filter, which was damaged during testing, was repaired by 
the manufacturer and returned to Avro . Tests were conducted but excessive 
leakage occurred at the relief valve. This was overcome by installing a 
stronger relief valve spring. Subsequent tests indicated that the filter now 
meets specification requirements. 

Assessment tests have continued on fuel pipe flex ible couplings, using "On 
Mark" couplings provided by Aviation Electric Ltd. These couplings have 
proved very satisfactory and additional samples have been ordered for further 
testing . 

Tests have been conducted to develop an AVRO-designed fuel-no-air valve. 
Initial results have been encouraging , and the valve is being modified to 
improve performance prior to further tests. 
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27. 2 FLYING CONTROLS SYSTEM 

27. 2 . l COMPLETE MECHANICAL SYSTEM TEST 

Development testi ng , using the complete system test rig , has been in 
continuous progress . 

The results from the fl ight s imulation test program have now been analyzed 
and agree with the p ilots ' assessment that aircraft control could be safely 
maintained within the flight e nve lop e b eing used for the in itia l fl ight tests. 

Installation of the elevator and aileron controls in th e complete system test 
rig has enable d evaluation t ests to be conducted on the stick force mode in 
the pitch and roll axis. The Humphrey stick-grip proved superior to the Bell 
stick-grip which showed system mstability to b e incipient for both pitch and 
roll for a variety of gain s ettings . 

New feel unit spr ings were manufactured, and a pilot ' s assessment of the 
aileron and elevator feel units showed that spring rates of 75 lb. /in. for the 
aileron and l 05 lb. /in. for the elevator were acceptable. 

A 2-1/2% sensitivity linkage was installed on the aileron and elevator 
ac t uators , and t ests were conducte d. The tests showed that the system was 
unstable without damp e rs, but became stable when dampers were installed 
at the control valves. However, excessive motion of the input linkage 
occurred under the influ ence of differentia l servo operation. In addition, 
there was a consi derable lag b etween manual operation of the controls and 
the response at the c ontrol surface. The aileron controls damper was re­
located at the rear quadrant, but subsequent tests showe d that the system 
was unstable with the damper in this position. The damp ers were then 
r emoved from the aileron and elevator circuits, and accumulators were 
installed at th e control valve inlets. Tests showed that the systems were 
still unstable, 

Linkages of 5% s nsitivity were installed on the aileron and e levator jacks 
and frequency response tests conducted with the damp ers installed at various 
points in the jack follow-up linkages. 

Tests are now in progress to d evelop improved damp ers for the elevator and 
aileron systems and to determin e the most suitable damper fluid viscosity 
for each system. 

Tests wer e onducted to compare pressure surges in the flying control 
hydraulic systems when using a Vickers pump and a New York Air Brake 
Corporation pump, Results are currently bei ng analyzed . 
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Further tests conducted on cable tension regulator quadrants revealed that 
the producti on type quadrant and AVRO-desi gned q uadrant are both satisfactory. 
The choi ce of quadrant for future use is under consi d e rat ion. 

27. 2 . 2 AILERON CONTROL SYSTEM FUNCTIONAL TESTS 

A test rig aileron i s b eing split at approximately mid-span position in 
accordance with the late s t aileron d esign . When this is c ompleted, loaded 
surface functiona l tests will b e undertaken. 

27, 2, 3 RUDDER CONTROL SYSTEM FUNCTIONAL TESTS 

Repairs have not yet b een completed to the rudder damaged in previous 
stiffness testing . Preparations are i n progr e ss for a test program on a 
reduced chord length rudder , The t e st specimen i s to be split at approximately 
mid- span posi t ion , in accordance with latest rudder design. 

27 , 2, 4 ELEVATOR CONTROL SYSTEM FUNCTIONAL TESTS 

D esign work is in progress to split th e r e duced chord and full chord elevators 
to c onform w ith the latest split e l evator d e s ign , Further tests will be 
conducted when the modificati on has b een c ompleted. 

27 . 2 , 5 HYDRAULIC FITTINGS FOR 4,000 PSI PRESSURE 

The results of t ests conducted on t h e 4000 psi fitting s are b eing assessed. 
The nec es sity of furth e r te sting w i ll b e p redi cated upon this analysis. 

27 . 2. 6 WIG-O-FLEX COUPLINGS FOR LOW PRESSURE HYDRAULIC 
SYSTEM 

Tests have b een satisfactorily completed on a wi de range of samples and no 
further tests ar e anticipated, 

27 . 2 , 7 HYDRAULIC SYSTEM STEEL TUBING TESTS 

Pressure cycling tests have b een conducted on a var iety of b en t steel tubing 
specimens and are continuing. Thes e tests are b eing conducted at the 
W eatherhead Co. and t e s t r esults t o date are detailed i n the following table : 
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TABLE 4 HYDRAULIC SYSTEM STEEL TUBING TEST RESULTS 

NO . OF 
WALL TEST RESULT OF 

SPECIMENS O/D TillCKNESS PRESSURE 
MATERIAL 

TESTS 
TESTED 

13 1/4" . 02" 4700 psi MIL-T-6845 Specimens fail ed 
1/8 Hard betwe en 124, 000 and 

396, 000 cycles 

14 1/4" 0 02" 4 6 00 psi MIL-T- 6 845 Specimens failed 
1/8 Hard bet ween 149 , 000 and 

540, 5 00 c y cles 

6 3/8" 0 035" 6 800 psi MIL-T- 6 84 5 Spec imens failed 
1/8 Hard between 8 5, 000 and 

10 million cycl e s 

19 3/8" 0 035" 6 600 psi MIL-T- 6 845 Spec imens failed 
1/8 Hard between 207, 000 and 

805, 000 cycles 

20 3/8" 0 035" 6 600 psi Ml L-T-6845 Continue on t e st 
1/8 Hard 

9 1/2 11 . 042 " 6 800 psi MIL-T-6845 Specimens failed 
1/8 Hard betwe en 79 , 000 and 

272,000 c y cles 
-

12 1/2 11 . 042" 6 000 psi MIL-T-684 5 Specimens failed 
1/8 Hard bet ween 126, 000 and 

556 , 000 c y cles 

6 1/2" 0 042" 6 000 psi MIL-T-684 5 3 Specim ens fa il ed 
1/8 Hard betw een 2 7 0, 000 and 

385, 000 cycles. 
3 continue on t e st 

5 1/2 11 
0 042" 6 000 psi MIL-T-6845 Specimens failed 

1/ 8 Hard between 32 2 , 000 and 
61 0, 000 cycles 

11 1/2 II 0 042" 5 6 00 psi MIL-T-6845 Spec im ens failed 
1/8 Hard between 2 2 0 , 000 and 

10 m i lli on cycles 

Tests on 5/8" O/D and 3/4" O/D specimens ar e in preparation. 
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One specimen of rudder actuator p i p ing achieved 1 , 875, 000 cycles of testmg. 
This i s considered satisfactory, and fur t her fatigue te sts have been cancelled. 
Pressure lines i n var i ous c onfi gurations are now being subjected to bending 
tests in order to assess the influence of p ipe shape upon its strength. 

