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AVRO AIRCRAII 1/ M /TEO 

--------------- AV R 

1. 0 INTRODUCTION 

1. 1 SCOPE OF QUARTERLY TECHNICAL REPORT 

This is the third Quarterly Technical Report on the AVRO ARROW aircraft 
project. The object of the report is to inform the Canadian Governme nt of 
t e chnical development of the project during the three months period e nding 
31 March 1958. 

The report presents a description of work performed and the results obtained 
in the design and development activities of the project; it summarizes tech­
nical progress, changes and problems, in all phases of the program during 
the report p eriod. The text is divided into seven major sections which cover 
de sign, testing and deve lopment. 

1. 2 THE ARROW 

The ARROW is a high altitude, supersonic interceptor of advanced design, 
b eing developed by Avro Aircraft Limited at Malton, Ontario to RCAF Spec­
ification, AIR 7-4 Iss. 3. 

There are two versions of the ARROW; the ARROW 1 powered by two Pratt 
& Whitney J75 turbo jets and the ARROW 2 powered by two Orenda Iroquois 
turbojets. The ARROW 1 is normally conside r e d as an unarmed aircraft 
used for development purposes, but one aircraft (25203) will be equipped 
with a weapon pack containing simulated air vehicle (SAV) missiles . The 
first five aircraft will be ARROW 1 and subseque nt air c raft will b e ARR O W 2. 
The first fifteen ARROW aircraft have been allocated for contractor's t e sting 
a nd d evelopment, leading to the p roduction of fully operational ARROW 2 air­
craft which include th e Sparrow 2D air -to-air guided missiles and ASTRA I 
electronic system. 

Both ARROW 1 and ARROW 2 have essentially the same basic configuration 
but the more powerful engines of the ARROW 2 will give it sup e rior perform­
ance. The ARROW 2 is designed to operate at altitudes up to 6 0 , 00 0 fe e t arid 
s peeds in excess of Mach 1. 5, with a minimum combat radius o f action of 
200 nautical miles, and a time to 50,000 feet of approximately 5 m inut e s 
from engine start. 

1. 2. 1 ARROW 1 FIRST FLIGHT 

The first fli ght of an ARROW aircraft was made from Malton on 2 5 "lar c h 
1958 . This flight was made at moderate speeds and altitude s, and no e x ces -
ive manoeuvres wer e performed. 
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◄AVRO ARROW 
A YRO A IRCR AF T LI M /TEO 

1. 3 BRIEF DESCRIP TION O F ARROW AIRCRAFT 

1. 3. 1 ARROW 1 

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

The airframe is an all-meta l stressed skin structure and cons i sts 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 landing 
gear is an electrically-controlled, hydraulically-actuated tricycle type, with 
the main gear retracting inward and forward into the inner wing. The ste e r -
able nos e gear r e tracts forward into the front fuse lag e. 

The landing gear, wheel brakes, nosewheel steering and speed brakes are 
actuated by a 4,000 psi utility hydraulic system. A compressed air system 
is available for emergency lower ing of the landing gear. The fully power e d 
and irreversible fly ing control surfaces are operated by a separate 4, 000 psi 
hydraulic system comprising two completely mdep endent circuits. 

Powe r for the e l e ctrical system is provided by two engine -driven alternators 
with constant speed drives for alte rnating current, and two transformer­
rectifiers for conve rsion to direct current. 

Space in the radar nose and weapon bay is utilized for test equipment and 
instrumentation to e nable this typ e of aircraft to carry out its designated role 
as a slight test vehicle. 

1. 3. 2 ARROW 2 

The external configuration of the ARROW 2 is basically the same as that of 
the ARROW 1. However, there are major internal differences, namely the 
weapon pack carrying four Sparrow 2D air-to-air guided missile s, instdl­
ation of the ASTRA I electronic system, and r e placement of the J75 engines 
with Or e nda Iroquois engines. Provision is made for a j e ttisonable external 
fuel tank,and the mechanical proportioner tYP e fuel system used for centre of 
g ravity control on the ARROW 1 is replaced by an e l e ctrically controlled 
sequencing system. 
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1. 4 FIXED DIMENSIONS AND GENERAL DAT A 

CHARACTERISTICS: 

Length of aircraft ( excluding probe ) 

H eight of aircraft over highest portion of fin 
G round angle (Angle between aircraft ref­
erence line and ground s tatic line ) 
Tread of main wheels 
Wheel base 

WINGS : 

W ing area (including ai l e rons , e levators and 
390 . 5 sq ft of fuselage and not including 
28. 63 sq ft of extende d l eading edge) 
Span 
Chord - Root 

- Construction tip 
Mean Aerodynamic Chord 

ARROW 1 and ARROW 2 

(77 ft 9. 65 in {See Note 1) 
(76 ft 9. 65 in {See Note 2) 
21 ft 3. 0 in 

4. 55 d eg r ee s 
25 ft 5. 66 in 
30 ft 1. 0 in 

1,225.0 sq ft 
50 ft 0. 0 in 
45 ft 0. 0 in 

4 ft 4. 98 in 
30 ft 2. 61 in 

Airfoil section - Inner wing profile 
- Outer wing profile 

NACA - 0003. 5-6-3. 7 (Modifi e d) 

Camber 

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

. 0075 (Modifi e d) 
Incid enc e - At root 

- At construction tip 
Anhedral of chord plane 
Aspe ct ratio 
Tap e r ratio 
Thickness ratio - parallel to <L of a ir craft 
Sweepback at 25% chord 

AILERONS: 

Aileron are a (aft of hinge l in e ) - Total 
Span {each) 
Chord (ave rage percent of wing chord) - Root 

- Tip 

ELEVATORS: 

Elevator area (aft of hinge line ) - Total 
Span {each) 
Chord {average p e rc e nt of wing chord) - R oo t 

- T ip 

Z e ro d eg r ees 
Z e ro degrees 
4. 0 d e g r e es 
2. 04 
0. 0889 
3. 5 and 3. 8% 
55 d eg r ees 

66. 55 sq ft 
1 0 ft O. 0 in 
25.735 
35. 0 

106. 90 sq ft 
1 0 ft 2. 0 in 
14.109 
25.735 

5 
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AYRO AIRCRAFT LI M ITED 

RROW-----------------------

CHAR AC TERlSTlCS: 

Ve rtical tail area (including rudde r) 
Sp an 
Chord Root 

ARROW 1 and ARROW 2 

158. 79 sq ft 
12 ft 10. 5 in 
19 ft 0. 0 in 

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

Construction tip 
M ean aerodynamic chord 
Airfoil s ection 
Sweep Back - L e ading e dge 

NACA 0004-6-3. 7 (Modified) 
59. 34 d eg r ees 

Aspect ratio 
Tap e r ratio 

- Trailing e dge 
- 1/4 chord 

Thickness r atio (paralle l to aircraft datum) 
Rudde r area (aft of hin ge line ) 
Rudder - Span {ave rag e ) 

- C hord (ave rag e percent vertical fin 
cho rd) 

SPEED BRAKES: 

Spee d brake area (2) - Proje cted 
Spa n (each) 
C hord 

33. 08 deg r ees 
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 

CONTROL SURFACES AND CORRESPONDING CONTROL MOVEMENTS 

CHARACTERISTICS: 
ARROW 1 and ARROW 2 

Surface Movement Control M ove m ent 

Ailerons: 
Elevat ors: 

Rudder : 

Up and D own 
Up 
Down 
L eft 
Right 

Speed Brake s 

Note 1. Aircra ft 25201, 25202, 25203 

19° 
30° 
20° 
30° 
30° 
60° 

Note 2. Aircraft 252 04 and subs eque nt aircraft. 

4. 98 in 
Aft. 6. 63 in 
Fwd. 4. 37 in 
F wd. 3. 28 in 
Aft. 3. 03 in 
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2. 0 WEIGHT AND CENTRE OF GRAVITY 

2o 1 WEIGHTS 

The ARROW 1 weight history (Figure 3) and weight summary (Table 1) are 
applicable to aircraft 25201. Since this aircraft is now actively engaged in 
a fli ght testing program, the applicable monthly weight report will be dis­
continued and will be replaced with periodic weight reports, based on actual 
weighings of the aircraft. 

The ARROW 2 weight history (Figure 4) and weight summary (Table 2) are 
estimates, based on the fully operational aircraft. 

Weight changes noted in the tables are explained by footnotes. Weight 
accounti ng , as used in the foot notes, refers to recorded weight changes 
arising from minor design changes, revised weights obtained from produc­
t ion drawings, and the incorporation of actual weights or vendor quoted 
weights. Significant accounting changes and weight changes occurring for 
r e asons other than normal weight accounting, as defined above, are explained 
by more deta iled footnotes . 

2o 2 CE NTRE OF GRAVITY 

2o 2o 1 ARROW 1 - AIRCRAFT 25201 

Base d on t he d a t a given in Table 1, 815 pounds of nose ballast is r e quired to 
re s tr i c t cen t re of g ravity (C. G.) trave l to the extreme aft position of 31 % 
MAC . Unde r the se conditions, the extreme forward C. G. occurrs at approx­
imate l y 290 9 0% MAC. 

2. 2. 2 ARROW 2 

The extr e m e points of C. G. travel, corresponding to the weight summary in 
T able 2 , are as follows: 

E x treme forward C.G. 

Extr e me aft C . Go 

2 . 3 ACTUAL WEIGHING - AIRCRAFT 25201 . 

27. 00% MAC 

29. 60% MAC 

Pre-fli ght a nd post-flight w e ighing s of aircraft 25201 indicate that fir st fli ght 
weigh t s were approximate ly as follows: 

Engine start-up 

Take-off 

64, 500 lb 

62, 500 lb 

7 
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Landing 

Fuel load 

Operational weight empty 

56,000 lb 

15,300 lb 

49,200 lb 

Centre of gravity throughout the flight varied from approximately 28. 00% MAC 
at take-off (landing gear up) to 29. 25% on landing (landing gear down). 

The derivation of the weights stated above is dependent on fuel loading as 
determined from readings of the individual tank fuel gauges located in the 
instrument pack. There is, however, reason to doubt the accuracy of the fuel 
gauge readings. This is evident from the following : 

Correcte d weighed weight 

Fuel load (from gauge readings) 

Operational weight empty (zero 

fuel) 

W e i ght - lb 
Pre -flight Post-flight 

64 , 394 

15,240 

49,154 

55, 929 

6, 120 

49,809 

Although the discrepancy between the two figures for the zero fuel condition 
represents approximately 1. 25% of the operational weight empty, which 
might be conside red as acceptable accuracy, the numerical difference is con­
sidered to be greater than the known errors in the weighing e quipment. The 
reliability of fuel gauge readings, however, will not be known until an actual 
weight of the aircraft with no fuel aboard is obtained. The aircraft has not 
yet been made available for weighing in its drained condition. 

A true comparison of operational weight empty as given in Table 1 with a 
corresponding actual weight cannot be made until an actual dry weight is 
obtained. 
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TABLE 1 - S T ATE MENT OF WE I GH T 

ARROW I - AIRCRAFT 252 01 

Weight - Pounds 

Present Previous Change Notes 

Structure 18642 18606 + 36 (a) + 77 
(b) - 41 

Landing gear 2609 2601 + 8 (a) 

Power plant and s e rvices 14414 14392 + 22 (a) + 12 
( c) + 10 

Flying controls group 2014 1853 +161 (a) + II 
( d) +150 

Fixed and removable equipment 9625 9627 - 2 (a) + 55 
(b) - 91 
(e) + 34 

BASIC WEIGHT 47304 47079 +225 

Useful load (less fu e l) 921 921 

Ballast 815 905 - 90 (f) 

OPERATIONAL WEIGHT EMPTY 4904'0 48905 +135 

Maximum internal fuel 19562 19843 -281 (g) 

ALL UP WEIGHT - Maximum 
inte rnal fuel 68602 68748 -146 

Notes : (a) We ight accounting 
(b) 
(c) 

Eme rge ncy ram air turbine syste m not require d for aircraft 25201 
Modification of waste fu e l drains 

( d) 

(e) 

(f) 
(g) 

Introduction of surge damping accumulators and hydrauli c power 
boosters 
Introduction of seque nce mechanism for closing nose landing gear 
door 
Ballast adjustment to limit aft C. G. position to 31 % MAC 
Fue l capacity of fuselag e t anks decreased 36 gallons due to an 
increased air space r e quir em ent. 

9 
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FLIGHT TEST EQUIPMENT 
PRELIMINARY ESTIMATES 

AND INSTRUMENTATION 

GROSS WEIGHT 

MAXIMUM 
INTERNAL FUEL 

BASIC WEIGHT 

NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC JAN FEB MAR APR 

1956 1957 1958 

FIG. J WEIGHT HISTORY - ARROW 1, AIRCRAFT 25201 
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TABLE 2 - STATEMENT OF WEIGHT 

ARROW 2 - OPERATIONAL AIRCRAFT 

Weight - Pounds 

Present Previous Chang e Note s 

Structure 19161 19044 +117 (a) +106 
(b) + 11 

Landing gea r 2584 2542 + 42 ( a) + 9 
( c ) + 33 

Power pla nt and s e r v i ce s 10800 10800 -

Flying c ontrols group 1927 1793 +134 ( a ) + 8 
( d) +126 

Fixe d a nd r e movable e quipme nt 8 916 8641 +2 75 ( a ) + 9 0 
( ~) +12 1 
( f) + 64 

BASIC WEIGHT 43388 42820 +568 

Use ful l oad (le ss fu e l) 2799 2789 + 10 ( a ) + 1 0 

OPERATIONAL WEIGHT EMPTY 46187 45609 +5 78 

Norma l c ombat mission fue l 17530 17370 +160 ( g) +160 

NORMAL COMBAT WEIGHT 63717 62979 +738 

Notes: ( a) W e i ght a c c ount ing 
(b) Struc tural provision for fin IR s ee ke r mounting 
( C) Anticipate d Dowty w e i ght sav ing in leg shortenin g m echanism 

cannot b e achi e veq, 
( d) 

( e ) 
( f) 

Allowance for introduc tion of powe r booster s a n d surge dampe r s 
ba se d on ARROW 1 insta llation 
R evised and a ddition al data from RCA on ASTRA rad a r equipment 
Sparrow pac k equipment we ight b a s e d on producti on drawing 
e stimates of ARROW 1 tria l installation 

( g ) Due to in c r ea se in op e rational w e i ght empty 

1 1 
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3o Q PERFORMANCE 

3. 1 ARROW 1 

3. 1. 1 PREPARATION FOR FLIGHT TEST ANALYSIS 

Proposed non-dimensional performance curves have been plotted to facili­
tate the immediate comparison of estimated performance results with the 
flight t est data during the development period of the aircraft. Flight test 
data is recorded on datatape, which, after editing, is processed by the IBM 
704 for automati c analysis. The following non-dimensional graphs have been 
prepa r e d: 

(a) Installed Engine Performance (all plots vs RPM) 

(b) 

1. 
2. 
3o 
4. 

Thrust 
Intake pressure recovery 
Specific fuel consumption 
Others - academic 

B a sic Engin e Performance (all plots vs RPM) 

L Rela tive RPM's - N1 vs Nz 
l o A i rwe ight flows 
3. Fuel consumption 
40 J e t pipe temperature 
5. Pressure ratios 

(c) Air c raft Performanc e 

L 
Zo 
3. 
4. 
5. 

D rag 
R ate of climb 
L evel spe e d 
Time , fuel and distance to height 
T a ke o ff and landi ng 

T e st data on the high sp e ed taxi runs and first take -off and landing is being 
analyz e d and compared with the estimated perfor.mance. Results to date 
indicate fair agre e ment w ith previous estimates, the estimated air runs being 
conservative. 

3. 1. 2 TRIM DRAG CORRECTION TO FLIGHT TEST RESULTS 

An investigation has been completed to determine the magnitude of trim 
drag corre c t ion to be applied to flight t e st results arising from changes in 
thrus t , C of G a nd load factor . Under normal operating conditions, trim 
drag correction was found to be small. Reference: 71/PERF /10 - Trim Drag 
Correction to Flight R e sults - J a nuary 1958. 
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3. 2 ARROW 2 

Periodic Performance R e port No. 13, January 1958, requested by the RCAF, 
has been issued. The primary purpose of report No. 13 is to show the effect 
of change in operational weight empty, on the pertinent performanc e char­
acteristics. It is not anticipated that the performance parameters used in 
reports No. 12 and 13 will be changed until flight t est data becomes available. 
However, additional data (e. g. zoom ceilings and means of improving over­
load range mission) will be added from time to time. 

3. 3 ARROW 2 OVERLOAD RANGE MISSION 

A study has been made of the factors influencing aircraft range (i. e . drag, 
propulsion and fuel capacity) in order to establish the best means of meeting 
the 1500 NM range requirement specified in AIR 7-4. 

It is propo sed that the propulsion system be modified by the insertion of a 
jettisonable nozzle insert, optimized for the overload range mission. The 
estimated result of such a modification indicates a range of 1550 NM with the 
500 gallon external tank jetti soneci and 1490 NM with external tank retained. 
For flight at M = . 92 and 40, 000 fe et , with the nozzle insert, the fuel flow 
rate, and therefor e the specific range, is improved by 15%. Because of 
improvement in climb and loiter the overall gain in range is approximately 
18%. 

The nozzle insert improves thrust in the subsonic speed range, largely by 
reducing the rnass flow and, therefore, the losses in the bypass system. 
S ince the intake duct is not choked in the cruise condition, the reduced by­
p ass flow results in less air being taken aboard. This in turn , results in 
reduced losses in the int ake duct. The reduced bypass and duct losses, will 
allow a reduced engine RPM for the thrust required at the cruise condition, 
and therefore, a lower rate of fuel flow . 

The nozzle insert is to be secured to the ejector by four explosive bolts 
connected electrically to the throttle lever. When the throttles are moved to 
the afterburner-on position, the insert nozzle is ejected (see figure 5). 

With this system, the take -off distance will be increased since afterburners 
cannot be used without jettisoning the nozzle msert. On a standard hot day 
at sea level, the ground run is estimated to be 3, 750 feet; and to clear a 50 
foot obstacle a very conservative estimate is 9, 500 feet. 

Consideration was also given to the refinement of cruise speed and the esti ­
mate of the external fuel tank drag. Cruising at M = . 90 and 40 , 000 feet, 
gives the maximum specific rang e and contributes about 4% to increased 
range estimates. A review of the drag coefficient for the external tank, l ed 
to a drag reduction which contributes less than 1 % to range increase if the 
Lank is jettisoned and about 3% if the tank is carried throughout the mission. 
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Reference 72/PERF /16 - Improvement of ARROW 2 Overload Range Mission. 

3. 4 WIND MILLING BUZZ BOUNDARIES 

The buzz boundaries for the ARROW 2 have been recalculated due to changes 
in windmilling mass flow estimates and revised trim angles of attack. Since 
this subject has not been discussed in previous quarterly reports it is 
explained as follows: 

At free stream Mach numbers greater than 1. 76
1 
the normal shock wave 

structure off the intake ramp inlet lip, changes. The normal shock wave 
alters to a bifurcated (forked) foot or "lambda wave" which results in a 
wedge shaped separation of the boundary layer. At the lower inlet mass flows, 
this lambda wave, and in particular the boundary layer wedge, become in­
creasingly unstable and fluctuate back and forth. At low duct flows , this flu_c -
tuation finally reaches the point wh e r e the whole system fluctuates violently. 
This results in a fluctuating static pressure within the intake duct , which is 
defined as buzz. Because of the high frequency and pressure amplitude 
resulting from this phenomenon, it threatens the structural integrity of the 
duct and the engines. Buzz may also re sult in the periodic oscillation of 
thrust and even blow-out of the engine s. Boundary layer bleed--off on the 
face of the intake ramp is used as a means of controlling buzz, 

The buzz threshold has been ascertained and is defined as the engine mass 
flow , in subcritical operation, for which the duct static pressure amplitude 
of fluctuation is 20% of the free stream total pressure. This is synonymous 
with the final violent movement of the whole shock structure as describ ed. 
The threshold is transposed to indicate the aircraft Mach numbers and alti­
t udes above which the aircraft should never be flown , for a range of normal 
accelerations to be free of buzz, With the engines windmilling, the aircraft 
will not be clear of buzz while altitude and speed conditions are those to the 
right of the normal acceleration curves shown in figure 6. At the lowe r alti­
tudes , the aircraft will de cele rate more rapidly when one engine cuts, so 
that time in the buzz danger zone is short. In addition, the engine will take 
a short time to slow down to windmilling RPM

7
during which time buzz cannot 

oc c ur. The pilot may avoid buzz when an engine cuts in flight , by e ntering 
some manoeuvre to increase the normal acceleration or g load. 

Any incr~ase in aircraft weight or forward shift of C. G. from 47,000 lb. 
and. 31 C respectively, generally will improve the buzz free rang e . R e f­
erence: 72/INT. AERO/8 - Windmilling Buzz Boundaries - ARROW z -
March 1958. 

3. 5 SPECIAL PERFORMANCE REPORTS - R e quested by RCAF 

Performanc e estimates fo r use in SAGE studies , as requested by AAWS for 
the ARROW SAGE Co-ordinating Committee, have been is sued. R efe r ence: 
72 /P ERF/ 13 - F ebruary 1958. 
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3. 6 ZOOM CEILINGS 

AVRO AIRCRAFT LIMITED 

20 

As requested by RCAF
1 

work is in progres~ to determine the zoo1:'1 ceiling . 
This report will indicate the altitude to which the_ARROW may climb, or 
zoom , through the conversion of kinetic to potential energy, from the normal 
or constant-speed ceiling of the aircraft. 

.;,. 7 TACTICAL EVALUATION - DIGITAL COMPUTER PROGRAMS 

3. 7. 1 MIDCOURSE GUIDANCE UNDER SAGE CONTROL 

A study is currently being written and programmed for IBM 704 computation, 
for the intercep tion of a single target by a single interceptor. Philosophies of 
tracking and guidance employed by SAGE will be used as far as possible in 
this study. 

So -called Monte Carlo sampling of statistical quantities is used wherever 
applicable , so that by analysis of a large number of runs for any given initial 
conditions, the results are obtained in the form of heading distributions and 
placement error s a t AI radar acquisition. In addition , by using the results of 
a terminal phase s t udy and assuming a value for missile Pk, overall kill 
probabilities arc 0°!:)tained. 

The target flight ' a may be either straight or dog-leg. Target speed and 
manoeuvre are inpu t. p arameters , and in the case of a weave, the leg-lengths 
may be made random. Tracking is by two radars which have individual 
characteristic s of s y stematic and random errors. Suitable models to simu­
late blip/scan and random radar noise, are also included. The r eduction of 
r ada r dat a to produce a predicted path for the target, and the smoothing of 
the interceptor ' s path to the target through additional data as it arrives, is 
carried out as it is done by SAGE . However, since there is no n e cessity to 
distinguish betwe en individual target paths , the problem is simplified. 

The midcourse guidance of the interceptor may be based on either direct l ead 
collision attack or an offset point lead collision, as is used initially. 

Heading commands are passed to the aircraft so as to provide a smooth inter -
ceptor path. The end of a run is determined by comparing the actual positions 
and headings of interceptor and target, to determine when the AI detection con­
tour is crossed. This contour corresponds to a preselected value of detection 
probability, and is used as computer input in a table of range versus intercep­
tor aspect angle, r e lative to the target. When it is crossed, the position and 
heading errors of the interceptor relative to the target are dete r mined. At 
the same time, the course difference and aspect angle values are corn ared 
with a success region, determined by a ';erminal phase evaluation, to ~how 
whether the interceptor would have been able to correct its course for a 
successful attack. These results are stor e d, and after a number of runs for 
the sa·me initial conditions, they are analyzed. Thus, the error distributioD.s 
and probability of success are obtained. 
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3. 7. 2 TERMINAL PHASE EVALUATION 

Work is p rocee ding on a digital computer program to simulate interceptor 
terminal phase attack in three dimensions with automatic steering (A sim­
ilar study has been made by CARDE without considering the steering mode). 

The following is an outline of the scope of the computer program. 

Target 

Any target speed and altitude may b e specifie d and must the n remain con­
stant. The tar ge t may manoeuver at any time after detection by the inter -
ceptor. 

Interceptor 

The i nte rceptor continues on a steady mano e uver, usually straight and leve l 
fl i ght, after targe t dete ction, e ither for a fixe d time or until a given rang e is 
r e ache d , w h e n aut omatic steering is introduced. 

Steering 

The program may consider a targe t having a h e ight advanta ge and the inte r­
cep t or manoeuvring in eithe r II snap-up" or a climbing turn with missile or 
rocket armament. The stee ring command may be based on any of the follow­
ing courses: 

l . P ure pursuit 

2. Pure collision 

3. 

4. 

5. 

6. 

7. 

8. 

L ead Pursuit 

L ead colli sion 

Combine d mode. (le ad collision for R > R max. and l e ad pursuit for 

R4 Rmax.) 

Fixe d range l e ad pursuit - this has the property that sin 00< W 

Modifi e d l ead collision - this is mechaniz e d to include the acc e l er ation 
capability of the inte rc e ptor when flying be ­
twee n its limiting Mach numbe r . 

Counte r counte r m e asure mode (CCM) 



22 

SECRET 

AYRO AIRCRAFT l/M/TEO 

AV RO ARROW ----------------------::~J;--

Methods of Solution 

An iterative solution is use d, and the time interval may be chosen as 
d • ed The program may be used to initiate a single attack for one set 

e sir • . 
1 

f s me d of initial aircraft spe eds and positions. Alternative y, or an ~ su 
d e tection contour , it will attempt interception for one course d~fference 
f all aspect angles to find the marginal conversion boundaries, and . 
rom 6 o If d • d th' detection repeat this for course differences through 3 0 . estre , ts . 

contour can be automatically varied to cover all ranges up to 40 nautical 
miles. The se boundaries also depend on the steering mode employed. 

Discussion 

The program may be used with heading and placement probabilities derived 
from a midcourse Automatic Ground Control Interception (AGCI) study to 
give overall conversion probability. 

Alternatively , for a given AI detection contour, a conversion contour , drawn 
against course diffe rence and aspect angle may be derived from the terminal 
phase study. Given a value for course difference or asp ec t angle, this will 
show the conversion bounds on the other angle and may be written into the 
midcourse guidance study to give overall conversion probability. By con­
sidering several manoeuvres, the conversion boundaries against any target 
at a certain speed may be found, R eference: R eport No. 72/TACTICS/8 -
Notes On Digital Computer Programs for Tactical Evaluation of the ARROW . 

3. 8 EFFECT OF STEERING LOOP GAINS ON INTERCEPTION 
CAP ABILI TIES 

Analog computer studies have shown that radome er rors are causing insta­
bility in the AST RA I system steering loop. It is furth e r shown that a reduc -
tion to one quarter of the present gain will completely stabilize the system 
at all ranges in the tail region. The tail aspect at long range _is thought to 
impose the greatest restriction on the useable gain. A preliminary ,systems 
evaluation study shows that the r e duction in gain gives an improvement in 
time in the firing zone for launching Sparrow 2 missiles , for the cases con­
sidered. However, the firing error at the mechanized firing time , is greater 
w ith the reduced gain. This is unimportant in missile attacks where the 
armament may be launche d at any time , provided that steering e rror is les s 
than the allowable tole ranc e. Howeve r, ro ckets may only be r e lease d at 
the mechanized firing point, and the e rror tolerance is comparatively small. 
Initial studies with a scheduled gain indicates that it should b e possible to 
cure_ the s tability problem without loss of accuracy for rocke t firing . 

The steering loop stability at other asp !et angles is still unde r investigation. 
R efe r e nc e: Report No. 72/ TACTICS/5 - A Pre liminary Study of the Effe ct of 
the Stee ring Loop Gains on the Interception C apabilities of the ARROW _ 
Sparrow 2 Weapon System - March 1958. 
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3. 9 EFFECT OF MAXIMUM g STEERING ON INTERCEPTION 
CAP ABI LITIES 

A brief study has b een made to examin/;! the e ffe ct of maximum g steering 
on the interception capabilities of the ARROW aircraft. Manual control of 
the aircraft has been assumed with normal accelerations corresponding to 
maximum e l e vator d e fle ction to correct for any off-course error. A range 
of co-altitude attacks at 90° and 180° initial course diffe rence was studie d . 
The target in all cases make s a constant speed, l. 8 g turn, away from the 
interceptor. L e ad-pursuit and modified l ead-collision trajectorie s were 
determine d, and in all attacks the targ e t and inte rceptor initial spe e d was 
M = 2. 0. The change in interceptor speed was calculated as a function of 
the a pplie d normal acceleration along the fli ght path. 

The results of the study have shown that the rapid correction of steering 
errors early in the interception are not desirable, sinc e the high normal 
accelerations that follow, result in large spee d losses. This is particularly 
true in the lead collision mode whe r e the large l e ad angles demanded r e sult 
in sustained periods of fl ight at high normal accelerations , loss of spe e d, 
and consequent incr e ase in the lead angle required. The e nd result in most 
of the cases con sidered is that the int ercepto r is unable to fo llow the target 
as it continues its e vas i ve manoeuvre , and falls away b e hind the target b e for e 
reaching the firing zone. 

The conditions of high target speed and evasive manoeuvre are severe ; 
however , it is thought that even with more reasonable parameters, qual­
itatively simi lar results would be found. R eference: R e port No. 72/ 
TACT ICS/7 - E ffect of Trim Limit Conve rs ion Manoeuvre s on Terminal 
Phase C apabilities of the ARROW when Op e r ating Against Equal Spee d 
Tar gets - Mar c h 195 8. 
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4. 0 STABILITY AND CONTROL 

4. 1 DAMPER SYSTEM PROBLEMS 

An investigation has been made to eliminate the influen:e of structural osc ill ­
ations on the damper system. These oscillations are pick:d up by acceler_­
ometers and transmitted to the flying controls as a false signal. The P:rtment 
arts of the system were tested on the damper simulator and the followmg 

p • 1 t· parameters were investigated to determine a sou ion. 

1. Stiffening of the accelerometer mounting brackets 

2. 

3. 

5. 

6. 

Relocation of accelerometers closer to the torsional axis of the 
aircraft. 

Reduction of accelerometer frequency response characteristics. 

Reduction of servo loop gain. 

Reduction of damper loop static gains. 

Rate limiting of the servo by hydraulic means (i. e. orifices} 

7. Electrical filters. 

For the initial flight of aircraft 25201, an interim solution was provided 
using parameters 1, 4 and 5, above. This resulted in some restriction to 
the flight envelope. In order to provide a permanent solution, and remove 
the limitations imposed on the damper, the other parameters will be con­
sidered. A filter has been designed and is at present undergoing tests before 
installation in the aircraft. This will eventually be introduced as a de sign 
change to the damper system. 

4. 2 CALIBRATION OF DAMPER SYSTEM 

Damper system checking prior to first flight was to have been conducted 
using go/no-go ground t e st equipment. However, considering the system 
state of development,it became apparent that checking by this method would 
be inadequate. As a result, ground calibration was undertaken by AVRO for 
a more complete investigation, during which the following faults wer e found: 

1. 
The transve rse accelerometers brackets were not of sufficient stiffness. 
This contribute d to the magnitude of the structural oscillations (as 
described above} transmitted to the damper servos. 

2. Accelerome ters were not mounted level with the aircraft datum. This 
caused the rudder to be out of trim when the damper was switched on. · 
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3. A prohibitive amount of cross-talk ( one system influencing the other) 
existed between the elevators and rudder . This was the result of the 
servo loop gains required to atte nuate the structural oscillations. By 
adjustment to the Mo og valves , cross-talk was reduced to a tempor­
arily acceptable level. 

4. Small random oscillations of the rudder were experienced. This was 
trace d to the Moog valves and corrected through further adjustment. 

5 . Wiring errors were found which were causing incorrect static gain 
setting of the damper. 

6. Spur ious electrica l signals to the damper were being picked up , causing 
incorrect operation. These interferences wer e traced and corrected. 

4. 3 SI MULATION TESTS 

Simula tion tests were performed on the first aircraft to check out the opera­
tion of the damper and control systems. For these tests , aerodynamic 
simulation ·,vas accomplished on the analog computer with a presentation to 
the pilot by means of a special panel in t he cockpit . These tests verified the 
functional operation of the damper for all flight cases expected in the initial 
flighttest program. T he control operations were checked with reduced hy­
draulic systems operation, simulating engine-out or system-out conditions. 
The damper switching functions were also checked out at this time. The 
evaluations we re made by AVRO experimental p ilot s. 

4. 4 STIC K-FORCE MODE "GEAR DOWN" INSTABILITY 

Furt her proble ms in the stick force tran sdu ce r loop have been encountered 
since the previous reporL A new Humphrey stick force transducer has b een 
receive d and is being evaluated on the flight test simulator. In addition to 
the fixes prop osed previously , it was found necessary to design and incor­
porate additional filter s. These will be tested in the near futur e . 

4. 5 IR SEEKER 

Airloads on the seeker have been calculated. Wind t unnel tests, at the NAE 
high s p eed tunnel, are to be made to determine the effect of the seeker on 
stability and control. 

4. 6 g LIMITER 

Honeywell submitted two proposals to AVRO to overcome the g limiter 
problems. Of the two systems, a servo ac cel erometer syste m was chosen. 
This system has the advantage of providing a wider g range of normal p e r -
formance, free of nuisance dise ngag e ments while still adequately protecting 
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• ft f bat gross weight. The servo accelerometer system also the aircra or corn . 

6 0 0 

ds 
affords a large part of the extra protection required for the 0, 0 poun 
gross weight configuration. 

4. 7 MISSILE CAPTIVE FLIGHT 

Difficulties were 
As a result, a 
Ref: ARROW 

The dynamic analysis and investigation is continuing. 
encountered in obtaining a satisfactory dig i tal solution. 
mathematical formulation of the problem was required. 
Quarterly Technical Report Sept. 1957. 

4. 8 WIND TUNNEL TESTING 

4. 8. 1 AIR DATA NOSE BOOM 

new 

The nose boom has been under test at the Cornell Aeronautical Laboratories 
8-foot transonic wind tunnel. Isolated testing (i. e. free from influence of 
aircraft body) has been conducted to check nose boom specifications and to 
provide data for other testing programs. 

The a lpha-beta vanes have been calibrated over a range of± l 5° yaw and 0° 
to + l o

0 

angle of attack. The vane errors, measured simultaneously, are 
± l 

O 

for the beta vane and from Oto 2° for the alpha vane, measured over the whole r ange of angles. 

The dynamic stability and damping of the vanes has been investigated and th e 
resonance frequencies measured. The results are being analyzed. 

The static and total pressure e rror of the nose boom pttot head has also been determined. 

Icing characteristics of the releative wind sensors and the pitot section of the 
nose boom have been rescheduled for the early part of the next quarter when 
testing facilities are expected to become available. These tests will be per­
formed in the full scale NAE icing tunnel. 

4. 8. 2 SPIN A ND RECOVERY CHARACTERISTICS 

The basic program to dete rmine spin and recovery characteristics of the 
aircraft has been outlined in the previous Quarterly Technical Report. Test­
ing is approximately 75% complete. High altitude tests have not been con­
du cted to date, because of the handling difficulties previously described. 

4. 8. 3 POST STALL GYRATION TESTING 

A description of these tests is contained in paragraph 4. 1 o of the previous 
Quarterly Technic a l R eport. These tests are to follow completion of basic 
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program , provided that facilities are available by that time. 

Diffi c ulties encountered with the first experimental catapult, have caused 
some delay. This devi ce is being redesigned, and a stronger version is to 

be built. 



28 

A V RO AIRC RA FT LI M /TEO 

5. 0 THERMODYNAMICS 

5. l REVIEW OF NOISE PROBLEMS ON ARROW AIRCRAFT 

The following is an abreviated discussion of the various noise-producing ele­
• t d 'th the ARROW and the effect of these elements on ments associa e wi . 

ersonnel equipment and structure. Several problems are shown to exist 
~nd sug~e~tions for their solution are made. The overall problem~ appear 
soluble with little resulting p enalty to the aircraft. Complete_ details o~ 
n oi se problems was containe d in R eport 7 /ELASTICS/3 - Review of Noise 
Problems on ARROW Aircraft - February 1958. 

5. 1. 1 NOISE OUTSIDE THE AIRCRAFT 

5. 1. 1. l Far Field Jet Noise 

By a method of approximation, comparison to the known data for other jet 
engines, and available Iroquois data, the far field noise pattern for the 
Iroquois has been estimated. Figure 7 shows the total noise levels in terms 
of d ecibe ls (for definition of decibe ls see para. 5. 5) . 

5. L 1. 2 Near Field Jet Noise 

The Iroquois near field noise, based on scaled up Orenda 11-R data, is 
shown in Figure 8. These total sound pressure levels correspond to maxi­
mum engine thrust conditions which produce the greatest amount of noise. 
The rudder, wing control and stinger are shown to be in sound pr essure 
level fields of 148 to 155 db, 143 db and 165 to 170 db respectively. 

5. 1. L 3 Boundary Layer Noise 

The pressure fluctuations in each eddy of a turbulent b oundary layer are 
small. The total effect of a sheet of these eddies washing a skin pane l can, 
however, induce pronounced affects both in transmitted sound to the interio r 
a nd in direct effect to the skin structure. Since these pressure fluctuations 
a.re heard only as a result of the vibrations they induce in the structure , 
they are t e r med pseudo-sound. The motion of a panel under boundary layer 
excitation differs from panel flutter. The latter phenomenon arises from the 
interaction of aerodynamic forces and the elastic forces which causes the 
panel to move a.s a whol e , while the boundary layer causes running ripp les, 
which are independent of the panel mot ion. 