27 , 3 AIR CONDITI ONING SYSTEM 

Development testing of t h e temp erature c ontrol system has continued. All 
performanc e testing on t h e turbin e outlet temperatur e control system was 
complete d sa i sfactorily, using A i R esearch pneumatic equipm ent , and th e 
syst em has now b een approved for ins t allation i n t h e ARROW 1. 

Furt h e r tests conducted on AVRO-des i gned c ockp i t and radar temperature 
controllers were satisfactory and fl igh tworthy versions of t he controllers 
are being tested. 

Design of the ARROW 2 air-conditioning system test rig has been completed, 
and the rig i s bei ng manufactured, Completion is b eing delayed by the lack 
of bought-out equipment, Calibration of duct orifice s, venturis and static 
he a ds is in progress , 

27 , 3. 1 COCKPIT ENVIRONMENT TESTS 

As a result of tests to reduce the cockpit no i se level, ducting and outlet 
silencers hav e b een redesigned and have be en approved for use i n the 
a i rcraft. 

Temperature d i str ibution tests conducted in the front and rear cockpits of 
the metal moc k -up , resulted in smoke in the cockp it s . Samples of the 
insulating materials used i n the cockpit, and thtoir adhesives, ar e b eing 
investigated b y the M etallurgical L a boratory, The cockpits w ere thoroughly 
c leaned and all i nsulation removed, Tests are now i n progress to locate 
the source of the fumes. 

27 , 3. 3 LEAK DETECTION TEST 

Leak detection t ests , using Fenwall equipme nt, were satisfactory. The 
op erating temperature at the s ensing element proved to be 400°F ± 20°F 
and the syst em operated satisfactorily under condi tions simulating a 
broken sens ing element. 

27 , 4 ELECTRICAL S YSTEM 

27 , 4. 1 TEST PROGRESS 

Circuit faults revealed dur ing i n i tial testi ng of t h e armament e lect rical 
syste m br eadboa rd have now been rectified, and tests have been completed 
satisfactorily , 
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Circuit diagrams for in corporating the loadbanks into the complete ARROW ;~ 
electr ical breadboard have b een completed. The breadboard and loadbanks 
will be completed when e quipment now on order, has been delive red. 

T e sts have b een conducted on CS-R-12 2 relays, to ensure that they conform 
to specification. R e sults s how e d t hat the voltage drop of all loaded sets of 
conta cts exceed e d the specified maximum. In addition , the p ickup voltage 
of one relay was 30% above Slp ecification. Di e lectr i c br e a kdown occurred 
b etween on e p air of adjacent terminals of one relay after i nductive cycling 
tests, and the moving contacts were damaged due to h i gh temp eratures 
imp osed dur ing t e s ting. The relays are still b eing us e d in the aircraft, 
but will b e tested p eriodically. 

27. 5 LANDI NG GEAR SYSTEM 

The test program for the landing gear system tests has been changed, and 
is now as follows: 

( 1) R i ght-hand mai n landing g ear t e s t s (with door). 

(2) Tests of the full landing g ear system with various fl i ght case loadings. 

( 3) Full system tests at low and h i gh temperatures. 

27. 5. 1 TEST PROGRESS 

27. 5. L 1 Nos e L a ndi ng G ear System T est s 

The redesigned nose wheel steering s y stem has been installed in the r i g. 
Thi s s y stem utilizes a Moog hydraulic valve which i s contr olled from a 
potentiometer on the rudder crossbar. 

Frequency resp onse tests were conducted over a range of gai n s ettings and 
w ith variou s sensitivity characteristics. C entring tests wer e conducted and 
a p ilot's assessment was completed. No instab ility was evid ent and the 
s y stem has be e n approved b y the pilots. Further test s will be c onducted to 
m easure nosewhe e l steer ing breakout forces when an a i rcraft equipped w ith 
the n ew installation i s available. 

27. 5. 2 MAIN LANDI NG GEAR 

The assembly of the main landing gear test rig has b een c omplete d , w ith the 
excepti on of the door jacks. These jacks were returned to Dowty for 
modi ficat i ons but have not yet b een received by AVRO. Landi ng gear door 
system tests will commen ce when the doo r jacks are install e d. 
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27. 5 . 3 MISCELLANEOUS SYSTEM TESTS 

27. 5. 3. I Tests on Automatic Quick-Disconnect Couplings for Ground 

Energizers 

Initial functional tests on the ground energizer automatic quick-disconnect 
couplings showed that the angle of the intercommunication coupling should 
be improved to avoid damage during disconnection, and that greater 
clearances i n the coupling housing were necessary. In addition, the air 
conditioning coupling proved unreliable. Modifications were completed 
on the couplings and further tests have been succes s ful for all couplings 
ex cept the a i r conditi oning disconnect, which is now being redesigned. 

27 . 5 . 4 ASSESSMENT OF HYDRAULIC SNUBBER 

A snubber will be installed i n the flying controls hydraulic system, in order 
to protect the hydraulic pressure gauge from damage due to pressure surges 
in the system. Tests to provide a comparative assessment of two samples 
of snubber have been completed, and the results are being analyzed. 

27 , 6 CANOPY AND ESCAPE SYSTEM 

Arrang ements are being made to sub-contract the escape system tests. 
Specifications are be "ng prepared by AVRO for a suitable tower test-rig and 
a cockpit assembly for the rocket sled tests. Tests on canopy actuators 
showed that the light-alloy shear pins failed at 800 lb . , and the actuator 
failed to operate at loads in excess of 830 lbs, Tests will b e conducted on 
the a i rcraft (25201) to det e rmine the canopy opening and closing loads, so 
that the suitabi lity of the light-alloy shear pin and actuator can be established. 

27, 7 SPARROW MISSILE PACKAGE 

27. 7 . l TEST PROGRESS 

The launcher development tests and single missile mechanism tests are 
currently being conducted. 

27. 7. 2 MISSILE PACKAGE DOOR TESTS 

Initial tests on the m i ssile body seals revealed that the seal installation was 
distorting the weapon pack door structure , The door structure was reinforced 
locally, and 200 door operation cycles were completed at room and elevated 
temperatures. A simplified seal, of softer rubber , has been sati sfactorily 
tested. The operating speed of the door actuating mechanism was increased. 
Subsequent tests of normal operation were satisfactory, but the mechanism 
jammed when it operated in a dust-laden environment. The standard door 
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rollers were replac e d with undersized r ollers and furthe r dust envi ronmental 
test s w e re satisfact o ry. The amount of free movement introduced into the 
door mechani s1n us ing undersized rollers has been assessed, and i s c onsidered 
to b e a ccep table. 