The size and associated pressure of the boundary layer eddies vary with 
<el.ltitude , boundary layer thickness and traversing speed (approx. o. 7 of 
flight speed). Boundary layer fluctuathg pressur e leve ls are p lotted against 
altit ude and speed in Figure 9 . 
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BASED ON AVAILABLE IROQUOIS DATA 
(ONE IROQUOIS SERIES 2 ENGINE 

WITH AFTERBURNER OPERATING) 

300' 

200' 

200' 

300' 

FIG. 7 ESTIMATED FAR FIELD NOISE 

(ZERO db .0002 MICROBAR) 
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NOISE FIELDS FOR ONE AND TWO ENGINES 

AT FULL AFTERBURNER OPERATION 

130 

CONDITION OF AIRCRAFT 

l. STATIC 

2. NO WIND 

3. NO SILENCERS 

4. FULL AFTERBURNERS 

135 

TOTAL SOUND PRESSURE LEVELS IN DECIBELS (db) 
ZERO db ~ .0002 MICROBAR 

130 135 
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140 

BOTH 

ENGINES 
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FIG. 8 NEAR FIELD NOISE 
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It s hould be noted that the results of panel tests unde r engine jet nois e con ­
ditions cannot be expected to predict the e ffe cts on a panel due to boundary 
layer pseudo-sound l evels. 

5. 1. 1. 4 Shock Wave Noise 

Shoc k wave noise is also classified as pseudo-sound, since only its effect can 
be heard. The random oscillations of an unsteady shock wave, terminating at 
a surface, can app reciably deflect t hat surface, resulting in noise radiation 
to the interior. This noise source has been investigated for the intake ramps. 
The greatest noise contribution is at low frequencies, remote from the 
natural frequency of the structure. 

The shock wave pattern over the canopy is unknown; however, a complex and 
unsteady pattern is indicated. The ene r gy of these s hock waves may excite 
the structur e and so radiate noise into the cockpits. 

5. 1. 2 NOISE INSIDE THE AIRCRAFT 

The v ibrations of structure and components, and the operation of certain 
accessories and equipment, are the sources of internal noise . The structural 
noise source is due to the response from the external excitations as described 
in paragraph 5. 1. 

The internal noise from structural vibrations is roughly estimated by assum­
ing that the structure attenuates the source noise level by 10 to 20 db. T his 
is very roughly applicable to both the boundary layer and jet sources o f 
noise . The attenuation of shock -induced noise requires more consideration . 

T he internal noise from the equipment and accesso r ies is estimated from test 
measurements "on the bench". Aside from engine vibration, the most se r­
ious internal noise generator is the air conditioning unit. At p eak perform­
ance it is estimated that this unit produces at one foot distance, a total sound 
pressure level of from 130-135 db. T he air conditioning ducting is a lso 
expected to be a noise source, due to flow turbulence in the duct , and if the 
outlets to the cockpit are unmuffled, they can radiate compressor and duct 
turbulence noise with very littl e attenuation. 

Total sound pressure l evel in the cockpit has been measured at approximately 
100 db. Efforts have been made to reduce this to a satisfactory l evel by 
silencing the air ducting from the ai r conditioner unit. Attenuation of the 
order of 20 db has b een obtained during gr ound t esting. This is considered 
to be a satisfactory sound environment. 

5. 1. 3 EFFECT OF NOISE 

Figure 10 shows the estimated results of various sound pressure leve ls and 
~uggested protection requirements. 
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5. 1. 3. 1 Effect on Personne l 

Personnel dir ectly exposed for relatively long periods to the ~RROW 's noise 
fie ld , will requir e protection against hearing loss. The maximum ~ound_ 
level to whic h unprotected personnel should be exposed for long periods 1s 
ll 0 db; no one should repeatedly approach closer to the ARROW than 3_00 

f t • f nt or 12 00 feet to the r ear quarter. The present rear cockpit ee 1n r o . . . 
sound pressure l evels are being reduced to protect the crew du~1n~ t~xn~g 
and at take-off. After take- off, the inte rnal noise from the engine s Jet 1s 
negligible; the chief source becomes the air conditioning unit, with some 
c ontribution from boundary layer and shock wave effects. 

The noise level on the ground from a flying aircraft has been estimated for 
various speeds and altitudes (Reference Fi gure 11) . The resulti n g no_i:e 
level inside a building may be attenuated by 40 db under the best conditions 
(i. e. heavy wall with double and sealed openings). 

5. 1. 3. 2 Effect on Equipment 

Because of the delicate nature of its components , ele ctronic equipment is 
prone to failure from acute vibration. Grids and filam ents may resonate, 
causing the tube characteristics to become altered a nd finally end in physi­
cal fatigue and failure. Few design recommendations are available, but it 
has been found that subminiature vacuum tubes have been unaffected by 140 
db at 10 kc. Where electronic equipment contains components whose n atural 
frequency of vibration lies within the frequency range of the nois e e n viron ­
ment, difficulties may arise. 

Isolation from structure vibration is also necessary for subminiature tubes; 
maximum allowable acceleration for some tubes decreases from 10 g at 
100 cps to 1. 0 g at 350 cps. Relays and other fine-clearance equipment will 
also fail under conditions of severe vibration. 

Assuming a wall attenuation of 20 db, the maximum noise level in the elec -
tronic compartments could reach 130 db from boundary layer effect at 72 0 
knots flight speed. The effect of these noise l evels is lar gely unknown at 
the present time and will require checking under representative condition s 
to ensure effective operation of equipment. lt is planned to apply thes e noise 
considerations to AVRO 'S equipment requirements if a practicabl e approach 
can be established. 

5. 1. 3. 3 Effect on Structure 

The deflectio~s of a loaded p~nel in its response to acoustic loading , will 
produce bending stresses which oscillate ;,.bout the exis ting s tati c s tre sses. 
In order to estimate fatigue life, 1t is necessary to know the stress history 
of a panel. 
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So 1. 3o 4 Jet Noise 

C alculations h ave been made which indicate the fatigue life of various co1:1 -
ponents expose d to the maximum engine jet noise . These components, v_ibra ­
ting at their natural frequencies, have a range of sound pressure levels in 
which their fatigue life is infinite. Continued exposure above these sound 
pressure levels leads to deterioration and reduced service life. T_he fre­
quenc ies and sound pressure levels for infinite life and for the e_nvironment 
of the component, can be compared to indicate the problem, as illustrated 
in Figure 12. 

5. 1. 3. 5 Boundary Layer Noise 

lt has been shown that the stresses arising from boundary layer induced 
deflections are small, and the refore the effect on typical ARROW structure 
may be ignored. 

5. 1. 3. 6 Shock Wave Noise 

An unsteady shockwave, terminating at a skin panel, w i ll cause an o scillating 
bending moment in the panel. When the freque ncy of the exciting for ce 
approaches the natural frequency of the panel, (i. e. resonance ) very severe 
stresses will result ln the case of the ARROW 's intake ramp, stresses 
arising from shock waves are mode r ate only because the natural frequency 
of the panel is above the dominant frequency of the shock-wave motion. 

5. 1. 4 PERSONNEL PROTECTION 

Crew protection is achieved by the direct muffling of the air conditione r and 
its outlets. 

Engine noise will b e negligible at all flymg spee d s. Boundary layer noise will 
be attenuated by from 40 to 75 db through insulating blanket, surrounding the 
inside of the cockpit, and the crew's headgear . Any s hockwave noise will be 
of low frequen cy and although inaudible, may introduce unpleasant vibrations 
whi c h are not easily removed. 

Ground support personnel may be protected by run-up mufflers (approx. 35 db 
attenuation) and head gear protectors (ZO - 40 db attenuation). The se a id s 
re du ce the high frequency noise but the chest-surging low frequencies still 
exist. As a result, the dang erous sound areas around the aircraft must be 
clearly marked. 

Community resp~nse to noise "."ill be based on annoyance rather than physical 
damage. The noise level for vigorous legal action is about 40 _ 50 db below 
the level for pain , i. e. about 84 db . 
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5. 2 EFFECT OF TEMPERATURE ON STIFFNESS 

• • t ' t ' • bei'ng conducted in order to determine the influence of This 1nves 1ga 10n 1s . . A w 
· f h t di'stribution on the stiffness characteristics of the RRO a non-uni orm ea . . 

wing and the resulting deformation or warping of the wing. The non-uniform 
heat distribution is largely due to the irregular pattern of "heatsinks 11

, such 
as structure and fuel tanks. A half-empty fuel tank for example, acts as a 
much greater heat sink to the lower surface of a wing than to the upper sur -
face. This results in a greater degree of expansion to the upper surface 
than to the lower, which, in turn , results in a change of shape. 

5. 3 ALTERNATOR COOLING (ARROW 1) 

A further investigation has been m ade to determine the adequacy of the alter­
nator cooling , using more recent aerodynamic information. Cases have been 
considered for both standard and hot day atmospheres. The results of the 
investigation indicate that there may be problems at conditions of high alti­
tude, and Mach numbers in excess of 1. 7 on hot days. See Figure I 3. The 
magnitude of this problem will be determined from fli ght test results. 

5. 4 FUEL TANK TEMPERATURES 

Initial estimates of the temperatur e rise in the fuel tanks, due to aerodynamic 
heating, were m a de some time ago for the ARROW 1. See section 5. 2. 2, 
F uel Temperatures Quarter ly R eport December / 57 . Since the geometry of 
the tanks and the sloshing of the fuel m akes the problem difficult to solve 
accurately, an extrem e type of mission was analyzed to provide a conserv­
ative answer . The maximum fuel temperature expected in the co Hector tank 
is 140°F. Fue l in the fuselage tanks remains cooler, heating up very slowly, 
while the fuel in the most exposed wing t anks may rise to 180°F. 

As more d etailed information has become avai l ab l e on the types of high speed 
missions likely to be flown, new estimate s have been m ade which indica te 
that for the normal type of mission, maximum fuel temperatu res will b e 
approximate ly 25 to 50°F below the conservati ve estimates . This re du ction 
is attributed to the fact that mo st missions wi ll probably include a ce rtain 
amount of subsonic crui s ing, which cools the fuel rapidly. In the extreme 
type of mission considered, a minimum of s ub soni c cruise was allowed for. 

The high temperature estimat es are used for t he desi gn of the fuel system, 
where high temperatures are critical , since the extreme mi ssion is a pos s ­
ibility. The lower temperatures, on the other hand, are the m o r e c riti c al 
from the stressing point of ,· • l · · t 

' iew since arge temperatur e d · fre" !nce s be ween 
fuel and structure may result in large str esses. 

5. 5 TERMINOLOGY 

Airborne sound is pressure var iation in normal 
a tmospheric pressur e . The 
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variation in pressure i s measured in terms of micro bars. A microbar is 
equal to a pressure of one Dyne/square centimeter, or approximately one ­
millionth of normal atmospheric pressure. The starting point in the scale 
of noise leve.ls is taken as 0. 0002 microbars, also referred to as 11 0 decibals". 
This is the sound pressure level of the weakest sound that can be heard by 
a person with very good hearing, under quiet conditions. A one decibal 
increase in sound intensity corresponds to a 1. 259 increase in energy. It is 
convenient to use the decibel scale to express the ratio between any two 
sound pressure levels (SPL). 

Then : SPL = 20 log
10 

P db 
0. 0002 

When P = rms of sound pressure in microbars, 
and 0 decibels = 0. 0002 microbars. 
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6. 0 A ER OE L ASTICIT Y 

6. l THE AEROELAST IC CLEARANCE PROGRAM FOR THE ARROW 

T he ae r oe l astic clear anc e prog r am has its origin in the first stages of d e sign. 
Sin ce t h at time , t h e p r ogra m h a s been a continuous proc e ss of theoretic a l 
a nd exp eriment al inve stiga t ion t o c l ear t h e ae roelast ic b ehaviour of the air­
craft over the e n ti r e envelope. Although all the unknowns related to the 
a eroe lastic pr oblem cannot b e solved pr i or to first flight, the investig a ti ons 
up t o t h at time will indicate the fl i gh t enve lope area which may be flown 
with safety. T h is area then becomes the basis for the furthe r investi gation 
of the remaining u n known s. It is the continuity of the pro gram that ensur es 
that all the a erodynamic a nd s t ructural con s iderat ions , for the control of 
the vari ous aeroela s tic effects , have b e en inc orporated in the design at the 
most suitable t imes. 

6. l, l SEQ UENCE O F INVESTIGA TIONS 

The first requirement was t o develop an a c curat e method of c a lculating the 
flutter derivative s of a delta wing. This was followe d by an a nalysi s of the 
dynamic landing loads. 

The aeroelastic work p r oper was started in 1954, with a s tudy of t h e aile ron 
reversal problem. With the resulting evaluation of win g stiffn e s s, a pr e -
liminary calculation of the wing vibration modes was m a d e and a s imple 
s trip theory flutter check conducted. The elastic effects o n stab ility d eriva ­
t ives were then calculated. By the end of the year, stiffn ess, vib r ation and 
flutter work w as begun on the vertical tail 

As the s tructural design procee d ed, more accurate s tiffne s s calculations 
became availabl e and, together with improved estimates of p ressur e d is ­
tributions, were constantly fed into the continuing revision of t h e stability 
derivatives. The large stiffness influence coefficient matrices a l so allowe d 
the proper calculation o f the aircraft vibration mod es to proceed , prepar ing 
the way for the large scale wing flutter clearance. The flutter analysis o f 
the vertical tail was completed by the end of the year . 

Subsonic wing flutter analyses were comp leted by early 1956, but d ue to s ome 
conflicting results, and on t h e advice of WAD C, a low s p ee d flutter model 
program was started. Supersonic flutter analyses were also started, wit h a 
survey of contr o l surface buzz tendencies. Subsonic tunnel testing was 
delayed by the partial destruction of the model while being tested. 

The low speed model work was expand ed in 1957 and approximately six weeks 
tunnel t ime was used before the program was completed with the d estruction 
o.£ the model. Supersonic flu ... te r analyses were completed on the wing and tail. 
To r ound out the experimental program, a l ow budget, transonic , wi ng flutter 
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te st was carried out at MIT . Work on the special non-classical component 
of this test program has been the development of improved aerodynamic 
theories. This work is currently proceeding. 

6. 1. 2 AILERON REVERSAL STUDY 

To establish an adequate aileron reversal speed, the structure was analyzed 
as swept box beams. A six-point antisymmetric load distribution matrix was 
d eve loped to calculate the loading due to roll and twist. Rational distributions 
were used for the aileron loadings. Several different configurations were 
examined in order to determine the advantage of each. From the reversal 
aspect, the moving tip was best, although presenting many problems for other 
reasons . Of the flap type controls, the conventional outer wing type proved 
to be the most suitable desi gn. The inboard types were eliminated because 
of the excessive torques they developed over the inner wing. As the design 
progressed, it became apparent that the provision of adequate stiffness in 
a 3% s ection w ould be inefficient. As a result, the section was increased 
to 3 1/2%. Based on the results of the ground resonance test , the outer 
wing torsional stiffness estimate appears to have been somewhat conserva­
tive . The aileron reversal speed, therefor e, may be expected to be higher 
than that calc ulated. 

On an a irc raft of the tai lless delta type, reversed elevators, as such, cannot 
occ ur , as there is no fixed frame of reference . The twisted win g, may always 
be adJusted to give a constant l ife, and this approach was adopted. The 
ae roelastic correction to e levator effectivenes s was expressed as a sh ift of 
elevator C. P . at a constant lift. 

The aeroelastic corrections to the r udder derivatives were calculated in a 
conventional way. A six point spanwise distribution matrix for fin loads was 
developed and modified to a gree w ith re sults of wind tunnel tests . The cor­
rections were presented as loss of side force and shift of C. P. 

6. 1. 3 WING AND TAIL STABILITY CORRECTIONS 

The six-point span loading matrix method was used for correcting the wing and 
tail stability derivatives. Corrections were expressed as a change in the shape 
of the l ift curve and a shift in the aerodynamic centre . The beam type struc _ 
t ural treatment was retained for both wing and tail. When more advanced 
structural and aerodynamic treatment became available, specific calculations 
condu cted to provide detailed loadings for stress purposes, showed excellent 
a g reement w ith the more simplified approach. 

To modify the fin corrections, an atte mpt was made to design an aero­
isoclinic_ structure'. i. e., one whose s tiffness distribution forces bending 
~nd_ torston deflectLOns to _work against each other to allow no change in 
rnc1dence und er load . Whtle a completely isoclinic structure was not possible, 

J 

J 

] 

J 

J 

J 
J 

J 

1 

l 



AVRO AIRCRAFT l/M/TEO 
--~------------------------ AV RO ARROW 

J 

J 

J 
] 

J 

J 

J 
J 

J 
J 

J 

l 

such measur es as we r e t aken undoubte dly save d c onside r a ble w e ight ove r a 
11 brute for c e II a pproac h t o a chi eve the same o ve r a ll r e sult. 

6. 1. 4 F LUTTER STUDY 

6. 1. 4. l F in and R u dder 

The theoretical a pproach t o the fin flu tter ana lysis was based on the c o ncept 
of the fin as a s wept b eam. The structure w a s analy z e d a nd v ibr a tion mo d e s 
calculated on this basis. The r e i s a cho ice of aerodynamic flutter the or ies 
for a surface of this shape. T he first use s str eamwi s e stri ps and conventiona l 
flut ter d erivatives, but requires an aspect ratio c orr ection and a co r r ection 
for the chord lines camber. The secon d s p lits the flow into c omp o nents a long 
and normal to the e lastic axis and this avoids cambe r and aspect ratio c or -
rections fo r the normal components. It do e s however , r e quir e a dditi ona l 
derivative s to take t h e spanwise component into a c c ount, The s ec ond m e thod 
was chosen for the A RR OW fin, although as a check, the strea m flow m e tho d 
was trii,d for the fin flutter case, with excellent a gr eem ent with c omponent 
flow. 

Three degrees of fin free dom were included in the a n a lysis, togethe r with the 
rudder fundamental mo d e. A wide range or rudde r fre que n c i es we re covered 
t o establish the stiffness requ ired of the control circu it for flutter pr evention. 
T he results showed that flutter should be no p roblem on the fin, p r o v iding t h e 
rudder frequenc y was kept to twice the fundamenta l bend ing fr e q uen cy. T he 
streamwise strip method was used for the supersonic analy s is, and no flutter 
speeds were foun d 

The low speed model program demonstrated that , excep t for ve r y low r u dder 
frequencies, the calculati ons were conservative. A very high margin was 
obtained and the flutter point agree d well with NAC A data on similar p lan ­
forms. In view of the high margin, it was conside r ed worth while to proceed 
wit h a transonic model program. 

The ground resonance test confirmed the fin vibrati on characteristics, b u t 
brought to light a new mode, rudder torsion, which was s trong ly coup led with 
the fin torsion mode. When this mode was includ e d in the calculations, a 
flutter l oop was obtained at low speed. However, when the t h eory was 
adjusted to give better agreement with the test d ata, the fl utter loop was 
suppresse d . The mo d el was modified to provide this mode, and rete s te d , 
showing that although there was a margin of low damping , no instabilit y 
existed. 

6. 1. 4. 2 Wing 

F lutter work on the wing was started by treating the wing structurally, as a 
cantilever beam. Vibration modes were calculate d using the early beam 
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structural analysis. A conventional flutter analysis was performed, using 
two dimensional theory. The results were encouraging, but were considered 
to be optimistic due to the tendency of strip theory to underest imate the loads 
over the . outer wing, where the model slopes are more important. The three 
dimens i onal theory mentioned earlier, proved very difficult t o put into num­
erical form and approximately a year was spent in formulating the derivatives 
for use in a flutter calculation. As a plate type structural analysis became 
available for vibration calculations, the modes were calculated for the com­
plete aircraft, as no rational attempt can be made to separate wing and fuse -
lage in an aircraft of this type. Cantilever modes were also calculated to 
compare with previous work. 

Large scale flutter work, on both free aircraft and cantilever modes followed 
two approaches. Strip theory calculations were maintained with modifications 
fo r span loading effects. In addition, the three dimensional theory was used. 
Results showed the three theories to give widely varying results. Compared 
wit h the results of model tests for the cantilever case, the theories ranged 
from 2 6 % conservative t o 22% unconservative. The best agre e ment was 
obtained with the modified strip theory at 6% conservative. However, both 
no rmal strip theory a nd the surface theory predicted a gentle approach to 
flutter and low subcr itical damp i ng, while the modified strip theory predicted 
high subcr itical damp ing and a sharp flutter speed. The model showed a l ow 
subcritical damping and a mild onset of flutter. Five degrees of freedom plus 
controls were considered in the calculations for the canti lever case, but only 
the first and second modes had any significanc e 

Calculations involving the complete aircraft in the symmetri c case involved 
six degrees of freedom plus controls. As the vibration modes were free body 
modes, the pitch and translation freedoms w ere not included in the flutter 
analysis. The same three theories were used as i n the cantilever case . The 
results here did not show such a spread with conventional strip theory; only 
3% conservat ive and the othe r t he ories about 24% unconservative compared 
to tests. The strip theory also showed t h e low damping and mild flutter 
onset that was, in fact, obtained. 

Supersonic calculat ions were performed using two dimens i onal strip theory 
w ith the derivatives adjuste d to give a constant reduced frequency across the 
wing. No Mach number alterati on was made because of sweep. Comparison 
with tests showed the r e sults to b e about 15% conservative over the t ransonic 
regime in the cantilever ca s e and to be very clos e for the complete aircraft. 

The conclusion to be drawn fr om the se results i s that a conventional strip 
t heory analyses, using two dimensional derivatives , h a s provided the best 
flutter picture. This the o ry is propounded in the literatur e to be about 15% 
conservative on spe e d and our experierc e would s eem to bear this out. 

It also appears from this work that the aircraft's flutt e r speed is dep endent 
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on the fuselage bending and torsional stiffness . (See ~aragraph 6._ 2). The 
fuselage bending mode gives the wing an apparent torsion mode which becomes 
the flutter mode. Thus, the wing torsional stiffness plays a secondary role 
in the flutter picture. It remains to be established whether local buckling at 
high stress levels will effectively reduce the stiffness and bring out a flutter 
condition at high g. 

6. 1. 5 CONTROL SURFACE BUZZ 

In addition to the types of flutter described above, there are other phenomena 
that fall under the heading of non classical. The first of these is control 
surface buzz. 

Two types of control surface buzz exist. The first is a shockwave-boundary 
layer interaction problem which occurs at a speed slightly higher than the 
wing or tail critical Mach number. An oscillation arises from the shock 
waves jumping back and forth across the control surface hinge line. This 
problem is dependent on the shape of the pressure distribution over the con­
trol, and so is influenced by trailing edge angle and by flight manoeuvres. 
It is completely unpr e dictable, but seldom dangerous . 

The other typ e of buzz arises from the reversal of sign at low supersonic 
speeds and reduced frequencies of the control damping derivative chi 
This gives what might be called single degree of freedom flutter. Calcula­
tions for the thr ee ARROW controls showed that all should suffer from this 
trouble. However, when the other wing and tail modes were introduced into 
the calculati on, flutter was suppressed, undoubtedly because of the large 
amount of damping arising from bending modes. As a precaution, however, 
provision was made in the design for buzz dampers to be fitted to all con­
trols. 

Another potential flutter condition arises from interaction between the 
structure and the high performance autopilot and fire control system. The 
accelerometer and gyro servos of the autopilot may sense airframe vibra­
tions as well as rigid body motion. When the mode frequencies are within 
the range of the system a potential instability exists as the loop is closed 
through several paths in addition to the aircraft rigid body reaction. As 
frequencies and mode shapes alter with speed and Mach number, provision 
must be made in the system design to cope with these false signals . 

This latter problem is the primary flutter analyses problem which remains 
to be investigate d. In this connection, it is not enough to predict a flutter 
speed, rather, the subcntical frequency and phase changes become para­
mount. Thus the, e ffort is going into the preparation of theories which pro­
vide better agreement with wind tunnel ;3.r.d flight results. Substantial pro­
gress has already been made, and this work will be mor e fully reported as 
it becomes available. 
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6. 2 REVISIONS OF WING INFLUENCE COEFFICIENTS 

As reported in the D ecember 1957 issue of the Quarterly Technical R e port, 
(section 6. 3, Ground Resonance Tests) the stiffness values for the fuselage 
and wing, particularly in torsion, were shown to be higher than w a s orig­
inally estimated. In order to obtain agreement between test result and theory, 
the stiffne ss values of these portions, including the leading e dge in chord-
wise b e nding, have b een reviewed. 

The previously low leading edge stiffness values are attributable to the 
greater effectiveness of a thicker skin and the addition of thr ee stringers, 
since the or iginal estimates were made 

The outer wing bending and torsional stiffness appears to be low sinc e they 
were computed for use under conditions of restricted skin effectiveness in 
the control box region. The ground resonance t e sts, however, were made 
under a one g load condition, during which the skin in this a rea is fully 
effective. 

The fuselage stiffness values were originally based on values for the fuse­
lage frames bending out of the " U" shapes. It has be en found that these 
fram es are quite flexible in this form of deformation and hence the fuse lage 
became fl exible whe n the frames resisted torque. The pre sent approach 
reacts fuselage torque by a shear flow in the outer skins of the fuselage . 
This method assumes the skin to be fully effective, (i. e. no buckle) 
resulting in a muc h higher stiffness v alue. The revised stiffness values 
will be checked in the theoretical ground resonance calculations b y com ­
parison to test results. If shown to be suitable , they will be used in 
revised flutter calculations. R e f. P /STRESS/X7 /1060/8A2 7. D e c e mbe r 
1957. 
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7 . 0 ELECTRONIC SYSTEM 

The ASTRA I electronic system for the ARROW 2 is being designed and 
developed by RCA . Certain supporting aspects of the system and associated 
s t udies are AVRO's responsibility and these aspects are discussed in this 
report . ASTRA I system progress is adequately reported by RCA. 

7 . 1 SYSTEM APPLICABILITY 

The electroni c systems contemplated for the 37 aircraft program are in vary­
i ng stages of development. The aircraft to which the different systems are 
a pplicable are as follows : 

Airc r aft 

2 520 1 t o 2 5203 inclusive 

2 52 04 and 2 52 05 

2 5206 to 25 208 i nclusive 

2 52 09 

25210 

2 521 1 

25212 t o 2 521 5 i nclus ive 

2 52 16 and 2 52 1 7 

2 5218 and 2 5219 

2522 0 t o 252 2 5 i nclusive 

25216 t o 2 5237 i nclusive 

7. 1. 1 INTERIM ELE CTRONIC SYSTEM 

Electronic System 

Interirn electronic system 

Developmental ASTRA I 

Partial ASTRA I 

Developmental ASTRA I 

Development al or Pre-production 
ASTRA I 

Partial ASTRA 

Pre-product ion ASTRA I 

Part ial ASTRA 

Pre -production AST RA I 

Partial ASTRA 

Pre - product ion ASTRA I 

The i nte rim e lectroni c syst em provides communication, navigation and IFF 
equipme n t n e cessary for operatin g the aircraft duri ng its deve lopment . It 
also includes features to enab le the ARROW 1 to be used fo r the e v aluat ion of 
telecommuni c a t ion ant ennas . 
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7. 1. 2 PARTIAL AST RA 

The Partial ASTRA system includes the minimum necessary communication, 
navigation, IFF, flight instruments and air data equipment required to fly t_he 
aircraft during the research and development parts of the program, for whtch 
complete systems are not essential. 

7. 1. 3 DEVELOPMENTAL ASTRA I SYSTEM 

The developmental ASTRA I system includes all the telecommunication, 
navigation, fire control and automatic flight control for the ARROW 2. The 
developmental and preproduction systems are both complete AST RA I sys -
terns. Variations from system to system will occur as the result of the 
normal course of development . 

7. 2 INSTALLATION DESIGN 

7 . 2. 1 ARROW 1 

The ASTRA I developmental vehicles (aircraft No. 25204 and 25205), will be 
temporarily equipped with the interim electronic system for early flights. 
Subsequently, the interim system will be removed and replaced with ASTRA I 
for the development flight test program. The program proposal for these two 
aircraft is presently under revision to comply with latest requirements . 

Internal wiring schematics of ASTRA equipment for aircraft 25204 and 25205 
are not yet ava ilable to AVRO, but 85% of the point-to - point wiring informa­
tion has been received . 35% of the information required for instrumentation 
i s still outstanding. Layout of the aircraft cabling is in work for these two 
aircraft . 

Unless complete ASTRA and instrumentation wiring information is received 
from RCA by early May 1958, the completion of the modified aircraft may be 
delayed accordingly . 

Installation desi g n for aircraft 25201, 2 and 3 is complete, with the exception 
of: 

(a) 

(b) 

Mod ifications to the damping system wiring due to relocation cif the 
parallel servos and feel units. 

Revisions to the qc actuator system 

(c) Installation of the g limiter. 

( d) Installation of the automatic antenna selector. 
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7 . 2. 2 ARROW 2 

Wirin g information fo r Partial ASTRA is virtually complete and product i on 
dra w ings for aircraft cabling have now been released . A number of accumu­
late d modifications will be incorporated as soo n as possible . Partial ASTRA 
system requirements for the research and development program were not 
in cluded in t he orig inal RCA s tatement of wo r k . These are presently being 
negotia t ed . 

Full ASTRA I system requirements for ARROW 2 are now being investigated. 
It is expected t hat t hese w ill be an extension of the requirements for aircraft 
2 5204 and 5 but the sit uation has not y et been clarified. 

7 . 3 RADOME 

7 . 3. 1 SCOPE OF RADOME PROGRAM 

A VRO has sub - c ontracted the design and cons t ruction of the radome to the 
Brunswi ck - Balke-Colle nde r Company of Canada Limited (B. B . C . ). Under 
the terms of t he present contract, two deve l opmental radomes, f ully qualified 
t o spe cification A VROCAN E-4 l l , are b eing produced fo r the ASTRA I 
development vehicles, aircraft 25204 and 2 52 05. 

7. 3. 2 STATUS OF RADOME PROGRAM 

D uring t h i s repo rt ing per iod , decis ive efforts have b een made to finally 
establish the electrical requirement s of the radome . The elect rical per ­
fo r mance or i ginally spe cifie d was considered unrealist ic by t h e radome 
manufactu r er and some relaxation of the specificati on was necessary. It 
was realized that a comprom ise woul d have t o be accepted to achieve an 
optimum design for both linear and circular polarizations with in the avail­
able t {me scale . Following d isc uss ions with RCA, the requirement s for 
boresight accuracy and transmission efficiency have been s tated, and AVRO 
is curre ntly revis ing t he spec ification accordingl y. 

The t ransmission study for solid wall c onstruction has been complete d . As 
a result it has bee n decided to use a wall t hickness tapered along the longi­
tud inal axis of the rad ome . Computations have indicated that the tape red wall 
w ill have an average power transmission 3% to 5% better than the unifo rm 
t h ickness wall. This will provide a very slight increase in radar range. 
Un iform wall thickness will b e ret ained for any give n radome stat i on, as the 
requi rement for variable polarization precludes the use of circumferential 
t aper to favour linear polarizations. 

The AVRO digital computer simulation of radome errors has been modified 
to handle the improved radome contour and the tap ered wall . The computed 
range of boresight er r or wa s very small , (1-2 m ils) . However, previous 
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experience indicates that the actual errors will be gre_ater b~ a factor or 3_ 
or 4 mils than tho se predicted by computation. Bores1ght shifts of 4 - 8 mils 
before correction, are expected when the radome is built and tested. 

The design and computation of the radome was originally based on ~akelite 
BRSQ 142 • However this material is no longer available and Company resin. . 

the us e of alternative resins is being investigated. 

The radomes currently being developed for aircraft 25204 and 2 5205 repre­
sent the present state of the art and will probably define _the :'adome fo:' _use 
with the preproduction ASTRA I system . AVRO is cons1d~rmg an a~d1t1onal 
development program if it should not prove possible to achieve a satisfactory 
res ult . 

Radomes for testing and electrical correction are expected to be available 
by mid-1958. Two fully qualified radomes for aircraft 25204 and 25205 will 
be delivered to A VRO in December 1958. 

7. 3. 3 SIMULATION OF RADOME ERRORS 

AVRO has programmed a digital computer to assess percent transmission, 
boresight error and error slope of given radome designs. Radome errors 
predict ed in this manner are not considered representative of practical 
measurements , but they are useful in providing an indication of performance 
trends. Results of this study are being transmitted to the radome manu ­
facturer to assist in the electrical correction program. 

The computing program is designed to produce far-field patterns for the 
radar antenna . Percent transmission through the radome is calculated by 
comparison of the field strength intensities with and without the effect of the 
radorne . Displacement of the antenna pattern in the far-field provides an 
indication of the bores ight error. 

The program has been modified for the improved radome contour, and pre­
dictions of boresight error and transmission have been obtained for both the 
uniform and the tapered wall constr uctions. The results are not yet fully 
analyzed but the overall range of boresight error did not exceed 2 mils for 
linear and circular polarization. Transmission through the tapered wall 
showed a ver y small increase (approximately 1%) over the uniform wall. 
Since the results of this study are based on a purely theoretical approach to 
the problem,they cannot be taken as indicative of the performance to be 
expec t ed from the actual radome, but they provide a basis for the correc­
tion program. Simulation precludes the effects of variations in electrical 
performance due to manufacturing tolerances and techniques . Therefore 
the results obtained by this method are more favourable than can be expec­
ted from tests on the actual radome. 
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7 . 3 . 4 TRANSMISSION STUDIES 

Power transmi ss ion studies have be e n comple ted for both un iform and vary ­
in g t h ic kness, s olid wall , r adome c onst r uc tions . From the se , the optimum 
const r uction of the r adom e wall was d e t e r m ined. 

7. 3. 4. 1 Uniform Thicknes s Wall 

C alcul a tio ns of optimum wall th ickness and average power tr a nsmi ss ion 
were complete d for both plane and cir cular polarizations . The uniform wall 
t h ic kne ss was deter mined by a ray a naly sis and from pomputations of the 
tran smi s sion and pha se de lay cha racteri st ics of a flat pane l , havin g a 
d ielectric constant o f 4. 07 . Ove r the r ange of incidence ang l e s found from 
t he ray analysis, and for the 8,80 0 m c / s to 9,40 0 m c/s fre que n cy r a n ge, the 
op timum thickness was d ete r m ine d at 0 . 350 in ch . The a vera ge p o wer trans ­
m i ssion at this thic kness was c alculated a s 89. 5% fo r plane polar iza tio n and 
9 0 . 7% for circular polar izat ion . 

7. 3. 4. 2 Varying Thic kn s s Wall 

A s imilar study to that for t h e uniform wall was completed for a varyin g 
thickness wall. An a n alysis of in cidence a n gl e s , t r ansmi s sio n a n d phas e 
delay , enabled a n op timum c onstr u ction t o b e de t e rmined. T he r e sult s o f 
t he s t udy indicated that the best constru ction fo r plane polarizatio n would 
be a wall tapered both l on gitudinally and circumfe re n tially. A wa ll thick ­
ness varying a bo ut t he circumference i. s unaccep t a b l e for c irc ular polar ­
izat· on , however , hence the op tim um const r uction i s a wa ll tap ered in the 
longit u d inal d i rection o nly. F ig ure 1 5 shows the computerd val ues of wall 
t h ickness Vs radome station for the tap ered const r u c t ion. The average 
power transmission for t his tap ered wall wa s calc ulated as 92 . 3% for plane 
polarization and 9 1 . 4 % for circ ular polarizatio n . 

7 . 3. 5 BOR ESIG H T E RRORS 

RCA ha s p roduce d in formation on p erm issibl e bore sigh t errors , to enable 
t he radom specification t o be fi nalize d . T he m a x imum allowabl e errors a n d 
error slopes have not yet been ag r eed upon w ith B. B . C . and thus it remains 
to be see n if the correction prog r am will redu ce the p resent range of p re -
d iete d errors to w i t hin acceptable l im its . (R ef. p ara. 7 . 3 . 5. l of the p revious 
quarter l y Techn ical R e port). T h e correct ion of b oresight errors 1s largely 
an emp i ri c a l process and p redictio ns serve m ainl y a s a n indi a tion of error 
trends rather than m ag n itude. 

The effect of the air data b o om , on b ore s ig h t acc u racy, is somewhat un­
certain . T he b o om w ill p robabl y giv e a reductio n in ra dome performance 
for s m a ll loo k angles. However, the res ult in g average re duction in ra dar 
ran ge is n ot exp ecte d t o e x cee d 10% for l oo k a n gl es up t o 2 5 de g rees off the 
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nose. Dele t ion of the boom from the nose location would provide a perform ­
a nce improvement of no more than 5% , or approximately 1 nautical mile in 
range. 

7. 3. 6 PHYSICAL TEST PROGRAM 

Two radomes are being fabricated by the radome sub-contractor for physical 
t esting . One w ill b e tested under environmental conditions, and the other 
under s t a ti c test conditions. The environmental program will include weather ­
ing, low a nd h i gh temperature tests, temperature shock tests, altitude cycling, 
v ib r a t ion a nd r a in erosion . The design requirements of the radome for struc­
t ura l s t rength and the structural test program have been formulated by AVRO. 
These requirements will be complied with in the sub-contractor's static test 
p r ogram. 