27 . 7. 3 MISSILE EXTENSION MECHANISM T EST 

A br eadboard of the hydrauli c system for the m i ssile extension mechani sm has 
been ass embled and te ste d. M inor c omponent and electrical faults have been 
rectified, and t he s y s tem i s now op e rating sati sfact orily. 

A ssembly o f t h e main te s t r i g has b e en d e layed b y a shorta ge o f lower drag 
link c astings . D elivery of these i s b eing expedited and formal testing i s 
expected to begin early in J uly. 

27. 7. 4 MISSILE I NSTALLATI ON ON ARROW 2 

Manufacture of a te st rig for fun ctional and fi r i ng t e sts on the ARROW 2 
m issile installation is approximately 5 0% complete. The installation of strain 
gauges and associated wiring i s c omplete i n areas which will be inaccessible 
after the m i ssile p ack has been as s embl ed. Additional i nst rument ation i s 
also being installed i n t he pack. 

27. 7. 5 DEVELOPMENT OF MISSI LE LAUNCHER 

The assembly o f the durnmy m i ssile umb ilical conn ector ha s been completed. 
A total of 46 test firings , using the c onnector , has been conducted sati sfactorily , 
and has re sulted in minor improve1nents bei ng mad e to the p lug sealing des i gn. 
Damage caused to the anodized surface of the launcher rail, during p revious 
firings, di d not adver s e ly affect the te sts , and methods of improving the 
protective coating o f the rail ar e under consi deration. Tests on the l a unc h e r 
rail wer e cons i d ered sati s facto r y after 26 firings . 

P rep arations are in progr e s s for a te st prog ram on a p roduction typ e launchero 
On the i nitia l assembly the la,mcher rail wa s found to b e twi sted . This was 
partially c orr ected dur i ng the final assembly and the rail i s c onsider e d 
s ati s fac tor y for the forthcoming tests. 

Develop ment tests have continu ed on the m i s sile r etain i ng shear p ins and they 
are now satisfactory. No further te s ts are anticip a ted. 

27. 7. 6 QUALIFICATION OF DOUGLAS-MADE DETONATOR ASSEMBLIES 

Tests have be e n c onducte d on the detonator assemblies which ar e i n c orporated 
i n the launchers t o jettison the m i ssiles. R esults showe d that a ft er p rolonged 
exposure to high t emperatur es and humi d ity, the d etonator samples failed t o 
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shatter the bolt assembly in which they were housed. Further information 
has been requested from the manufacturers on the deterioration rate of the 
detonators, so that their usable life can be established. Modifications to 
the bolts are under consideration, and a further test program is planned. 

l 
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28. 0 FLIGHT TESTING 

28, l AIRCRAFT 25201 

Air craft 25201 was grounded, after completing nine flig hts , to undergo a 
major insp ection. The first two flights were des crib e d in t he previous 
Quarterly Technical R eport. Of the seven remaining flights prior to the 
grounding period, five flights were made to assess the aircraft handling 
qualities at p rogressively increasing speeds and altitudes. Two flights 
were familiarizat10n flights, one for an RCAF pilot and the second for an 
A VRO test pilot. 

A total of 8 hr 10 min. flight time was ac cumulated during the n in e flights, 
of which 6 hr 45 min. was withi n the period covered by this report, The 
maximum speed attained during this flight test program was Mach 1. 52 at 
49. 000 ft. The maximum altitude so far achieved was 50,000 ft, Both 
figures were obtained during the seventh flight. 

Flight test results confirmed that d i rectional control in flight was improved 
by ~ se of the vaw damper i n both normal and emergency mode. Oscillati ons 
in pitch became evident m flight, These could be elimi n ate d by the p ilot at 
low speeds {approximately 250 kts,) by releasing hold o f the stic k gr ip, and 
at higher speeds (400 Ids, and above) by holding the stick grip firmly. 
Efforts to excite aileron flutter under various conditions were unsccessful. 
As altitude i ncreased, maximum engine speed showed a tendency to decrease. 
At 32,000 ft, it was no ed that the maximum engine speed attainable was 93% 
of maximum RPM with je+ temperatures of 5 10°C to 520°C, This problem 
is being investigated, The accuracy of the test fuel gauges installed in the 
aircraft became doubtful and the system was recalibrated i n an effort to 
establish accuracy, Struct ural temperatures in critical areas have not b een 
excessive dur i ng flig ht , Some flight records have not been complete, due to 
poor reception o f telemetered signals, This h as been overcome b y switching 
from the ventral antenna to the fin antenna for telemetry transmissi on, when 
fading became evident. D uring the later flights, i ntake duct vibration became 
noticeable at approximately 300 kt. EAS. This is currently being investigated . 

During the fifth flight, following a 2, 5 g left turn, the landing g ear indicat or 
showed the left-hand gear to be unlocked, The landing gear was lower ed, and 
subsequent attempts to re ract the gear were unsuccessful. The remainder 
o f the flight was therefore limited t o measuring the angle of attack at various 
speeds and altitudes within the limitation imposed by the extended landing gear. 
The landing gear malfunction was found t o be due to maladjustment of t h e 
micro-switches and actuating links associated with the landing gear position 
i ndic ating system. 

On landing , at the termination of the eighth flight, the right-hand forward 
main wheel seized, causing damage to t h e brake pads, disc s and rims etc. 
Investi gation revealed that this was due to a faulty brake assembly. 
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·During the ninth flight, the left-hand constan~speed alternator drive unit 
failed, and has since been replaced, 

28. 2 GROUNDING PERIOD FOLLOWING THE FIRST NINE FLIGHTS 
OF AIRCRAFT 25201 

On April 24 1958, aircraft 25201 was grounded m order to complete a major 
inspection, replace equipment unqualified for further flights, and to install 
additional instrumentation required in later flight tests. 

A 25-hour; inspection was completed on both engines and an improved roller 
track and attachment brackets for the air-conditioning system bleed duct were 
installed in the left-hand engine bay. Bevel gears and shaft in the main 
auxiliary gear boxes were replaced, in accordance with the manufacturer ' s 
modification. New constant-speed drive shafts were installed, and the 
J75-P3 type fuel control units were replaced by J75-P5 type control units 
in an effort to improve engine RPM at altitude. 

Due to difficulty in maintaining correct cockpit air temperatures,an AVRO­
designed cockpit temperature control system was installed (less the 
temperature controller) in addition to the existing Hamilton-Standard system. 
The AVRO temperature controller will be installed when available. 

The fuel pumps in #5 fuel tank were replaced with improved pumps, and the 
fuel transfer pump repriming solenoids were modified to prevent false 
indication of loss of prime, Standard aircraft fuel contents gauges were 
installed to replace the test gauges, which had proved unreliable. Where 
necessary, equipment from the fuel system was removed for inspection, 
and retested before re-installation. 

An improved t ype of hydraulic charging gauge was installed and improved 
fluid level indicators were installed on the hydraulic compensators. Time­
expired pressure warning switches in the flying cont rol and utility hydraulics 
systems were replaced. 