7 . 3. 7 ELECTRICAL TEST PROGRAM 

Elect r i cal t e sts on t he radome will be performed using California Technical 
Industries (CTI) automat i c bore sight range equipment. In this equipment, a 
m ic rowave s i gna l is tr ansm it ted a minimum distance of 130 feet and received 
b y the ASTR I rada r antenna , over which the radome is mounted, at the 
radome t es t pos it ion . The effec t of the radome on the signal received by the 
ASTRA I a nt enna i s aut oma t i cally assessed and recorded by the equipment. 

When in opera t ion, t he equipment automat ically follows and records the null 
po s ition for e v ery rad a r scanning posit ion. Separate recorders continuously 
indicat e the in - p la n e and cross -talk components of bore sight e r ror intro -
du ce d b y the r adome. Variations in scanning position are obtained by g im­
ball in g the ' radome in a zimuth and elev a t ion and rotat ing it about its own axis, 
t he t e s t a n t e n na b e ing r igidly mounted in a holding fixture . Tests are con­
ducte d at frequen cie s of 8 8 00 , 910 0 and 9400 mc/s respect ively and r a d ome 
e rr o r m ea surem e n t s m a de for ho r izontal , ver tical and cir c ular polariza tions 
of t he test a ntenna . The effect of t h e r a dome on power t r a nsm i ssion can also 
be che c ked . Powe r r eflect io n measurement s will be measur ing the v oltage 
s tanding w ave r a t io (VSWR ) of the radiating sys t em before and a fte r t he radome 
i s mount ed ov e r t he radar a n t enna. From these measurement s, the power 
r e flection coefficie n t can be c a lculat ed. Patt ern recordings w ill be taken, 
w ith and wit hout t h e radome, t o determine the ant enna pattern d i s t ortion 
caus ed by t he radome. 

7 . 4 INFRA - RED SUB-SYSTEM 

IR design a nd deve l opme nt , including procurement o f the IR dome , 'is RC A" s 
responsib ility. AVRO is d ir e c tly re s pon s ible for the associated ai r fram e 

and ins tallatio n aspects. 

It i s intended t o incorporat e IR as a re t rofit trial installat ion on a i rc r aft 25204 
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and 25205, (the ASTRA 1 system development vehicles) . lnstallation o~ t~e 
IR seeker pod on the fin, st r uctural p rovisions, system plumbing and wiring 
will be provided on aircraft 25209 and subsequent. lnst allation of the seeker 
as s embly, the nitrogen cooling system and the electronic equipment in the 
armament bay w ill be completed on all aircraft with developmental and pre­
producti on AST RA I systems . A dummy IR seeker pod will be fitt ed to air -
craft w lth Partial ASTRA, t o standardize t he ir aerodynamic characteristics 
w it h t he aircraft which have full ASTRA. Aircraft 25202 will also incorpor­
ate t he dummy pod for fin performance assessment (ref. para. 7 . 5. 6). 

Design of struct ural modifications to t he vertical fin , to facilitate retrofit 
of IR, is presently in work. The size and configuration of the seeker head 
installat ion on the fin was a gree d with RCA, and AVRO has been able to 
es t a blis h t he seeker envelope and define the structure in which it will be 
contained. RCA requirements for b oresighting the lR seeker have been 
stated . It is proposed t hat the seeker mounting shall be adjustable to per -
m it bores ighting in a z imuth, elevation and axial rotation . This will allow 
any n 1i sal ignment betwee n t he lR seeker and the fire control radar to be 
e liminate d , w ith t he exce pt ion of t hat which occurs due to fin deflect ion . 

Shapes and sizes for the electronic p ac kages have be e n agreed a nd it has 
bee n decide d to locate t hese un it s in t he armament bay roof. The nitrogen 
b ottle for t h e IR det ector cooling s ystem will be locate d in the engine bay. 
Wir,ng det ails and cooling a i r supplies for the electronic equipment are not 
expected t o present diffic ulty . 

7 . 5 ANTENNA DESIGN AND DEVELOPMEN T 

De sign and development of ARROW te lecommunication antennas is being 
conducted for AVRO by S inclai r Radio Laboratories Limited. 

7 . 5 . 1 ARROW 2 UHF BELLY ANTENNA 

Fabricat ion of the product ion protot ype of t he ARROW 2 UHF (annular slot 
type ) belly ant enna is near ing completion . Development has been delaye d in 
order t o procu re suitab le d ie lectric foam o f the correct dens ity, for use in 
t he construction of t he antenna. A new t ype of foam, with an 8 lb per cubic 
fo o t dens ity will be used and tests a re to be conducted to determine its 
res i s t ance to moisture absorbtion . Impedence t ests have been completed on 
t he unfoamed pro totype, but these re sults will be sli ghtly modified after 
foam i ng . The VSWR i s expected t o remain less than 2. 3 over the 225 _ 400 
mc /s frequency band, after assembly is complete. 

7. 5 . 2 MODEL PATTER N STUDIES CF-100 

A 1/ 10 scale CF - 100 model was us e d t o measure ARROW UHF fin antenna 
p a tterns in the azimuth plane. These patterns were compared with actua l 
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in-flight measurements to establish the mode l range technique for ARROW 
antenna evaluat i on. Principal plane and conical cut patterns for the UHF fin 
a n t enna, at 1, 2 and 3 degrees below the horizontal, were completed at fre­
quencies of 226. 8, 324. 3 and 384 . 3 mc/s. Gross polarization patterns were 
also measured, at the same frequencies, for the principal planes. The cross 
polarized power radiated by the antenna was 3 to 6 db less than the maximum 
radia ted power , measured on the diagonals of the aircraft's azimuth plane. 

7 . 5. 3 MODEL PATTERN STUDIES - ARROW 

A 0. 07 scale ARROW wind tunnel model is in use for pattern studies of the 
UHF ant ennas. 

7 . 5. 4 UHF BELLY ANTENNA 

Test patte r n measurements were taken for the UHF belly antenna, with and 
w ith out the vertical fin installed on the model. Measurements made at a 
frequency of 324. 3 mc/s indicate that there is very little change in the antenna 
p a tte r ns when the fin is removed. 

T h e effec t of the external fuel tank on the antenna was also assessed. Prin­
cipal s plane pattern measurements were recorded for the clean aircraft and 
w ith the f uel t ank installed. Both principal plane patterns and cross polar­
tz at i o n patterns were measured at a frequency of 324. 3 mc/s . Results show 
t h at t he ant enna pattern forward, both on the horizon and below the aircraft 
i s virtually unchanged by the pressure of the fuel tank. The tank shielding 
c ause s t h e ga in on the aft horizon to be decreased by approximately 7 db. 
Thi s is n ot a critical area however and communication should not be seriously 
a ffect ed by t he presence of the drop tank. 

C o n ical cut p a t t ern measurements have been completed for the belly antenna 
on a clean a ircraft, at a frequency of 324 . 3 mc/s. 

7 . 5. 5 UHF FIN ANTENNA 

Pr incipal plane pattern measurements have been taken for the UHF fin cap 
a n te n na , at frequencies of 226. 8, 324. 3 and 384. 5 mc/s. Cross polarization 
patterns were also measured. Patterns were measured with and without 
t he i nfra - red seeker installed on the vertical fin . Comparison of the results 
showed t hat the effect of the IR seeker is to decrease the gain in the forward 
dire ction by about 1. 5 db. These tests indicate that the IR seeker will not 
degrade t he p erformance of the UHF fin antenna to any appreciable extent. 

7 . 5. 6 ANTENNA EVALUATION PROGRAM 

The object of the antenna evaluation program is to verify that model antenna 
r a nge p atte r ns are essentially the same {within ± 1 db) as those obtained in 
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actual fl i ght. Whe n the validity of the t equnique has been established o; a 
CF-1 00, fu::.- t her single plane measurements will be made on ~he ARRO l, 
and the result s compared with ARROW model patterns to verify model 
results fo r full antenna coverage. 

T h e fl igh t t es t procedure will include pattern range meas~rements on three 
UHF frequencies and two L - band frequencies. Checks wt~l be made to 
e s ~a b l i sh repeat a b ili t y accur a c y within± 1 db. A dummy infra-red seeker. 
p o d i s t o b e inst all ed on the ARROW 1 for assessment of its effect on the fin 
a n t enna. 

CF - 100 ant enna evalua tion t est flights began in late 1957, using aircraft 
181 86 , as reported in the p r evious Quarterly Technical Report. However, 
aft e r a t ota l of fi ve flight s, these tests were discontinued until Spring 1958. 
The p rog r a m will be resumed short ly , and it i s hoped to present some con­
c lusiv e r e s ult s in the next report. 

7. 5 . 7 AUTOMATIC SELECTION OF UHF A N TENNA 

Pr ior to t he incorpo ration of data link, when antenna multiplexing will be 
n ecessary, an aut omat ic me t hod of UHF ant enna select ion is desirab le to 
acrieve omni d ire ctional cove r age . 

~ has b e~ n de cide d t o conduct trial in stallations of t he Autonetics antenna 
s elec t or de s c r ibe d in t he previous Qua r terly Technical Repo r t, on aircraft 
2 52 01 , 2 32 02 and 2 52 03. Th e a nt enna -in - use indica t o r light s will not be 
e mploye d, b u t othe r wise t h e inst all at ion will operate as describ ed . The 
p ilot

1
3 selector s w it ch will be l abe lle d UPPER -AUTO - LOWER . 

7 . 5. 8 PARA L L EL UHF AN TENNAS 

P a r e llele d fin and belly UHF ant enna s have been investigated as a method of 
a chie vin g omn id i r ect iona l a ntenna c overage wit hout t he use of an antenna 
sele c.:or . Meas ur ement s of the t hree pr incip a l p l ane patt erns were made a t 
a frequen cy of 300 mc / s for severa l pha s ing condit ions. Pat te r n s for t he 
p aralle l ed a n t e nna s were compared w ith p r incipal plane reference patt erns 
t ake n fo r t he ind ivi dual a n i:ennas . The r esults showed considerable degrad­
a t!o n of a ntenna pe rfo r m a nce due to overlapping interference of the patt erns 
in all t hr e pr in cip a l p lane s. The most critical d i s t or t ion occurs in t he 
:r egio n be h ind a nd below the a ircraft . Conseq uently, it was considered 
i na dvi s ab l e t o a dopt t h is m ethod of obt ainin g full UHF coverage . 

'i. 5. 9 X - BAND ANTENNA 

The RCAF ha s r ecent l y stated a requi r e m ent for full omnidir e c t ional c over­
a ge of t h e AN / APX - 27 (X -band) IFF t r a nsponder antenna . T h e present instal ­
lation s in g l e X-b and a nt enna in t he ARROW cannot mee t t h i s r equirement. 
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One method proposed to obtain spherical coverage is to employ two antennas 
connected i n parallel. This may not be satisfactory, however, as pattern 
interference and power loss may result. A further solution would be to install 
two separate transponder units, each with its own antenna. This would pre­
sent obvious weight and space penalties. Alternatively, the present system 
might be satisfactory if interrogation were continuous throughout an attack 
sequence . 

It is evident that further study of this problem will be necessary to meet the 
spherical coverage requirement. This can be undertaken when RCAF author­
ization is received by AVRO . 
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8. O ENGINE INSTALLATION 

8 . 1 ENGINES 

8 . 1. 1 J75-P3 ENGINES lN AIRCRAFT 25201 

During a recent engine run, a foreign object entered the right-hand engine 
air in take duct, and subsequent routine inspection revealed that damage had 
been caused t o some compressor blades. The engine was removed from t h e 
a ircraft and s t ripped of its build-up items and accessories. These were re­
ass em::i l ed t o one 9f the two spare P3's available for aircraft 25201. The new 
powe r plant was inst alled in the a i rcraft, ground tested and has operated 
sati s fac tor ily in fl i ght . An RCAF decis ion is awaited on the action to be 
ta ken on t he dama ged engine. Since the P3 is a prototype engine, is is 
unlikely t hat t he damaged unit w i ll be replaced by another P3 engine. The 
in t ent ion i s to r eplace t he prototype P3 engines in aircraft 25201 with the 
p r oduct ion P5 engines at t he ea r liest possible date . 

8 . 2 ENGINE ACCESSORIES 

8. 2 . 1 NOSE BULLET - ARROW 1 

D iff ic ulty h a s b een expe rienced in removing the engine nose bullets on air­
c r aft 2 52 0 1, w ithout damagin g t he fa i ing s kins. This is due to t he stove ­
p ip nature o f the a ssembly and the snug fit which made it d i fficult to 
s e para te m ating parts . Thi s problem has been solved by providing rein­
forced h oles in t he fair ing, to permit the use of a pulling bar. 

The double - walled ant i-i c e d port ion of the nose bullet (ref 70/ENG PUB/4 
ARROW Qua r t erly Techn ical Report No . 1 section 9 . 3. 4) will be ava i lab l e 
fo r installat ion in a ir craft 25202. 

8. 3 INSTALLATION 

8. 3 . 1 WASTE FUEL DRAINS - ARROW 1 

The fuel dump lines are be ing fu r ther modified to meet Pratt & Whitney 
requ i rements and to decrease fire hazards following engine shut-down. The 
ii re h azard is caused by the high temperature of the engine and its surround ­
ing s t ruct u r e . Consequently, spilla ge of fuel in these areas must be 
a voide d . In add it ion, experience with a i rcraft 25201 has indicat ed that fuel 
should b e dumped a t some point well clear of the main landing gear. Should 
dumped fuel be carr ied b y t he wind on to the main whee ls, following hard 
b raked ':axi runs o r landi ngs, the r e is a possibility of the fuel being ignited. 
Fuel dr a ins are therefore b e ing provided t o carry the waste fuel from the 
th r ee d ra in points on each engine to an overboar d dump port, located at the 
a f t end of the engine tunnel. 
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8. 3. 2 DEMONSTRATION OF ARROW 2 ENGINE INSTALLATION 

A demonstrat ion of the ARROW 2 engine installation was held I7 February 
1958. Main points of concern to the RCAF personnel were (a) alignment of 
the floating duct with engine, and (b) accessibility to the engine relight oxy­
gen bottle. 

~ 
At a subsequent meeting between AVRO and the RCAF, the following recom-
mendations were made: 

(1) AVRO is to check the alignment prov1s10ns of the floating duct, articu­
lated portion to ensure foolproof alignment and clamping to the incom -
ing engine. 

(2) 

( 3) 

(4) 

Orenda is to be requested by AVRO to alter the position of the high 
altitude relight oxygen bottle, so that the bottle may be removed with 
the engine installed in t he airframe. 

AVRO is to provide final recommendations regarding the proposed 
new engine reoiling system . 

AVRO is to make provisions for supporting the air conditioning sys -
tern bleed duct elbow, to prevent obstruction of the tunnel to the incom­
ing engine . 

The RCAF will approve the engine installation subsequent to the receipt of the 
new o i l ing scheme recommendations from AVRO. 

8 . 4 POWER EXTRACTION 

8 . 4. l ACCESSORIES DRIVE GEAR BOX SYSTEM 

Minor modifications are being int roduced in the ARROW l and ARROW 2 sys­
tems, based on experience gained with the system installed in aircraft 2520 l. 
Since the oil in the gear box reservoir is almost colorless, difficulty has been 
experienced in reading the oil level. In order to overcome this, a magnesium 
float is being introduced in the oil level sight glass . 

Lubr i cation of the top output gearbox of the accessories drive gearbox is 
presently accomplished by grease packing . AVRO has requested the vendor 
to provide o i l jet lubrication in order to improve gear box cooling. 

Qualification testing of the ARROW 1 system is nearing completion and 
sufficient test results were available to permit first flights of aircraft 2520 I. 
Design of the ARROW 2 system is progressing, although mechanical pro­
b lems have not been entire ly resolved. 
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8. 4 . 2 CONSTANT SPEED DR IVE SYSTEM 

Th e previous Quarterly Technical Reports indicated that the General _E_lec~ 
tric constant speed drive unit for ARROW 1 did not meet AVRO _ spec1f1catLOn 
requ1remen s. 

• t AVRO has since reviewed the performance requirements of 
the unit and GE has incorporated minor modifications which have made the 
unit acceptable for installation. 

Previously reported vibration failures have been overcome by installation of 
a reinforcing sleeve which attaches to existing CSD flanges, thus increasing 
the housin g strength and rigidity against vibration. 

Sundstand's design of the ARROW 2 CSD unit is well advanced and only minor 
modifications are required to meet A VRO space requirements. 

8 . 4. 3 LUBRICATING SYSTEMS 

Th e lubricating systems provide circulation and cooling of the lubricating and 
working oil. In the ARROW 1, a single system serves the accessories drive 
gear box a.nd constant speed drive systems of each engine . In the ARROW 2, 
separate oil systems are proviced for the two power extraction system of each eng ine . 

8 . 4. 3 . 1 Oil System - ARROW 1 

A press-to-test dial ga uge has been introduced in the system to permit check­
ing of t he system oil pressure . This provision is made for the convenience 
of test personnel and to facilitate servicing and maintenance. 

Breakdown of the accessories drive gear box oil seals, with a resultant leak­
age and loss of oil, may occur with the large pressure differential existing 
be t ween the gear box and its environment. Venting the gear box to an area 
of lower pressure than that presently provided by the engine oil breather is 
being considered as a solution to the problem. 

A proposed relocat ion of the engine oil breather is presently dependent on 

further information from Pratt & Whitney regarding the permissible pressure 
differentials for the engine oil tank. A relocated breather pipe may be 
requ i red for aircraft 25201. This problem however, does not e xist with 
the PS engine installation in remaining ARROW 1 aircraft. 

8 . 4 . 3 . 2 Constant Speed Drive Oil System - ARROW 2 

An oil system independent of the engine oil system is now being used for the 
ARROW 2 constant speed drive system. An integrated oil system had been 
under development and test until recently. 
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The integrated oil system was or iginally selected to avoid the weight penalty 
and eliminate the space problem involved in the selection of an independent 
system . Recent progress in the development of the oil system, combined 
w ith more recent information regarding equipment available and oil require­
ments of t he CSD have removed any advantage previously held by the inte­
grated system over the independent system. Furthermore, the reliabili ty 
inherent in a separate system now o utwe ighs all other arguments for the 
i nteg rate d s y s tem . 

A pr eliminary schemat ic for the proposed separate CSD oil system is shown 
i n Figure 16 . Comparison w ith Figure 20 in 70/ENG PUB/4, shows that the 
ma in d ifferen ce is in the oil supply and starting pump circuit. This is due 
to combining t he oil supply tank w ith the deaerator. 

8. 4 . 3 . 3 Accessories Dr ive Gear Box Sys tem Oil System - ARROW 2 

New information recently supplied by the power transmission system vendor 
has resulted in some changes to the acc essories drive gear box oil system. 
Determinat ion of new p ipe s izes t o handle an increased oil flow and rerout ­
ing of some oil lines has been necessary . A schematic view of the system is 
shown in F igu re 17 . 

8. 4. 3 . 4 O il Systems Air Supply - ARROW 2 

The a·r supply requirement s for the accessories drive gear box and constant 
speed d r ive oil sys tems hav e recentl y been established. The air suppl y sys -
tern, shown schematically in Figure 18 p rov ides protection against cav itation 
in t he oil syste m s. 

8. 5 POWER CONTROL 

8. 5. 1 ENGINE CONTROL SYSTEM 

As note d in the previo us Quart erly T echn ical Report, minor problems have 
bee n encountered in the engine control system. Eliminat ion of bac k lash in 
the s ystem has been the main area of activity. The ARROW 2 throttle drive 
s ha ft, which is pre s entl y being redesigned, should eliminate the backlash 
prob lem experience d with ARROW 1 system . 

8. 5. 2 PERFORMANCE lNDlCATOR SYSTEM - ARROW 2 

The AVRO des igned pe r formance ind icator sys t em s implifies pr e sentation 
and d isplay of engine performance data. Mon itoring of engine performance 
data and p il ot interpretat io n of this data is provided in a single d ire c t read­
i ng ind i cator . The t heoret i cal aspect s; of t he system were discussed in 
se ctio n 5. 3 of t h e Quart erly T echnica l R e port for the period ending 3 1 
December , 19 5 7 (70/ENG PUB /5) (s ee also section 6. 6 of the Quarter l y 
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Technical Report for the period enging 30 September 1957 {70/ENG 
PUB / 4) . 

The AVROCAN specification for the proposed system has been approved by 
the R CAF, and the AiResearch Manufacturing Division of the Garrett Corp­
oration has been selected as the supplier. 
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NOTE , SYSTEM SHOWN IS FOR ONE CONSTANT SPEED DRIVE UNIT. 
TWO SUCH SYSTEMS ARE INSTALLED IN EACH AIRCRAFT. 

LEGEND, 

90% OIL, 10% AIR APPROX. 

Oil-AIR MIXTURE IN COOLING CIRCUIT 

AIR SUPPLY 

STARTING CIRCUIT 

FIG. 16 CONSTANT SPEED DRIVE SEPARATE OIL SYSTEM-ARROW 2 
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FUEL BOOSTER 

PUMP GEAR BOX 

FUEL/OIL 
HEAT EXCHANGER 
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HEAT EXCHANGER 
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.07 GPM 

/ 
SCREEN 
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TOP CORl<ER 

GEAR BOX 

INPUT 

GEAR BOX 

AIR SUPPLY---------; 
(SEE FIG . 18) 

FLOWS SHOWN ARE AT NORMAL ENGINE RPM 
AND NORMAL OPERATING FLUID TEMPERATURE 
IN U.S. GPM. 

RELIEF VALVE 
(INTERNAL TO GEAR BOX) 

2.56 GPM 
FILTER 

ENGINE SHROUD 

2.56 GPM 

LUBRICATING 
PUMP 

RELIEF VALVE 
(INTERNAL PART OF 

HEAT EXCHANGER ) 
NOTE , SYSTEM SHOWN IS FOR ONE SIDE ONLY 

AIR /OIL 
HEAT 

EXCHANGER 
- --- - - CENTRE LINE OF ENGINE 

FIG. 17 ACCESSORIES DRIVE GEAR BOX OIL SYSTEM- ARROW 2 
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9 . O E LECTRICA L SYSTEM 

9 . 1 POWER SYSTEM - ARROW l 

Barretter tubes were originally used to supply current refere n ce for the 
ARROW 1 a-c power system voltage regulation, magnetic ampli_fier circ~it . 
lt was discover e d on t he first aircraft that the se t ubes were subJect to failure 
for the following reasons : 

(a) 

(b) 

Hot spots on t he fi l ament caused a chang e in the performance character­
istics, resulting in voltage fluctuation . 

Br eaking of the filament, due to heating a nd/or vibratio n, caused loss 
of voltage regulation. 

In orde r to p revent these fail u res, 
diodes , a voltage referen ce device. 
to date w ith two units in which zener 

the t ubes have been replaced with Zener 
Sa tisfactory results have been obtained 
diodes have been installed. 

9. 2 POWER SYSTEM - ARROW 2 

As reported in the -previous Quarterly Technical Report , desi gn a lterations to 
accommodate the Westinghouse alternator and control system circuitry have 
been completed. T he Westingho us e system is adaptabl e to either a split-bus 
or a concentrated bus d-c power system, AVRO has decided to a dopt a con­
centrated bus system . T his system w ill provide greater ove rall reliability, 
altho ugh in some ways it may be s l ight l y inferior to the split-bus system as 
an indiv i dual method of d-c control and protection. 

In the split-bus system, should one TRU fail, supply to the main and emerg­
ency buses w ould be maintained by the other TR U. There would be a moment­
ary d-c power interruptwn of about 40 millisceonds however, which would 
cause the aircraft damping system to go into the emerge nc y mo de (i.e. yaw 
axis only) and in an attack, could cause l oss of lock -on. T his is obvio usly 
unacceptabl e as it would make the mission abortive. With the concentrate d 
b us system, a fai lur e of both TR U ' s would be necessa ry fo r inte r r upt ion of 
the d -c supply t o the se services. The concentrated b u s system is directly 
compatible with the p resent w ir ing of the aircraft e l ectrical system. 

9. 3 EMERGENCY POWER SYSTE M - ARROW 2 

Revision of electronic system load requirements has necessitated an increase 
in the s pecified p ower output of the emergency a - c power package. The 
requirements have now been do ubled, i. e. 1800 VA at a power factor of o. 85 _ 
O. 9. The following methods are pres ently oeing invest igated to increa s e the 
power capacity of the generators. 
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(a) A larger generator 

(b) Special winding of the existing generator, with additional control. 

A proposal is being prepared by the equipment vendor for submission to 
AVRO. 

9. 4 ELECTRICAL SUB-SYSTEMS DEVELOPMENT 

The changes to the electrical sub-systems during this reporting period are 
summarized below. More detailed description of the major modifications 
may be obtained from the paragraphs referenced in the summary. 

9 .\ ~,. 1 ARROW 1 

9.4. 1. 1 Nose Landing Gear Door Operation (Ref. para . 14. 2) 

The following alterations have been made to the nose landing gear door elec -
trical circuits: 

(a) A relay has been added to the door reclosing circuitry to prevent elec­
trical power being disconnected from the landing gear up solenoid valve, 
until all doors are locked up. 

(b) A ground servicing switch has been added to allow opening of the door 
after landing and reclosing before take-off. Circuitry has also been 
added to prevent the nose door reclosing until after engine start-up. 
The ground servicing switch is preselected to close, but the door 
remains open until either engine reaches 3020 rpm. 

(c) The nose door circuity has been altered so that electrical power is 
supplied to the door OPEN solenoid valve, when the nose gear begins 
to retract, irrespective of the position of the door-fully-open limit 

switch. 

9. 4. l. 2 Landing Gear Warning 

The landing gear UP warning flasher, which operated below 10,000 feet with 
the throttles retarded, has been deleted from the system, at the RCAF's 

request. 

9.4.1.3 Standby Compass Lighting 

The 400 cps instrument lighting supply has been deleted from the standby 
compass, as it was found to cause compass interference. An instrument post 
light has been added to the panel to illuminate the compass. 
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9 . 4 . 1 . 4 Radar Antenna Drive - Air craft 25204 and 25205 

A solenoid-operated h y draulic control valve and a limit switch have been 
added to the r ada r antenna hydraul lc control circuit . The control valve is 
ene r gize d from the main d-c bus through the contacts of the limit switch. 
When the e l ectrical system is operating in the emergency condi t ion, the 
hydra ulic control valve is de-energized, stopping the supply of hydraulic 
fluid to the ant enna drive system. Th e limit switch i s bro ken when a g round 
hydraulic supply is connected to the airc raft. This also de - energizes the 
hydraulic control valve, ens uring that the 1000 psi antenna drive system is 
not supplied w ith fluid at 4000 psi. 

Wi r ing for magnetron coo lant and antenna drive hydraulic reservoir level '­
tndi cat ion has also been adde d for these two a i rc r a ft, and for all ARROW 2 
ai rcraft . (Note : The assoc iate d equ ipment i s supplied by RCA; AVRO is 
r e sponsible for the aircraft wiring only) . 

9 . 4 . 1. 5 Whe 1 Brakes 

T he anti-spin solenoids have been deleted from the whe el brake h y draulic 
c o,,trol va lves . A nti-sp in operation of the bre ake s will now be controlled 
hydrauli cally (R ef. para . 14 . 7) . 

9 . 4 . 1 . 6 Fue l System 

Transfer pump a i r bleed solenoids with associated relays and wiring have 
bee n added to t he f ue l control system . These are ene r gized by a l o w pres _ 
sure warning signal from number 1 and number 2 fuel t ransfer pumps (Re f. 
p a ra . 1 3 . 2 ). 

9 . 4 . 1. 7 Ai r Condi tionin g 

(a) A temperature contr o l bypass shut - off valve and pilot's temperature 
control " Emergenc y off" sw it ch have been added to the s yste m (Ref. 
para . 10 . 3) . 

{b) The e lectrica lly-ope~at ed air c cnditioning system throttling valve 
upst ream of the t urbme, togethe r with its r e lated controller, sensor 
a nd con d en s er, has be e n replace d by a pne umatically modulated ty e 
va lve (Ref. para . 10 . 4 . 1). p 

9 . 4 . 1. 8 Engine RPM Indication 

W i r ing for engine RPM indic ation h a s been added for aircraft 25202 to 25205 
inc lusive . 
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9. 4. 2 ARROW 2 

9.4.2.1 DampingSystem 

A "landing gear down mode" failure warning light has been added to the 
master warning system for connection to the damping system circuitry. The 
1 ight will be illuminated if the damping system does not go into the low speed 
configuration (i. e. landing gear down mode) when the landing gear is extended. 

9. 4. 2. 2 Forward De-lcing System 

A d-c supply was originally provisioned for the windshield and canopy anti ­
icing controller. This has now been delted, since no d-c is required for 
operation of the controller being supplied to AVRO 

9.4.2.3 Engine Hydraulics 

Left and right-hand engine hydraulic low level warning lights have been added 
to the master warning system. 

9. 4. 2.4 Cockpit Instrument Lighting 

Alterations have been made to the cockpit lighting on aircraft 25212 and sub­
sequent to provide integrally lighted instruments. Aircraft 25206 to 25211 
inclusive will embody ARROW 1 type instrument post lighting. 

9.4.2.5 FuelSystem 

(a) 

(b) 

The "fuel transfer off" warning light has been deleted, together with 
the associated wiring for the manually ope.rated gate valve limit switches 
and the wiring from the master refuelling switch. The mechanical 
design of the gate valve has rendered the warning light unnecessary. 

Circuitry has been added to the ARROW 2 for the totalizer in the rear 

cockpit. 

9. 4. 2. 6 Armament Control 

Changes have been incorporated to coordinate and simplify the wiring con­
nections between RCA supplied units and AVRO circ uitr y. These changes 
are also applicable in principle to aircraft 25203. 
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10 .0 AIR CONDITIONING SYSTEM 

10 . 1 ARROW 1 AIR CONDITIONING SYSTEM 

The air conditioning system for the first three aircraft 
ally in Figure 19. The diagram is a revision of Figure 
Quarterly Technical Report, 70/ENG PUB/4 

The revisions are as follows : 

1 . Delet ion of rain repellant provisions. 

2 . Corrected representation of hot air bypass line . 

is shown schematic -
22 shown in the first 

3 . Inclusion of bleed air shut-off valves previously omitted. 

Additions and modifications discussed in the following text are indicated on 
the schematic. Theoretical circuits for the associated electrical control of 
the system are shown in Figure 20 . 

10 . 2 COCKPIT TEMPERATURE CONTROL -ARROW 1 

Cockpit temperature is controlled by regulating the quantity of hot bypass 
air mixing with the cold air from the t urbine . n the first Quarterly Tech­
n ical Report (70/ENG PUB/4) it was noted that the original electronic cir­
cuit was unstable , permitt ing lar ge fluctuations in cockpit temperature. To 
improve temperature control characteristics, the circuit was modified by 
introducing a gro up of resistors and capacitors combined into a package 
referred to as the AVRO E50 un it . The nature of these modifications was 
described in paragraph 11.2 . l.2 of 70/ENG PUB/4 . However, cockpit 
temperature cycling was still evident with the E50 un it installe d . 

Since the operat ing characteristics of the original Hamilton-St andard control 
un it are apparently incompatible with the thermal prope rties of the cockpit, 
AVRO has unde rtaken to design and develop a cont rol unit. 

An int erim workable system , using the original circ uit with the Hamilton­
Standard controller, has been obta ined b y d i sconnecting the over - temperature 
thermostat and connecting the control va lve d i re ctly to the temp erature con­
troller. The thermostat was originally provided as an automatic override of 
the hot bypass air flow, closing the bypass valve when cockpit inlet air 
temperature exceeded 240°F . Instead , the thermostat interr upted controller 
signals to the valve, thus contributing to circuit instability. This interim 
system is now being used on aircraft 25201 for in itial flights . 

The d isconnecte d thermostat in 25201 is now be ing utilized to operate a cock­
p i t warning li ght, indicating high cockpit inlet temperatures. Thus , at the 
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pilot's discretion, the recently introduced emergency hot air shut-off valve 
(see section 10. 3} may be closed. 

With the introduction of the AVRO controller, a new type of thermostat will 
be installed in the control circuit to provide automatic shut-off of the bypass 
hot air control valve, as originally intended. The emergency :Shut-off valve, 
w ill b e retained as an added precaution. 

10. 3 EMERGENCY HOT AIR SHUT-OFF - ARROW 1 

A shut-off valve has been introduced in the hot air bypass line, immediately 
downstream of the heat exchanger. The valve provides positive shut-off of 
the hot air flow to the cockpit and the equipment sections, should the auto­
matic temperature control circuits fail to function properly. 

The shut-off valve is electrically actuated through a manually operated two­
position switch. The switch is normally in the TEMP CONTROL position, 
the valve thus being open. Selection of the HEAT OFF position closes the 
valve. Power to energize the actuator is taken from the emergency d-c 
supply bus. 

10. 4 TURBINE OUTLET TEMPERATURE CONTROL - ARROW 1 

Due to the unsatisfactory operation of the turbine outlet temperature circuit, 
a pneumatic system using fully qualified components is being developed for 
installation on ARROW 1 aircraft. 

Instability in the turbine outlet temperature control circuit was reported in 
the first Quarterly Technical Report (70/ENG PUB/4). With constant tur­
bine inlet air temperature and pressure, turbine outlet temperature varied 
over considerably wider limits than the specified 20°F ± 5°F. Preliminary 
attempts to obtain a more stable control of the discharge temperature indi­
cated that the throttling valve operating characteristics were not suitably 
matched with controller characteristics. 

As an interim measure, the control circuit was modified in an attempt to 
improve the throttling valve operating characteristics. As noted in para­
graph 11. 2. 1. 3 of 70/ENG PUB/4, acceptable temperature limits were 
obtained by adjusting the internal resistance of the AiResearch control unit 
and grounding the valve CLOSE signal (from controller to valve} through 
a 10 microfarad capacitor. However, circuit instability was still evident 
at high pressure and low temperature turbine inlet conditions. 

To further improve temperature control stability, modification of the valve 
was undertaken. The non-linear relationship of valve angle to the time dur­
ation of the opening signal was considered a contributing factor to circuit 
instability. To obtain linear opening characteristics, a differential linkage 
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was intrwu.:c:ed between the electrical actuator and the valve butterfly . The 
extent of li~earity achieved was not enough to entirely eliminate the regions 
of instability previously experienced. Stability could only be ach_ieved_by 
increasing the gear rat io on the motor drive which then resulted rn a sLg ­
nificant lag of valve response to controller signals . 

Evidently, stable control of turbine outlet temperature cannot be achieved 
through minor modification of existing circuit components. The solution of 
the problem requires the introduction of a throttling valve with linear open ­
ing characteristics and providing the controller with some means of antici­
pating turbine inlet conditions . 

10 . 4. l PNEUMATIC CONTROL SYSTEM 

The pneumatic control system (shown schematically in Figure 21, consists 
of a pneumatic thermistor, and a pressure rate control unit. The test data 
presently available on the pressure rate control unit will be supplemented 
by tests being conducted at AiResearch and at AVRO. Early clearance of 
the unit for installation in the ARROW l is expected. 

An understanding of the manner in which the system functions to control tur­
bine outlet temperature can be best obtained by recalling how the turbine 
produces cooling and noting the effect of throttle valve opening on turbine 
discharge temperature. 

Cooling is achieved in the turbine by expanding air from a high inlet pres­
sure to a low exhaust pressure . The resultant temperature drop of the air 
passing through the turbine can be related to turb ine speed, which is in turn 
related to the pressure drop through the turbine . Thus, the higher the pres­
sure ratio a cross the turbine , the higher the turbine speed; and the higher 
the turbine speed, the greate r the temperature d rop . In terms of tempera­
ture and pressure, this may be stat ed as 

where k is the ratio of specific heats , Cp Cv, and has the value of 1. 4 for 

air . Temperatures (T) and pressures (P) are as de fine d in Figure 21 . From 
this expression for the ideal adiabatic expansion, it is evident that t u rbine 
outlet temperature (T2) can be controlled by regulating turbine in let pressure 
(P l ) . 

Regulation of turbine inlet pressure is obtained by a control valve located on 
the high pressure side of the turbine . The thrott ling effect of the valve is 
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used to vary turbine inlet pressure . Pressure on the downstream side of 
the valve butterfly is dependent on valve opening, and incre~ses as the ~alve 
opens. The change in charge air temperature in the throttlin g process 1s 

gene rally insignificant. 

Throttle valve opera!:ion is governed by a pneumatic controller which react s 
to pressure si gnals transmitted by the pne umatic temperature sensor and 
pressure rate control uni t into the butterfly opening or clo~ing signals. The 
manner in which this control is achieved is evident from Figure 21, and the 
brief description of system components given in the following paragraphs, 

The system will be adjusted to maintain turbine discharge temperatures rang ­
ing from 0 ° to 23°F over the full range of bleed air conditions. 

10. 4. l. l Pneumatic Control Valve 

The control valve consists of the valve controller, a pressure regulator and 
an electrical pilot shut-off v alve . The valve b utterfl y is contained in the air 
duct portion of the valve body. A mechanical l inkage, driven by the con­
troller diaphragm against spring pressure, controls butterfly angular posi­
tion. 

Air from the high pressure side {upstream) of the air duct is admitted to 
the controller p r essure chamber through the shut-off valve and pressure 
regulator. The regulator limit s a ir pressure in the controller to a maxi­
mum value of 15 psi g. This control pressure is red uced by the air leakage 
permitted by the pneumatic temperature sensor and pressure rate control 
un it , and acts upon the controller diaphragm, tendmg to open the valve 
butterfly, against the closing force of a return spring. Thus, in the event 
of uncontrolled l eakage from the pressure chamber, positive closing of the 
valve is ensured. 