Improved disc brakes were installed on the landing gear in an effort to 
improve the aircraft braking performance. The left-hand main landing gear 
door jack had developed excessive backlash and was replaced. In order to 
reduce the possibility of damaged brake lines in the event of excessive tire 
deflation, the brake hydraulic lines were altered to increase clearances 
between the pipes and tires. The electrical anti- spin installation for the 
main wheels was replaced by an hydraulic installation. The door sequence 
valve was re-adjusted to allow proper lowering and retraction of the landing 
gear. 

An elapsed time indicator was installed for the Honeywell damper rate gyro, 
and adjustments were made to eliminate backlash from the elevator feel and 
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trim unit quadrant. Cable tens i ons w ere adjusted, where necessary, in all 
flying control systemso Parallel servos were installed in the fly ing control 
systems in preparation fo r operation of the sti ck force steering modeo 

The engine starter circuit was modi fied to permit engine starting from one 
starting vehicle. S e v e ral electrical connectors in the engine bays were relocat ed 
because of thei r high temp erature environment, or to improve accessibility, the 
fire ex tmguisher inertia switch was r e plac ed by a pilot-operated switch. 

28. 3 FLIGHT #10 - AIRCRAFT 25201 
- ----------- ----

Flight #10 was made on 6 June 1958. The purpose of the flight was to check 
the aircraft afte r the grounding period and to assess its handling character i s t ics 
at subsonic sp eeds o 

During this fl ight, the yaw damper malfunctioned in both normal and emergency 
modes , and the landi ng was made w ith the damper disengaged. Post-flight 
inspection revealed t hat the late ral accelerometer associated with the system 
was install e d 180° out o f positi on and was t hus generating incorrect signals to 
the flying control damper system. The nosewheel door would not lock in the 
retracted position dur i ng fl i ght, du e to a faulty circuit breake r and malfunction 
of the uplock m i croswit ch actuating a rmo Consequently the a i r conditioning 
system failed to func t ion c orrec tly s i nce the cockpit shut off valve is opened 
by the acti on o f the door upiock sw1tcho 

Loss of e ng i n e p ower wa s a gain exp er ~en ce d a t 30, 000 fto T h e l e ft-hand eng i ne 
op era te d a t 9 80 5% o i maxim um RPM wh ile t he r i ght -hand e ng in e operated a t 
9 5. 5% of m axim um r pmo The d rag chute op e rated sati sfacto r ily when s t r e a me d 
at 1 70 kts, h o u gh rn i n o r damag e wa s ea s e d to the suspens ion line s and d e p l o y ­
ment bag. l ns trumentari on indica+:ed t ha t the drag chute had not bee n subjec t ed 
to temp era tures a b ove 2 00°F, which wa s cons i d e red satisfacto ryo Wh e el and 
brake t emp e r atur es during land ing and t axiing w ere c onsi d ered s atisfactor y . 

Operation of t h e speed brake s in flig ht r e sulted i:n a notic e a ble " kic k" in t h e 
brake p e dals. Ground te sts c onfirmed tri s, a nd the ki c k i s c ons i der e d to be 
caus e d by t h e s y s tem hydra u lic p re ssure d e cre as ing when t he ,sp ee d brakes 
a re appli e d o 

28. 4 FLIGHT #11 - AIRCRAFT #2 5201 

Flight #11 t oo k plac e on 11 Jun e 19 58. T he p urpos e of thi s fl i ght was to furthe r 
check the a i rcraft a fte r its g r oundi ng p e r iod and t o ass e ss the handling qualitie s 
at subsonic sp eeds. Duri:::ig f light i t was aga in noted t hat engine power d e creas e s 
w ith increasi ng altitudeo 

Instrume n t ation for t h ' s fli ght included m ea sur ements of str uctural temper a­
t u r es o Tests were c onduct e d dur i ng fl i gr t to excite v ibra i on i n the vari ous 
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control surfac e s, and results recorded indicated good dampi ng qualities in 

both wing and fin. 

At the completion of the flight, the landing gear c o llapsed causi ng damag e to 
the a irc raft. The accident i s d i scussed in d etail in Report No . 7 1/ENG PUB/9 
Report on Ac cident to AVRO ARROW 1 Aircraft 2 52 01 at Malto n - 11 Jun e 
19 5 8 . 

28. 5 AIRCRAFT 2 5 202 

On completion o f a low sp eed taxi test, the a ircraft was grounded to i n cor­
p orate curr ent modifications. Instrumentation i s being inst alled in pr epar -
ation for forth coming fli ght tests. The obJect of the low spee d taxi test was 
t o ass ss the d a mpi ng system, brakes and d r ag chute dur i ng taxiing. At 
the same time no i se level measurements were m a de while t he r i ghtchand 
engine was r un a t m ilitary power. 

B rake temp e ratur e s were sat i s factory during the tests. Op eration of the yaw 
damp er system was sat i sfactory, t hough twice during the tests, when the 
a i rcraft was s tationary, the damper swi tched fr om normal to emergency 
mode . Thi s was con s i d ered to be caused by low hydraulic p ressure, result­
i ng i n p remature op en ing of the p re ssure s w itc.h. The nose wheel was lifted 
while taxiing at 110 kts , and the drag chu1 e was streamed at 100 kt s. 

28 . 6 FLIGHT TEST I NSTRUMENTATION 

28. 6. 1 TELECOMMUNICATION AND NAVIGATI ON SYSTEM 

Tests have been conducted to e stablish a techn ique for evaluating the ARROW 
antenna , and the antenna fi e ld pattern. F light tests were condu cted, using a 
CF-100 a i rcraft e quipp ed witl:i a n AN/ ARC- 34 UHF radi o transceiver, a 
m i c r o-match r . L p ower output monitor and a UHF fin cap a ntenna. The a i r­
craft was flown over a grou:id stati on i n c lover - leaf patterns at constant alti ­
tude and spee d . T h ,c; ground s t ation a n ten r..a h e i ght which had be en d etermined 
during p revious testing, was 3 ':> ft. Si gnals were t ransmitted from the a ir­
craft at a pr e determ ined p o s ition , and t h e s i gnal s trength at t h e ground 
station was m e asur e d during runs a t vari ou s headi n gs. The antenna pattern 
plotted from test results compared favourably w ith model te s ts results at the 
Si nclair Radi o L aboratori es, and on this bas i s , the test technique is con­
s i d e red to b e satisfactory for subsequent tests of the ARROW antennas. 

28. 6. 2 AIRCRAFT INSTRUMENT A TION 

The installation of instr um entati o n has continued in all aircraft. Installation 
in a i rcraft 25201 i s now 8 6 % complete, in a i rcraft 2 5202, 8 0% c omplete - in 
a i rcraft 25203, 72% complete - i n aircraft 252 04, 34% comp lete and in a i rcraft 
25205, i nstallation i s 16% complete. 
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Where test requirements a re known, the work of p r ovi ding instrumentation and 
calibrating equipment continue s on a three work shift per day basis. The 
instrumentation patch panel for aircraft 25201 has b e en complete d and i s now 
b eing installed. The patch panel for aircraft 25202 has been installe d and 
chec ked . 