The electrical shut -off valve is energ ized during normal ope ration of the valve 
connecting the controller wit h upstream pressure by means of internal pass­
ages. De-energi21ing the shut-off valve closes the supply port and exha usts 
the controller to atmosphere, allowing the spring fail - safe feature to close 
the valve. 

I 0. 4. I. 2 Pneumatic Te m perat ure Sensor 

A temperature sensitive rod submerged in the turbine discha rge air duct 
constitutes ~he temperat_ure sensin g device. The contraction and expansion 
of the rod with changes 1n the duct air temperature is used to control air 
bleed from an air release valve. Increase of t urbine discharge temperat u re 
temperature expands the rod, decreasing the air r elease opening and reduc _ 
ing air leakage from the valve controller . T he converse applies for decrease 
of turbine discha rge temperature. 
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10 . 4. 1. 3 Pneumatic Pressure Ratio Cont r ol Unit 

T he pres s ure rate control unit senses excessive rates of p r essure change 
downstream of the throttling valve . A rap id p ressure inc r ea s e in the sens­
in g c h a mber deflects the diaphragm to in c :- ease t he o p e n ing a t the air release 
v alve, thus decreasing the pressure si gnal f :-on1 the pneumat i c temperature 
sen so r a '1.d t e n di ng to close the valve . When the p :-essur e be in g sensed 
s tabilizes, t h e p ress ures in the two cham bers equalize an d tJ:ie valve again 
fai ls under the independent control of the pneumatic tempe :-ature sensor. 

10. 5 B LEED D UCT LEAK DETECTION - ARROW 2 

Investigat ions have been progressing to develop a r eliable system for detect­
in g leaks in the air conditioning system b le e d d uct s . L eaks could occur at 
joint s in the duct system or through fa ilu r e of a sect ion of the duct itself. In 
addition to creating an emergency s i tuati on insofar as ai r condi t ioning s y s­
te m opera t ion is concerned, excessive loss of the high temperature , high 
pre ssure ai r could seriously impair engine operati on or c r eate a fire hazard 
in the airframe. 

The routin g of the ble ed ducts is such that in ce r t ain regions it becomes diffi­
cult f or a conventional tempe rature sens ing system t o discriminate between 
r ight and left-hand duct leaks . A pressur e sensing system using double­
walled duct s is the most positive met hod of detecting leaks, but lac k of ade­
quate space throughout the length of t he bleed dud com plicat es insta ll ation 
and maintenance of the system . Consequently, a leak detect i on sys t em com­
bining press u r e sensing and tempe rat u re sensin g d e v ices i s now .be in g con ­
sidered. 

T he prop osed system, combin ing pre s s u re and t empe ·· a.t u r e s e ns ing devices, 
is shown schematically in Figure 2.2. Th e p re s s u re sens in g p a r t o f the sys­
tem would be us ed in the dorsal area whe r e the 1 ig h t a nd left -hand bleed 
ducts are close tog ether and where a te mpe rat ure s e ns ing s y s te n, would not 
b e reliable. The temperature sens in g po r-'ion of t he syste ~n w o uld be used in 
the d uct bay region where the r ight a nd l ef . - hand b l eed duct s are far enough 
a p a rt to present a leak in the left - hand duc c being de t ected by t:he r i ght - hand 
l eak detector. 

Bleed d u ct l eaks are indicated b y w arnin g l . ghts . 
redu c ing valv es to limit ble d ai r p re s s u re t o 60 
by the same warning li ghts . 

F ailure of the pressure 
psi g m2.x: 11n um is indicated 

A d o uble-wall e d duct combined wi t h a p r e ss u re s w itch con s t i tut es the pres ­
sure sensing device. The annular spa ce betwe en t he in ner a nd outer duc t is 
vented through a c ontrolled leakag e area to loca l ambien t a ir. T h e p n eu­
m at i c line t o the p ressure switch is c onnect ed d irec t ly to thi s a n n ula r space . 
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A leak in t h e bl ee d du ct inc r ea s es the p ress ur e i n t h e annular space, thus 
a c tuating t he press ure s witch to close the wa r ning l ight circ u it . 

The t emp erat u re sensing devic e is a contin u o u s wi re detector in an e l ec-• 
t ri c al cir c u it similar t o a fire warning system . Should a leak of high temp ­
er ature ai r from the b l eed d u ct occ ur, the sect ion of the detector expo s e d to 
the e s c aping air is heated to a temperat u re above local ambient. The 
r e sultant change in detecto r resistance LS sensed by the control unit whic h 
i n t urn closes the circ u it to ill um inate the warning lamp . A Fenwal con­
ti n uous w ire typ e system is being tested for this p ortion of the leak detec t ion 
syste m . A Wal ter Kidde c o n t in u o u s wire system has be e n tested b ut p rov e d 
t o be ine ffective. 

T h e m a jor objection to the Walter Kidde detector is that the tota l re s istance 
of the d e te ctor is dependent on the l ength which is heated and the t emp er ature 
t o wh ich it is heated. The characteristics of the detector redu ces it s sensi ­
tivity to local temperature increases. The Fenwal detector , h o we v er, dis­
play s mor e favo urable characteristics in this res pect . 

Comp a ri son of the resistance temperatu re charactens ti cs of the Kidd e and 
F e nwa l detectors is ill ustrated in Figure 23 . As shown, the Fenw a l d etector 
exhibits a l arge and abr upt decrease in resistance near its trip te mp e ratures . 
The cor re s pond ing trip resis tance is practically inde pendent of the l e n gth of 
de t ect or exp osed to the trip temp erat u re . On the othe r hand, the K i dde detec­
to r e xh ibits a gradu al decrease in resistance according t o an exp onential la w . 
T he K idde c u rve shown LS based on a uniform t mperatu re distr ib ution over 
the full l ength of de tector . As shown in the diag ram, to obtain a given trip 
res i s t a n ce with a shorter l ength of the same Kidde detector req u ires heating 
t o a higher temperat u re. From this, it LS evident that the Fenwal detector is 
mo re s u itabl e for this parti c ular a pplication of overheaL detection. 

T he construction of the Fenwal detector is similar t o t he Kidde detector de s­
c r ib e d in section 12. 2 . 2. 4 of the prev io u s Quarterly Technical Report (70 / 
E NG PUB /5) . The pr imary d ifference is that t he Fenwal detector has a 
s ingle wir e embedded in the core m ater ial , with the Inconnel tube serving 
as the g r o und wire . The different resistance temperat u re characteristics 
a r e due to t he u se of different core materials; the Fenwal detector u ses a 
sa l t whereas the Kidde detector uses a ceramic core ma!e ria.1. 

T he maJor drawback to continuous w Lre systems is that t he trip point temp­
e ratu re m u st be set s ubstantially higher than the maximum possible ambient 
t e mp e r atu re, if false warnings are to be p revented. 

Single po int overheat detecto rs have been considered and tested. Altho u gh 
t es ting h as shown that the single point detector gives adequate warning if 
prop er ly l ocated, the greater coverage afforded by the continuo u s wire sys­
t em was con s idered t o be a decis ive advantage. 
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A system using a tracer gas, such as Freon, in the bleed air was also 
inves t igated but discarded due to its extreme sensitivity, complexity and 

lack of adequate airborne equipment. 
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11. 0 L OW PRESSURE PNEUMATIC SYSTEM 

1 . 1 PITOT - STA TIC SYSTEM FOR THE FIRST AIRCRAFT (25201) 

In order to accommodate the p itot-static tube ins t alled on the first ARROW, 
it was necessary to join the primary a nd secondary s t a t ic p r essur e line to 
the single static pressure outlet from the pitot static tube . The normal 
arrangement (wit h sepa r ated primar y and secondary lines) will b e ins t alled 
when the appropriate pitot stati c tube becomes available . 

11 . 2 EQUIPMENT PRESSUR I ZATION SYSTEM - ARROW 

P rovis ion has been made for pressurizing the weapon pack seals as well as 
instrument pack seals . The s ystems will b e simila r fo r each installation, 
except that t h e weap on p ack seals will b e equipped with a quick disconnect 
coupling. 

The heated pitot - stat ic p o rtion of t he relative wind and air pressure sensor 
fo r aircraft 252 0 1 is not available fo r installation . The sub stitute unit 
re qui r es a pitot - heate r switch in the pilot ' s cockpit. 
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112. 0 FIRE PROTECTION SYSTE:M . 

\ 
12. 1 EXTRA FIRE PROTECTION FOR AlR RAFT 25206 

For the first flights, aircraft 25206 will b e e quippe d with extra fi re protection 
consisting of three additional fire extinguisher bottles, each containing 20 
pounds of CF2 Br2 (Freon) , charged to 400 psi. The distribution of exthlg­
uishant is shown in Figur e 24. 

For normal inflight operation of the fire protection system, employing the 
extra fire protection, it will be possible to discharge one normal supply bottle 
and one extra supply bottle into a ny one fire area. This first shot may be 
followed by a s econd shot to the same area, by the discharge of t he remain­
ing normal bottle. 

The crash switch is e l ectr ically connected to the three extra supply bottles 
as well as the two normal supply bottles. The operation of this switch initi­
ates the discharge of extinguishant to each of the two engine fire areas and 
the fuselage fire area containing fuel , e l e ctrical and hydraulic equipment. 
One normal supply bottle and one extra supply bottle discharge into the fuse­
lage fire area and the two rernaining extra supply bottles discharge to the 
two engine fire areas. The remaining normal supply bottle also discharges 
into the two engine fire areas , when the outlet solenoids are energized. 

12. 2 FIRE PROTECTION CIRCUIT CHANGES 

Several changes have been made to the fire detection and fir e extinguishing 
sub-systems for both ARROW 1 and ARROW 2 aircraft. (Reference 
Figure 25). 

A pilot-operate d crash switch has been introduced at the pilot 's request. 
Formerly, an iner t ia type crash switch was employed which would auto­
matically operate the fire extinguishing system in the event of a crash land­

ing. 

The provision for automatic closing of the eng ine low pressure cocks has 
been eliminated from the fire extinguishing circuit at the pilot's request. The 
low pressure cocks were originally included in the circuit so that when the 
fire extinguishing s y stem was operated , the low pre ssure cocks would close. 

12. 2. 2 ARROW 2 

The overheat warning system, described in paragraph 12. 3. 3 o f the previous 
Quarterly Technical R eport , has been included in the ARROW 2 fire protec­

tion system. 
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The system provides overheat warning in all three potential fire areas by 
means of three warning lights, each light operating from the continuous wire 
detector and bridge balance sensing circuit . 
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13.0 FUEL SYSTEM 

13. 1 FUEL BOOSTER PUMP 

As noted in the previous Quarterly Technical Report the fuel vaporization 
occurring at pump inlet, contributes to the low delivery rates being obtained 
with the Pesco pump. This vaporization is due to the internal shape of the 
pump housing. The vapor formation blocks some of the pump fuel passages, 
thus limiting the fuel intake area and reducing pumping capacity. Fuel vapor­
ization in the pump inlet can be eliminated by redesigning the pump housing. 
However, the cost and time involved are considered prohibitive and con­
sequently new pumps will be selected for operational ARROW 2 aircraft. 

Operation of the pump bypass has been hindered by improper operation of 
the pump check valves. Investigation revealed that the cracking pressures 
are apparently set too low. This permits air from the inoperative pump to 
enter the engine fuel feed line with subsequent loss of fuel feed pressure. 
The problem is being rectified by readjusting the check valve cracking pres­
sures. 

13. 2 FUEL TRANSFER SYSTEM 

13. 2. 1 FUSELAGE FUEL TRANSFER - ARROW 1 

The fuel transfer line from each fuselage tank contains a transfer pump in 
series with a fuel pressure regulator. A combined bypass and refuelling 
shut-off valve is arranged in parallel with the pump and regulator as shown 
in Figure 26. 

FUSELAGE TANK 

FUEL-NO-AIR VALVE 

TRANSFER PUMP PRESSURE REGULATOR 

'------~----. 
COMBINED BYPASS AND 

REFUELLING VALVE 

TO 
PROPORTIONER 

FIG. 26 SIMPLE SCHEMATIC-FUSELAGE FUEL TRANSFER-ARROW l 

Control of the bypass valve for the normal or refuelling mode, and for emerg­
ency modes where either the pump or regulator fail, is obtained by hydraulic 
servo. A bypass over-ride valve provides the necessary control of servo fuel 

pressures. 
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13. 2. I. I Transfer Pump 

f • • the transfer pump has been exper i enced during simulated Loss o prime rn . d 
mission tests on the fuel test rig. The conditon occurs during nose own 
attitudes when the fuel level in the tank is low. Occurrence of the con- . 
dition was relatively infrequent and resulted in no adverse centre of gravity 
effects. 

DIFFERENTIAL PRESSURE 
AIR RELIEF VALVE 

FROM RH 
SYSTEM 

L H FUSELAGE TANK 

AIR BLEED VALVE 

FUEL FLOW RESTRICTOR 

TRANSFER PUMP 

DIFFERENTIAL PRESSURE 
ACTUATED SWITCH 

FIG. 27 SIMPLE SCHEMATIC-TRANSFER PUMP AIR BLEED -ARROW 1 

\ 

FLAME TRAP 

PRESSURE REGULATOR 

• TO 
PROPORTIONER 

Pump repriming will be achieved by introducing a transfer pump air bleed 
valve as shown in Figure 27. Air is bled directly from the pump through a 
fuel flow restrictor and a bleed valve, and is discharged to atmosphere 
through the existing fuselage tank venting system. Loss of prime is signalled 
by fhe differential pressure-actuated switch closing the cockpit warning light 
circuit. 

At the same time, a circuit is made energizing the bleed solenoid valve to 
open. The bleed air, at a pressure higher than atmospheric ambient is thus 
conveyed to a point on the low pressure side of the air pressure relief valve, 
then discharged through the vent flame trap. When pump prime has been 
restored, the pressure-actuated switch breaks the circuit to close the bleed 
solenoid valve. Should a more serious pump failure occur, the bleed line 
restrictor will limit fuel lost overboard to a tolerable figure. 

13. 2. I. 2 Pump Bypass and Pressure Regulator 

Improper functioning of the bypass valve, its override control valve and the 
pressure regulator was reported in the previous Quarterly Technical Report. 
Since the vendor has been unable to provide an immediate solution to the 
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problem, AVRO is taking delivery of the outstanding units and will modify 
them to meet the necessary requirements. 

13. 2. 2 FUEL FLOW PROPORTIONER AND MANI FOLD - ARROW 1 

Performance of the fuel flow proport ioner in the t est ri g and on aircraft 2 5201 
has been much better than anticipated. It appears now that a system using 
the proportioner will give more s a tisfactory results th a n o r i ginally antici­
pated for the ARROW 1 flight test program. Additi onal .fuel flow proportion­
ers have been ordered, and with proportioners available for all ARROW 1 
aircraft, fuel flow minifolds will no longer be required . Endurance testing 
of the fuel flow proportioners w i ll be res umed in an effort to exte n d the use -
ful life of the unit be t we e n overha ul s to beyond the present 25 hours. 

13. 3 PRESSURIZATION AND VENTING SYSTEM 

With all tributar y tanks pressurized, collector tanks must be vented to effect 
fuel transfer. Using 19 psi air pressure in the t rib utory tanks, adequate fuel 
transfer at low alt i t udes can be achieved only be evacuat ion of the collector 
tanks. Evacuat ion i s ob t a ined b y fo r ced ejection of collector tank air. 

13. 3. 1 AIR EJECTOR 

Development and testin g of AVRO - des igned air ejectors has been in progress 
for several mont hs. The ob ject ive of the program is to obtain a unit which 
will meet the low pressure a i r flows defined by the design line shown on the 
pressure vs flow d iag r am in F ig ur e 28 . Ejec to r designs providing capabili­
ties shown by line s (1) a n d ( 2) have b een b u ilt and t es ted, and the perform­
ance indicated by line {3 ) s eems to be a tta inable . 

The a ir e Je c tor ope r ate s o n t h e s am e pr incipl e as t he steam-jet air ejector, 
except that a h i gh pre ssure air je'· is used ins t ead of a s : eam Jet to create 
suction . The hi g h pres sure air i s a dmi t ted t h ro u gh a noz zle into the suction 
chambe r Figure 29 where a l o w pr e ssure air i s e ntr ained an d d i scharged 
with the hi gh pres sur e air to atmos phere . P e rfo rmance of t he un i t is depend­
e nt on t h e des ign of the h igh p r essur e air nozzle a nd the discharge tube. 

The eje c tors now ava i l a ble for installation in A RROW 1 a ircraft are perform­
ing as shown by tes t l ine { 1) in F ig u re 2 8 . Suctio n atta inab le w ith this ejec ­
tor is low at the highe r l o w p res sure air fl ows . Modifi cat ion of this ejector 
has improved pe r forma n ce at h igh t a nk pre ssur e s b ut r es ult ed in poorer 
performance in the low p ress u re ran ge. Thi s is r ep res ent ed by test line (2) 
in Fi gur e 28. It is expected that per fo rman c e c or r esponding to test line (3) 
c an be achieve d by inc reasin g t h e high p r e ss u re air flo w i n t h e modified 
e Jector . Such a un it w o uld b e sati s factory for A RROW 2 inst allat ion. 
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13. 2. 1. 1 Transfer Pump 

Loss of prime in the transfer pump has been experienced d~ring simulated 
mission tests on the fuel test rig. The conditon occurs dunng nos e down 
attitudes when the fuel level in the tank is low. Occurrence of the con- . 
dition was relatively infrequent and resulted in no adverse centre of gravity 
effects. 

DIFFERENTIAL PRESSURE 
AIR RELIEF VALVE 

FROM RH 
SYSTEM 

AIR BLEED VALVE 

FUEL FLOW RESTRICTOR 

TRANSFER PUMP 
L H FUSELAGE TANK 

r·-..- - - ----------1------~--~--~------~----I-, : : ----------­L __ _J 

~~, ., FLAME TRAP 

PRESSURE REGULATOR 

• TO 
PROPORTIONER 

DIFFERENTIAL PRESSURE 
ACTUATED SWITCH 

FIG. 27 SIMPLE SCHEMATIC-TRANSFER PUMP AIR BLEED -ARROW 1 

Pump repriming will be achieved by introducing a transfer pump air bleed 
valve as shown in Figure 27. Air is bled directly from the pump through a 
fuel flow restrictor and a bleed valve, and is dischar ged to atmosphere 
through the existing fuselage tank venting system. Loss of prime is signalled 
by fhe differential pressure-actuated switch closing the cockpit warning light 
circuit. 

At the same time, a circuit is made energizing the ble e d solenoid valve to 
open. The bleed air, at a pressure hi gher than atmospheric ambient is thus 
conveye d to a point on the low pressure side of the air pressure relief va lve, 
then discharged through the vent flame trap. When pump prime has been 
restored, the pressure-actuated switch breaks the circuit to close the bleed 
solenoid valve. Should a more serious pump failure occur, the bleed line 
restrictor will limit fuel lost overboard to a tolerable fi gure. 