28. 7 DATA HANDLING SYSTEMS 

R esults from the ARROW datatape deve lopme nt test program have shown that 
low -leve l c ommutated s i gnals using an ASCOP commutator are unsatisfact ory. 
Improvem ents to the existing system are being developed by the laboratory 
until an alternative system has b een devised. Bench tes t s are i n progress to 
e s tablish the interference l evel s that can be tol e rated by system components. 

In view o f t he problems i nvolve d i n handling a larg e number of parameters, 
bot h from t h e equipment s ervicing and data handling aspects, AVRO has 
de cid e d to limit the number of param ters to be measured at any one time, to 
a maxim um of one hundred. 

On the first flights of a i rcraft 25 201 , provisions were made for telemetering 
data on twe l ve channels, recording twenty par am eters on a continuous trace 
oscillograph, and recording pilot' s comments on a tape recorder. Telemetered 
data was recorded at the ground station us i ng Sanborn recorders. Additional 
instrumentation is now b eing activated on airc raft 25201 and 25202, and will 
provi d e record i n g facilities as follows : 

, 

Twelve c ontinuous transmission t e l em etry channels. 
T wenty-five c hannels on a continuous trace oscillograph. 
T w o magnetic tap e recorders r ec ordi n g for ty - five c ompound modulated 

(CM) parameters in addition to p i lot ' s comments. 

When a satisfactory system has been d evelop e d for te l em ete ring and recording 
c ommutate d-Puls e Duration Modulated signals, data handling provisions for 
these a ircraft will b i n creased to the following : 

Elevl!on continuous transmission telemetry c hanne ls . 
Forty c ommutate d PDM t e l emetry channels. 
Twenty channels on a continuous trace oscillograph. 
Two magnetic tape r e corders recording p i lot' s comm ents, forty-five 

CM and 80 PDM p a rameters. 

An IRIG analogue tap e system and one oscillograph will b e installed fo r data 
handling for the armament t e s t program on a i rcraft 25203 . Information is 
pr e sently b eing sought on equipme n t characteristics so t hat structural pro­
vi sions may b e made in t h e aircraft for installation of t he IRIG equipment. It 
i s planne d to us e an IRIG analogue tap e system for aircraft 25204 , 25205 and 
25209, as the number of p arameters requested by RCA, are in excess of the 
one hundr e d sp ecified by Flight Test d epartme nt for recording at any one t im e. 
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An IRIG analogue tape system has also been requested by the RCAF for insta l­
lation i n aircraft 25210, 25211, 25212, 25213 a nd 25214, so that the aircraft 
system will be compatible with ground facilities at RCAF Station Cold Lake. 

A d i gital tap e system i s p roposed for aircraft 25216, as this i s considered 
most suitable for the te st program for which t his a i rcraft has been allocated. 

28, 8 GROUND STATION 

The telemetry ground station has operated satisfactorily during th e flight test 
programs so far comp l eted , The FM/ FM continuous transmiss ' on data fade d 
at times dur ing fl i ght tests, In an attempt to overcome this fault, an antenna 
lo c ated on t h e fin, was used, Howev er, thi s p roved unsuccessful, and the 
problem is being inv estigated, 

The n ew des ign of Mi lli sadi c intervalometer has been completed and is now 
installed, 

A C . E . C. tap e reader has b een rec eiv ed and is now be ing checked prior to 
installation, This unit feeds t h e Milli sadi c digi tising equipme nt output 
d i rectly in to the IBM 704 computer and allows fa ster processing of t he data. 





AVRO AIRCRAFT l/ M ITED 

~ ------------------------ AVHO 

29.0 SPECIFICATIONS !SSUED 

29 . 1 MODEL SPECIFICAT IONS 

Report No . 

72/ M . S/1 

Descript ion 

Model Specificatio n For ARROW 2 
A irframe and Government Supplied 
Mate r ial Installation . 

29 . 2 AVROCAN SPECIFICATIONS 

Issu ed 

J ne 195 8 
(Draft Issue) 

T o date , a pproximately 439 AVROCAN eq ipment specifications (series " E ") 
h ave bee n pre par d for t he ARROW . An index of t hese specifications (AVRO 
ref. E . I. Gen . 489 / 197 dated 30 June 195 8) has be n issued to the RCAF . 

29. 3 DESIGN CERTIFICATES 

Report No . 

71 / PROJ 7 / 1 - 2 

7 1/ PROJ 7/7 

Description 

Design Cert ificate for Flight Tr ials of 
ARROW 1 A ircra ft Serial #25201 

Amendment # 1 

Des ign Certifi cate for Flight Tr ial s 
of ARROW 1 A i rcraft Se rial #2 5202 -
25205 I nclus ive . 

Amendment # 1 

Amendment # 2 

Is s ued 

May 19 8 

J u ne 19 58 

May 19 58 

J n e 19 58 

June 19 58 



SEqE'k 0,C t'~ ~~ 
-~, ~ 'i'i <" AVRO AIRCRAFT LIMITED 

118 

~AV RO ARRO W -------------------------~-

30.0 REPORTS ISSUED 

30 . 1 PRELIMINARY DESIGN PROPOSALS 

Report N o. 

72/PROJ 7 / 11 

Des cription 

ARROW 2 - Propo sal for Ext ended 
Combat R a d ius 

30 . 2 WEIGHTS AND BALANCE 

Issued 

J u ne 19 5 8 

S ince w eight and ba la nce reports are issued monthly, a s requi red by CAP 479 , 
a n index of t he s e reports w ill not be included in t he Qua rterly Technical 
Repo rt. 

30 . 3 WIND TUNNEL DATA 

Report No. 

71/W . T UNN/l'l 

Description 

N . A. E. Wind T u nn el Ic ing Tests of 
P ~t ot Static Prob e - Se ries 1. 

30. 4 PERFORMANCE REPORTS 

Report No. 

72 / PERF/15 

72/PERF/17 

72 / PERF/1 8 

Des cription 

ARROW 2 Performance w i.th 32. 8 
Cylindrical Eje ctor, w ith P articular 
Refer e n ce t o Ove rload M ission 

D esign S rndy of a n Ejector Plug Nozzle 
to In e r ase t he A i r c r a f t R a nge in Sub­
sonic Flight Ca s e. 

ARROW 2 Zoom Performa n c e 

30. :, STR U CTU RAL STRENGTH TEST 

Issue d 

Apr il 1958 

Is s ued 

Ma y 19 5 8 

April 195 8 

Apr il 195 8 

No formal structural te st repo rts wer e is s t<ed dur ing t he reporting pe riod . 

30 . 6 AIRCRAFT GROUND AND FLIGHT TESTS 

No Grou nd Test r eports are availabl e. 

Report No . 

71/FAR / ll ls s. Z 

De s er iption 

ARROW l Tnstr.1mentation - Arma ment 
Development A ircraft 2 5203 . 

I s sued 

Ap ril 1958 
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Report No . 

71/FAR/22 

71/FAR/23 

71/FAR/24 

71/FAR/2 5 

71/FAR/26 

71 - 2/FAR/27 

71/FAR/29 

72/FAR/14 

Description 

Analysis of Take - Off and Landing 

Stab ility and Control, Damper Opti ­
m ization and Handling Flight Test 
Requirements - ARROW 1 

Summary of Preliminary Analysis of 
Flights 1 to 9 

Prelim inary Analysis of ARROW 1 
Flight Test Times 

Prelim inary Analys i s of Flights 
No. 1s 1 to 9 

Objectives, Requirements and the 
Program for ARROW Stability and 
Control. Also Stru ctural Integrity 
Fl ight Testing 

Phase 2 lnstrumentation 

ARROW 2 - A i rcraft 25209 and 25210 
Instrumentation 

30. 7 FUNCTION TYPE TESTS 

Issued 

May 195 8 

Apr i l 1958 

May 19 58 

May 19 58 

May 1958 

June 1958 

June 19 58 

June 1958 

E a c h item of equipment t o a n A VROCAN specification w ill undergo qualifi ­
cat ion t esting. All fu n c t ional t ype test data and qu alificati on test report s , for 
bought - o t equ ipme nt , are being indexed under AVRO drawing n umbers and 
re tained at AVRO . 

3 0 . 8 VENDOR ' S REPORTS 

Vendor 's report s on equipment supplied to AVRO, for use on ARROW a ir -
craft , w ill be retained on file at AVRO . The i r use i s requ ired in the prepar ­
a ti on of the equipme nt approval s t atement i ssued for each item of equipment 
procured t o an AVROCAN specification . 

30 . 9 ASTRA I SYSTEM 

AVRO has not comp ile d any formal reports relat ive to the ASTRA 1 System 
during the per iod covered by this report . 
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30 . 10 STRESS ANALYSIS REPORTS 

R e po rt No . 

7/ 0 500/32 

7/0 00/41 

7 / 0 50 )/4 6 

7 / 05:> 2/ 6 Is s. 3 

7 / 0 552/ 20 

7/ 0 55 8/ 2 2 

7 / 0 5~ / 6 6 Iss . 2 

Descr iption 

Therm a l D i s t r ibu t ion s in g I. B. M . 704 

Therm a l Buc kl in g of Plates 

Dorsal St r u ct ure F in / Win g F i lle t 
F a 1r m g 

Obs/AI Seat Bu lkhe ad 

Rada r No se St r Lire 

L oadin g a nd D etai l e d St r es s Analys is 
of He avy F ram e St a ti on 663 . 7 5 

S id e Skin - Stati on 485 - 742 

30 . 11 SYSTEMS REPORTS 

Repo r t No . Description , ____ _ 
7 0/ SYSTEM 13/ 142 T e st s P erf~rmed on Hu mphr e y St i c k 

F orce T ran s ducer No . 6 

70 / SYSTEM 13 / 147 R e port on F u n c t io n s of t he G r o d 
T est Unit As . m b l y for Te s tin g 
ARROW We ap on Pack a nd Cont ent s 

70 / SYSTEM 13/ 1 89 L ead Coll i s ion F i r e Contro l Mode as 
M echanize d in ASTRA I (R evi sed 
P / SYSTEM/54) 

7 0/ SYSTEM 13 / 2 04 El e ctron ic B reak - Ou t Sy ste m for 
Sti ck Force T r ans ducer . 

70 / SYSTEM 1 6/ 2 13 Fla m e P ro fi n g of F u 1 Ve n ts 

70 / SYSTEM 19/ 2 0 8 The o retical Inve st i gat ion in t o Le g 
Walki ng Problem 

70 / SYSTEM 19/ 21 4 Sp in U p T ime - ARROW Ma in Whe e ls 

7 0 / SYSTEM 19/ 21 5 T im e H is t ory of Brake Applicati on 

Is sued 

Jun e 19 5 8 

J u n e 1958 

J u n e 195 8 

J u n e 19 5 8 

J u ne 19 5 8 

Jun e 1958 

June 1958 

Is s u ed 

Ap ril 1958 

Apr il 1958 

Ma y 19 5 

J u ne 19 5 

J u n e 1958 

J un 19 58 

J u ne 19~ 

J u ne 19 5 8 



AVl/0 A I RCRAFf 1/M/TEO 

Report No . 

70 / SYSTEM 24/132 

71 /SYSTEM 15/80 

Descript ion 

AVRO Comments on Crewman's Leg 
Clearance EJection Tests 

Slamming of Pilot ' s Canopy During 
Emergency Operation 

71 - 2/SYSTEM 15/207 Modtfi ations to the qc Actuator 
System to meet the Hinge Moment 
Lim iter Requirements 

71 / SYSTEM 16/ 143 

71 / SYSTEM 16 / 177 

Boo ster Pump Adeq· acy m 19 psia 
System (proportional) 

Investigatton of a Temperature 
Controlled Fuel Warning Switch 

71 - 2 / SYSTEM 16 / 183 Fuel Transfer Schematics 

71 - 2 / SYSTEM 16 / 184 Pre Jr i zation System Schematics 

71 / SYSTEM 19 / 148 Deletion of Nose Whe 1 Steer ing 
Sele ctor Valve 

71 / SYSTEM 19 / 149 S hemat i c Drawmg - A . C . Powe r 
Pack 

71 / SYSTEM 19/ 1 50 Schematic D rawing - Whe l Brake 
System 

71 / SYSTEM 19 / 152 Schematic Drawmg - Nose Whe el 
Ste rin 

71 / SYSTEM 19 / 1 >:>3 

71/SYSTEM 19 / 154 

71 / SYSTEM 19 / 155 

71/SYSTEM 19 / 1?6 

71 / SYSTEM 19 / 163 

Schemat i c Draw ings - Speed Brake 
Sub - Sy ~ em 

Schematic D rawing - Landing Gear , 
Sub - As .,;embly 

S hematic Drawing - U t ili y P · mp 
C ircui t and l :iOO psi C i rcu it 

Schemat · c Drawing - A C Power Pack 

Schema i Draw ing - A ir raft 25201 
Landing Gear 

Iss ed 

April 19 58 

May 19 5 

J ne 1958 

April 1958 

J u ne 19 5 

May 19 5 1:1 

May 1958 

April 19 58 

April 19 56 

April 19 58 

April 19 

April 19 5 Es 

Apr "l 19 :36 

Ap rii l 958 

April 19 5 8 

April 19 8 
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Report No . 

71 / SYSTEM 19/ 16 8 

Desc ription 

E ffect s Due to the Lack of Temperature 
Compensation on the Ma in Landing Gear 

L lqui d Sprin g 

71 - 2/SYSTEM 19/ 1 78 M o d ificat on of Wheel B akes Hydrau lic 
Supply 

71 / SYSTEM 19/ 196 L andin g Gear C i r c i Schemati c 

71 / SYSTEM 19/ 197 Schemat i c - Adapt or Block 

71 / SYSTEM 19 / 198 Sch em a ti c of Hydr aulics 

71 / SYSTEM 19 / 199 Mag. Amp . and Mo "> g Valve Connect ions 

71 / SYSTEM 19/ 200 C irc a D iagram of Steer ing System 

71 / SYSTEM 19/ 20 1 T ransm: t t er Pote ntiometer Tapp ing 
Details 

71 / SYSTEM 21 / 17 5 Schematic - Oxygen System 

71 -2 / SYSTEM 22 / 140 ASTRA Co,-, l ing Ai r S pply ARROW 
tA i r c raft 2 5204 and 5, an d ARROW 2) 

71 / SYSTEM 22/1 4 A Co ckpit T e mperature Contr ol!er 
for the ARROW 1 A i r C ond it "oning 
Syst em 

71 / SYSTEM 23 / 174 Schem atic F ire Extinguisher Sy s te m 

71 / SYSTEM 24/ 187 Schema t i c - E m rgency EJ e ct ion and 
Canopy Operation 

71 - 2 / SYSTEM 24/ 203 Producti on Tes t - Escape System 

71 / SYSTEM 32 / 158 Schemat ic Dra wm g - Flyin g Control 
Hydraulics - A / C 1, 2 and 3 

71 / SYSTEM 32/159 S chem at i c D raw ing - Fly ing Control 
Hy draulics - A /C 4 and 5 

71/SYSTEM 32/160 Schem at i c Draw ing - Hy drauli cs 

71 / SYSTEM 32 / 191 F lying Control C l rcu it - Heat Generated 

I s sue d 

May 1958 

May 19 58 

Ma y 19 5 8 

May 19 5 8 

May 19 5 8 

Ma y 19 58 

May 1958 

May 19 5 8 

May 19 58 

Apr il 19 58 

April 19 58 

April 19 58 

Ma y 1958 

J une 19 5 8 

April 1958 

Apr il 1958 

Ap ril 19 5 8 

May 19 58 
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Report No . Description 

71/SYSTEM 32 / 212 Static Pres sure in the Flying Control 
System 

72/SYSTEM 11 / 167 Transparent Material for Windscreen 
and Canopy 

72/SYSTEM 12/166 Control Surpass Pos ition Indicator 
Des i gn 

72/SYSTEM 13/139 A Proposal for an Antenna Range 
System 

72 / SYSTEM 13/179 Report on nterim ASTRA 

72/SYSTEM 13/192 Post Inst a llation Check of the APX-25A 

72/SYSTEM 13/193 Post In s tallation Check of the ARC - 52 

72/SYSTEM 13 / 194 Post Inst allation Check of the Radio 
Compas s System 

72 / SYSTEM 13/19 5 Post Installation Check of the AIC - l0A 

72/SYSTEM 15/ lbl qc Actuator Syst em - Inves t igati on for 
ARROW 2 

72 / SYSTEM 15/172 Schemat i c - Fly ing Controls 

72 / SYSTEM 15/190 Evalu ation o f Control Valves and 
Elevator , Aileron and R u dde r 
Control Systems 

72 / SYSTEM 17 /141 

72/SYSTEM 18/1 71 

72/SYSTEM 18/ 185 

Long Range Fuel Capaci t ies -
ARROW 2 

Equipment P r essur izing System 

Production Test Procedu r e s - Low 
Pressure Pneu mat ics 

72/SYSTEM 19 / 163 Schemati c Drawin g - Ai r craft 2 5201 
Landing Gear 

72/SYSTEM 19/188 Schematic - ARROW 2 Whe e l Brakes 
(les s ant i - ski d) 

Issued 

June 1958 

May 1958 

May 19 5 8 

May 1958 

May 1958 

May 1958 

May 19 5 8 

May 19 58 

May 1958 

May 19 5 8 

May 1958 

May 19 5 8 

April 19 5 8 

May 19 5 8 

May 19 5 8 

April 19 5 8 

May 19 8 

12 3 
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Report No. 

72/SYSTEM 19/ 202 

72/SYSTEM 21 / 176 

72/SYSTEM 21/182 

Descr ipt ion 

Permissible Main Landing Gear Wheel 
Weight 

Schemat ic - Oxygen System 

Production Test Procedures - Oxygen 
System 

72 / SYSTEM 22 / 137 P roposed Mas s Flow Controller 

72/SYSTEM 22/144 Modification of t he M as s Flow 
Controller Theory to t he P recep t 
of C mpas s Flow Gu idance by the 
Rotor 

72 / SYSTEM 24/ 20 5 Deve lopment P rogram for the ARROW 
Esca pe System 

72 / SYSTEM 24/2 10 The R equirement for " Linked" Crew 
Es cape from the ARROW 

72 / SYSTEM 2 5. 157 A "rcraft 25206 - Eng ine Installation -
Inte rnal G r ound T est 

72 / SYSTEM 26/ 165 Installation of Gen ie M issiles in the 
AVRO ARROW 

72 / SYSTEM 31 / 186 D rag Cht...t e System - Schematic -
ARROW 2 

72 / SYSTEM 32/ 173 S chematic - Fl ying Contr ols 
Hydraulics - A irc raft 25 2 06 , 2 5207 , 
25208 

72 / SYSTEM 32/169 Inv e s t igation of Revise d Flying Control 
Boo st r H y draulic Circuits 

72/SYSTEM 32/209 Influe nce s of Hydrauli c Sti ffness , on 
Re s ponse of Flying C ontrol Hydraulic 
Circuits 

Issued 

June 1958 

May 1958 

May 1958 

Apr il 19 58 

April 1958 

June 19 58 

J u ne 1958 

Apr il 19 58 

April 19 58 
/ 

May 1958 

May 19 5 8 

May 1958 

J u ne 19 58 
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30 . 12 EQUIPMENT DESIGN REPORTS A i rborne and Ground Equipme nt -
Ma tntenance , Reliability 

Repo rt No . 

72/GEQ/8 

72/GEQ / 10 

72/GEQ/l 1 

72/GEQ / 12 

72/GEQ/13 

72 / GEQ / 14 

72/GEQ/L:> 

70 / AlR E Q 2 '.J /2 

7 1/ AlREQ / 2 

71 / AlREQ U:s / 3 

72/AIREQ 2 5/2 

72/AIREQ 32/3 

70 / MAINT / oo /3 

7 1/ MAl NT 24 / 1 

71/MAlNT 25/4 

Description 

ARROW 2 D es i gn Stu dy in Eng ine Grou nd 
Run U p a nd Te sting 

R equ Lrcement for A ir Condit ione r and 
G nerator A . C . and D . C . 

P ropo sal fo.r the Grou nd Su pport 
Equiprnent Demon s tration and 
Evaluat ion Conference 

Sta rting Unit R e qui r ments 

An lnvestigation of t he Need for an All ­
Weather Trailer , A ircraft Water Supply 

Propo sal for Intrim T y p e Test Con s ole 

ARROW Operating lnstructions for 
4, 00 0 ps i Hy draulic Test Stand 

ARROW - Valve Shut -O ff Temperature 
Contr ol 

ARROW 1 - Rework of Compensator s -
A i r craft 25201 

ARROW 1 - Relat ive Wi nd Sens o r and 
P 1tot Stat i c Bo m 

ARROW 2 - Gear Box D rive System 

ARROW 3 - Fl y ing Control Valves 

ARROW Ma intenance Instruct ions 
- Use of Pr - Load (P. L . l.) Washers 

ARROW M a intenance Instn.1 tion s -
E Ject;on Seats 

ARROW M a intenance Instruct ions -
J7 5 Engine P reservation a nd De ­
P reservation 

ls sued 

May 19 58 

May 19 5 8 

Ap ril 1958 

May 19 % 

May 19 5 8 

June 19 :>8 

J une 19 58 

Apr il 1958 

May 19 58 

June 19 8 

Apr il 19 58 

April 19 58 

J u n e 19 58 

May 1958 

May 19 58 
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Report No. 

AYIIQ AIRCRAFT llM/TEQ A VR O A R ROW - - -----------------------

Descript ion 

72 / MAINT 00/2 

70 / REL O / 2 

71 / REL 25 / 2 

An Int rod chon to the Personnel 
Requirements Data Study 

A New System for Recording , 
Utiliza tion Data on A i rc r aft 
Equipment 

ARROW - Pneumatic Starter - J7 5 
Engines 

30 . I 3 GENERAL TECHNICAL DESIGN REPORTS 

Report No . 

72 / INT AERO / I2 

72 / INT AERO / 13 

72 /IN T AERO / I4 

72 /INT AERO / I 5 

72/INT AERO / 16 

Descript ion 

Improvement of Subsonic Cruise for 

ARROW 2 By means of an Expandable 
Ej ctor Insert 

Perfor manc e Calculations at Subsonic 
Cr is e for ARROW 2 with 3 Ejectors 
of Small Throat D iameter Rati o 

D i stortion of Pres s ure Recovery at 
Compres or Face 

Anti - I cing on Intake Lips 

De terioration of Propuls ion Sy stem 
Th r st 

71 - 2/ AERO DATA/ 9 Effect of C . G . and Weight Change 
on be 

7I / AERO DATA/ II 

7I / ELASTICS/4 

71 / ELASTICS / 6 

72/ELASTICS/7 

Elevator H in ge Moment Under 
Var ious 'g' Loadings 

Rear Spar Deflected Sha pes fo r 
Induced Control Surfaces Bending 
Under " Elastic Loading Cases 

Flex ibility of A ircraft With Fully 
Effect ive Structure 

Eff cts of Spanwis e F ree Thermal 
Stresses on w ·n g To rsi onal Stiffnes s 

Issue d -
June I 95 

May 1958 

April I95 8 

I ssued 

April 1958 

ApriI 1958 

May 1958 

May 1958 

May I9 58 

May 1958 

J une 1958 

April I9 58 

May I 958 

May 19 58 
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Report No . 

71/STAB/28 

71/STAB/29 

71/STAB/31 

71/STAB/37 

72/STAB/35 

72/STAB/36 

72/STAB/38 

GEN/STAB/1 

72/LOADS/13 

72/LOADS/14 

71-2/LOADS/16 

71-2/LOADS/20 

72/LOADS/17 

72/LOADS/18 

72/LOADS/19 

Description 

Short Period Oscillation of the Elastic 
A ir craft 

Flight Measurements of Control Surfaces 
Duty Cycles 

Digital Computation Method of Analysis 
of Lateral Motion with Moving Lateral 
Controls 

Digital Computation Response Pre­
diction in Seven Degrees of Freedom 

Trim Angles · All Weights and C. G. 
Posit ions 

Tr im Angles at W=47, 000 lb . and 
C . G . = 29c 

Elevator Angle to Train at M=O. 5 
Based on High Reynolds Number 
Wind Tunnel Tests 

A Note on the Instability of Digital 
Solutions for D ifferential Equations 

Loads on External Tanks 

Air Loads Due to Jet Nozzle Extension 

Aerodynamic Pressures on the Win g 
Fuel Tanks 

Investigation o f the Elevator Load 
using Wind Tunnel Values of Cm 

CL and Ch ' 

Preliminary Load Analysis - Ejector 
Nozzle 

Is sued 

April 1958 

May 1958 

May 19 5 8 

June 1958 

June 1958 

June I 958 

June 1958 

June 1958 

April 1958 

April 1958 

April 1958 

June 1958 

April 1958 

Incremental A ir Loads For the Symmetric April 1958 
Aircraft in Symmetr ic Manoeuvres 

Document s Tabled at the Meet ing on 
May 8, 1958 on SubJect of Structural 
Int egr ity of ARROW 

May 1958 
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Report No. Descripti on 

70/COMP A/19 

70/COMP D / 2 

70/THERMO / 31 

70/THERMO/24 

70/THER MO/26 

71 / THERMO/ll 

71/THERMO/27 

72/THERMO / 23 

72/THERMO/2 8 

72 / THERMO/30 

70/ SIMUL/ 14 

70 / TACTICS/9 

72 / TACTICS/ 10 

70/TACTICS/ l l 

70/TACTICS/ 12 

71 / ENG PUB/9 

Aircraft Manoeuvres (Zoom) 

Stable Numerical Pro ce dure For 
Temperature Determinat ion 

An Analytica l S olution of Steady 
Static Temperature D i stribution 
in Joints 

An Extract S o lution for Temperatur e 
Response in an Insulated Sla b 

Accele ration and its Effects on 
Thermal Stresses 

ARROW 1 Fuel Temperatu re 

Instrumentat ion for A i rcraft 25201 

Fuel Tempe ratur es 

Para chute Temperah:.res 

Transien t Fuel T empe rature at 
Eng ine Inlet - AR ROW 2 

G e neral Information on the ARROW 
F light S imulator 

Schemati c Proposal for a S<-udy of 
the Mas s Raid Problem 

Effect of Steering L oc p Gains on 
t he In terce ptor of the ARROW . 

Seeker Lock-On Range Requirements 
Fo r t he Sparro w 1242D M i s s ile 

Information Requirements in Support 
of Part 7 of the Co -Ordinatin g 
Contract or s Statement of Wo rk 

Report on Accident t o AVRO ARROW 1 
25201 at Malton 

Issued 

Apr il 1958 

April 1958 

June 1958 

April 1958 

April 1958 

May 1958 

April 19 5 8 

May 1958 

May 1958 

June 1958 

April 1958 

April 1958 

June 19 58 

June 1958 

June 19 58 

June 19 58 