13. 2. 1. 2 Pump Bypass and Pressure Regulator 

Improper functioning of the bypass valve, its override control valve and the 
pressure regulator was reporte d in th e previous Quarterly Technical Report. 
Since the vendor has been unable to provide an immediate solution to th e 
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problem, AVRO is taking delivery of the outstanding units and will modify 
them to meet the necessary requirements. 

13.2.2 FUEL FLOW PROPORTIONER AND MANI FOLD -ARROW 1 

Performance of the fuel flow proportioner in the test rig and on aircraft 25201 
has been much better than anticipated. It a ppears now that a system using 
the proportioner will give more satisfactory res ults than originally antici­
pated for the ARROW 1 flight test program . Additi onal fuel flow proportion­
ers have been ordered, and with proportioners available for all ARROW 1 
aircraft, fuel flow minifolds will no longer be required. Endurance testing 
of the fuel flow proportioners w ill be resumed in an effort to extend the use­
ful life o f the unit between overhauls to beyond the present 25 hours. 

13. 3 PRESSURIZATION AND VENTING SYSTEM 

With all tributary tanks pressurized, collector tanks must be vented to effect 
fuel transfer. Using 19 psi air pressure in the trib utory tanks, adequate fuel 
transfer at low altitudes can be achieve d only be evacuation of the collector 
tanks. Evacuation is obtained by force d ejection of collector tank air. 

13. 3. 1 AIR EJECTOR 

Development and testing of AVRO -de signed air ejectors ha s been in progress 
for several months. The object ive of the program is to obtain a unit which 
will meet the low pressure air flows defined by the design line shown on the 
pressure vs flow diagram in Figur e 28. Ejecto r designs providing capabili­
ties shown by lines (1) and (2) have been built and tested, and the perform ­
ance indicated by l ine ( 3) seems to be attainable . 

The air eJector operat es on the same principle as the steam-jet air ejector, 
except that a high pressure air je~ is used ins tea d of a s :eam Jet to create 
suction. The high pressure air is a dmitted t h ro ugh a nozzle into the suction 
chamber Figure 29 where a low pressure a i r i s entrained and d i schar ged 
with the high pressure air to atmos phe re. Performance of t he unit is depend­
ent on the design of the h igh p res sure air nozzle and t he discharge tube. 

The ejectors now available for in s tallation in ARROW 1 aircraft are perform­
ing as shown by test line (1) in F ig ur e 28. Suction attainable with this ejec­
tor is low at the higher low pre s sure air flows. Modification of this ejector 
has improved performance at high t a nk pressures but result ed in poorer 
performance in the low pressure range. This is r epresented by test line (2) 
in Figure 28. It is expected that performan c e co rresponding to test line (3) 
can be achieved by increasing the high pressure ai r flow i n t he modified 
ejector. Such a unit would be satisfactory for ARROW 2 installation. 
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13. 3. 2 COLLE CTOR TANK AIR RELEASE - ARROW 2 

Modific ation of the collector tank ventin g system ha s be e n n e cessary to 
ac c ommodate the increas e d air releas e requirements which occur when a 
tribt1tary tank fuel-no-air valve fails to open . Flow handling capability of 
the original system was inadequate for this condition because the piping 
friction head, as determined by pipe sizes and number of pipe bends, 
restricted air flow. During su c h an eme r genc y , inadequate release of 
collecto r tank air inc reases collector tank air pressure , eliminating the 
pressure differential available for fuel transfer . It is considered essential 
that sufficie nt transfer capability be retained t o allow use of the fuel in the 
affected system during the return phase of a mission. All pipes to the air 
ej e ctor Fi gure 30 have been increased to 1 . 0 inch diameter . 

The aft outboard air r e lease valve has been repositioned inboard of rib 
No. 2. This makes it effe ctive over a wider range of aircraft attit udes, 
m a intainin g the fu e l level in the collector tank above the level at which the 
cockpit warning light is illuminated. The air release valves, as defined by 
the spe cification , are c apable o f ade quately handling the lar ger air flows 
occurring dueing the condit ion noted . 
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AVRO AIRCRAFT l/M/TEO 

14 . 0 HYDRAULIC SYSTEMS 

14 . 1 POWER SYSTEM DEVE L OPMENT 

The modificat ion of t he ARROW 2 hydr a ulic s y s t em, +o a llow t he ASTRA I 
radar antenna to b e driven f r om the util ity hydraulics power system, has 
been further studied . Consideration of system comp lexity, we i ght, re design 
and testing time, and vulnerability t o fail ure has p rompted A VRO to request 
the RCAF to reconsider this re q u · rement. 

14 . 2 NOSE LANDING GEAR DOOR OPERATION - ARROW 1 

The ARROW 1 nose gear do or i s now automatically closed, following exten ­
s ion of the land ·ng gear , to improve directional stabil"ty during approach and 
landing . Since t he inception of the do o r reclos ing scheme, the following 
changes have been introduced: 

The nose gear scissors switch nc l onger opens the nose gear doo r at touch ­
down . The electrica l c · rcuit has bee n revi sed to incorporate a ground servic ­
ing switch , lab elled OPEN - OFF - CLOSE . Thi s is selected by the ground 
crew, after the ai,craft has l anded , to open the nose gear door . The same 
switch can be used t o r e t ract the d oor before take-off, should the pilot wish 
to take - off w ith t he do o r closed . To avoid hazar d t o ground personnel, the 
door, although selecte d up by the gro und serv icing switch, will not close unti l 
after the eng ines are start ed . 

14 . 2 . 1 SEQUENCE OF OPERATION 

The operating sequenc e for the nose gear do "' r w ·u now be as follo ws : 

1. 

2 . 

3 . 

4 . 

On selection of gear DOWN, the nose gear doo r o p ens and the gear is 
extende d by the op ra:·ion of a nos d o~::- actu 'l.te d hydra ulic s e quence 
valve . 

When in the fully extended p osition 1 he gear o perates a limit sw it ch 
to s i gnal t he nose do r sele ctor valv . Thi s a llows h ydra ulic pressure 
to the up side of the no se do o r jack, t hu s clos in g t he d o o r . 

If the a i rcraft o, ersho ls w tho u c 1and".ng a land ing gear UP selection 
signals the nose do0r selector valve, allow ·ng hydra ulic p r e ss u re t o 
open the doo r . When the do 0r i,, f ully op n , a ' door f u lly open" lim it 
s w itch is t ripped , a llowing t he gear retraction sys.em to operate i n i h e 
normal mann er. 

A fter l a nd i ng and when the aircra1t has come to .. sl·, che nose door may 
b opened by n1 a n s oi the ground ;,erv,cing s w itch, located i n ' he nose 
gear bay . This should h e done whi hydraulic press u -:-- is s till 
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available , to avo i d unexpected doo r operation if pressure is a pp lied 
after tbe selection has been made. The switch will be labelled thu s: 

"To open do o r · Utility h ydraulic pressure must be available 
before switch is selected momentaril y to OPEN". 

5. When it is desired to take - off with the do o r open, the gr ound servic­
ing switch is left in the OFF pos ition and the l anding gear UP selection 
retracts the gear in the normal manner. 

6. For take-off with the do'Jr closed, the ground se rvicing switch is 
selected by ground crew to CLOSE. The switch will be labelled thus: 

"To close do o r before take - off: Pre - select swit ch to CLOSE. 
Door will close at start-up". 

When the aircraft is airborne , t he landing gear UP selection reopens 
the door. Wher. t he do o r is folly open, the limit sw itch is tripped, 
allow ing t he gear t o re t ract in the normal manner. 

7. Power is disconnected when all do o rs are closed, but is re -instated if 
a door is not fully locked in t he closed position. The nose landing gear 
indicator shows UP , only when both the gear and the door are locked 
up. 

8. Emergency extension of the landing gear i s still achieved as described 
in the previous Quarterly Technical Report. The hydraulic system 
rema ins unalte red by the above changes t o the electrical sequencing . 

14 . 3 NOSE GEAR DOOR OPERATIO N - ARROW 2 

Should flight trials p rove t be do 0 r-closing requ irement, it may be possible to 
introduce a simpler, more reliable syste1n for ARROW 2, t han the electric­
ally sequence d s y stem used in ARROW 1. An investigation has been con­
ducted to dev ise a m echani cally - sequenced nose gear hyd ra ulic c ir cuit. The 
requirements of the system are : 

(a} It should close the nose do o r immediately after extension of the landing 
gear . 

(b) It should be poss ible to open the doo r a fter the aircraft ha s landed . 

(c} It should be possible to reverse a gear se le c t ion Lefore it is complete. 

(d} For safety reasons it should not be po s sib l e fo r the d oor to close on 
the ground after a do or op en selection has been made. 
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Equ ipment to be deleted from the present hydrau lic system wo uld comprise 
the nose door selector valve and emergency bypass valve . New e quip ment 
requ ired for mechanical sequencing consists of a mechanical door se l ector 
valve, a ground actuated door selector valve, an additional (door actuate d ) 
sequence valve, and a bypass sequence valve (refer to Fig ure 3 1) . 

14 . 3 . 1 SEQUENCE OF OPERATION 

The actuation of the proposed s ystem is arranged to achieve the same seq u ­
ence of operations as in the ARROW 1, except that the nose gear door canno t 
be closed on the ground after it has bee n opened . The sequenc e of operations 
is as follows : (Refer to hydrau lic circuit, Figure 31) . 

1. 

2. 

3. 

4. 

5. 

6. 

During flight , the mechanical selector valve and the gro und operated 
selector valve (figures 3Z and 33 respectively) are both in position 1 . 

On selection of gear DOWN, the nose gear door opens and the gear is 
extended when the nose gear actuates the sequence valves marked "~ 
in Fig ure 31. 

When fully extended, the gear actuates the mechanical selector valve 
to position 2, and the door closes. 

After l anding, the gro und operated selector valve is moved by hand to 
position 2. This allows the door to open. 

After take-off, the land ing gear UP selection is made. As the nose 
gear retracts, the following actions occur in turn : 

(a) 

(b) 

(c) 

( d) 

The bypass sequence valve is actuated to maintain the pressure 
supply to the nose gear jack, if the door actuates the two sequence 
valves (~') before the gear is locked up . 

The mechanical selector valve takes up position (3) (neutral). 

The ground actuated selector valve reverts to position ( 1). 

When the gear is fully retracte d, the mechanical se lector valve 
takes up position (1), and the door closes. 

When the land ing gear is selected d own, the mechanical selector valve 
takes up position (3) when the gear is falling, and the ground actuated 
valve remains in position (1). lf the selection is rever sed before exten­
sion is c01nplete the gear will retract as desc ribe d in 5 above . 

7 . With the gear extended and the nose door reclosed, the mechanical and 
ground actuated selector valves are in posit io ns (2) and (1) respectively. 
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Should an UP selection n ow be made , the door will open , actuating t he 
two sequence va lves( *) and allow ing the nose gea r to retract as in 6 

above. 

14 . 4 WHEEL BRAKES 

T he res ults of initial taxi t rials , couple d w ith a de ta iled a nalys i s of whee l 
brake req u i r ements and incre ased weights, has ind icated t hat the energy 
cap acity ;f th e brakes m ay be ina dequate to s t op t he aircraft under ce rta in 
operating conditions , in par ticular when the drag chute fails . In a ddition , 
brake o r t i re fail u re s may oc c ur , due to overheating of the brake unit s . 

14 . 4 . 1 ARROW 1 

T ests based on operating condition s for the first a ircra ft have resulted in 
clearance of the brakes for taxiing and in itial flight trials . The brakes are 
capab le , under t hese cond itions , of a s ingl e full energy (eme rgency) stop 
w ithout the us e of t he drag chut e and with in the confines of runways available 
for flight testing. The brakes have t o be cha nged , however, after each full 
ene rg y s top . 

The c urve of brak lming t emp e1a ure vs energy input for the existing brake 
(F igu r e 34) illu strates the overheating p roblem for the energy level s expected. 

T emp r atu res in excess of a pp rox imate y 700° F at the brake lin ings are 
de trim,, ntal to the eq u ipment . Temperatures in excess of 300 ° F at the ti re 
bead seat , due to rad i ation f :om t he brakes can cau se t ire fa ilu r es after 
l an ding. 

Ana lysis of the landing r un and range of l and,ng weights, s p eeds and attitude s 
has shown that t he p resen requirements for energy capacity cannot be met 
w ith the ex is+ing bra ke de sign . In the event of pa r achute fai lure a, sin gle 
emergency stop wo uld e x ceed th safe max im um energy input of llxl06 ft lb 
per brake unit a nd " bu rn out" t h _ h rak s. 

A s an inter im solut ion for AR ROW 1 , it ha s b en decid d to trade brake life 
for incr eased e n e r gy cap acit y, w;th m ' n m mn change in conf'gu ration . Go o d ­
y ar A ircraft has 1,e e n aske d t o raise the energ1 c a p ac ity of the e x i s ting 
brakes as much as po ssible. Th€' thic kness of t he present brake d iscs w ill 
be increased by 0 . 25 in ch, wit h a cc r.r es pe,ndin g decrease in t he t hickness 
of the linings. T he larg r mass of meta l will imp rov t h h eat sink b ut at 
the same time t he life of 1: hP limngs w ill be d crease d , th us reducing the 
n umber of s top s available from each se oi lin ings . Exp cted p erforma nc e 
of the modified un its w ill c staolish ·d y tes ,, as follows: 

(a) 25 stops at a normal energy np ut or 7. ') x 106 it lop r bra ke un it. 
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(b) 

(c) 

2 stops at a high energy input of 12 x 10 6 ft lb per brake unit . 

A series of tests to determine the maxim um energy the brakes can 

absorb . 

A problem associated with high brake unit temperatures is tire failure after 
taxiing, due to excessive tire bead seat temperature. To overcome this pro ­
blem , the inner surfaces of the wheels will be coated w ith a heat reflecting 
paint . Th i s will reduce the temperature of the wheel by protect ing it from 
heat radiated by the brakes. 

14 . 4. 2 ARROW 2 

An invest igat ion into the capabilities of the ARROW 2 brakes has revealed 
that the position is very s im" lar to that described for ARROW l . The 
energy capacity req uirements cannot be met with the existing brake units . 

Max imum safe energy inp ut would be exceeded for a single emergency st op 
without the use of the braking drag chute, and only 12 to 15 stops co uld be 
achieved with the drag hut e operat ·ng . 

Multi - disc tri-metallic brake units, in which both discs and linings are used 
as a heat sink , have been proposed for ARROW 2. These will bring the 
energy capacity of the brakes into line with up - to - date landing speeds and 
weights . The new units will be des igned to satisfy the following requirements : 

(a) 45 stops a t a minimum energy absorpt ion of 9. 25 x 106 ft lb per brake 
unit. 

(b) 5 stops at a minimum ene rgy a b sorption of 12 . 7 5 x 106 ft lb per brake 
unit. 

(c ) 

(d) 

1 stop at a minimum energy absorpti on of 22 . 25 x 106 ft lb per brake 
unit. 

A maximu m brake pressurE- of 1,5 00 ps i. 

lf t he scheme is proven sati sfact ory on ARROW 2 it will be retrofit t ed to 
ARROW 1. 

Adoption of the redesigned brake unit will result in g r eat er energy capacity 
and therefore less heating of t he tire bead seat . This will maintain bead 
seat temperatures below 300 ° F for normal and high ene rgy s t ops, thereby 
preventing tire failure s. 

Another s uggestion being investtgat d is the replacement of the existing type 
VlI tire with the new type N low p r ofile t ire , whi ch apparently has better high 
speed characteristics . 
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14. 5 SPEED BRAKES 

It is possible that the speed brakes may be deployed when the missiles are 
fired. In this case t he Spar row ZD would impose a load 0£ 9, 700 lb. on the 
fully extended speed brake (Ref. par a . 17 . 3 . Z) . This mis sile blast load, 
added to the normal air load would produce a h inge moment considerably in 
excess of the normal value requi red for " blow back" ret r action (Ref. Figs. 35 
and 36). Although the blast load would b e of short durat ion, it would never­
theless pr oduce a pres s ure surge in the speed b r a ke jack up to 7,000 psi in 
excess of the design max imum o f 5 , 000 ps i. A relief valve would normally 
allow "blow ba c k" o f t he spe e d b r a k s when t he jac k p r essure exceeds a 
nominal 5 , 000 ps i. Howe ver , the r apid pres s ur e r i se due to missi le blast 
could not be handled b y the relie f valve and fai lure of the jack or the support­
ing structure could r e s ult. 

To obviate the abov e p r ob lem it may b e necessary to partially retract the 
speed brakes when t he m i ss il es ar e extended ready for firing. The struc­
tural and s y stem aspe c t s of t he problems are cur r ently under investigation . 

14 . 6 NOSEWHEEL STEER ING 

The present me c hanically -operat ed nosewhe 1 steering system was fo und to 
be unsatisfactory on t he firs t a ir c r aft and has b e e n disconnected. High 
fr i ction in the sy s t em result ed i n diffic ulty i n stee r ing the aircraft, and 
produced an undes i rable e ffect on rudder cent ring and rudder control, with 
the nose landing gea r exte nded. 

It is proposed t o r edesi gn the s y s t em to r educe the ope r a t ing fo r ces and to 
e liminate the adver se effects o f the s teer ing linkage upon rudder operation. 
Efforts will b e c once ntrated on develop in g a suita b le syst ern for ARROW 2, 
which can later b e r etrofi tted to ARROW 1 . Electri cal control will be used 
in place of the p r esent cable a nd linkage a r r a ngement. St eer ing control will 
be non-linear , to obtain c or re s p onding r udde r pedal a nd nosewheel deflec ­
tions of the orde r shown in F ig ure 37. This w ill p r e v ent overs t eering at 
hi gh speeds (i.e. l a nd in g o r tak -off) by p rov iding a 2 : 1 rat io of rudder 
pedal angle t o no se wheel a n gle, for pedal angles up t o 7 degrees. Vario us 
types of electr ic a l st e ring syste m are p re s e n t ly being evaluated to deter­
mine their suitabiliLy. 

14 . 7 ANTI - SPIN WHE EL BRAKING 

The main whe e ls are p r even ted from s pinning d u :ri.n g l a ndin g gear r e traction 
by automati c applic a t io n of t h e brakes. T hb is achieve d by means of an 
electrical signal to the brake c ont r ol v a lv s o lenoid wh en the l a nding gear up 

selection is made. 

With the present system t h e r e i s a ri sk oi h:rak e - on l a nd ings should a fault 
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occur in the c ontrol valve sole no id . To e liminate this possibility, the elec­
tri cal valve actuation is being replace d with hydraulic act uation; pressure 
being applied when GEAR UP is selected. 

14. 8 FLYING CONTROL SYSTEM - INPUT BOOSTERS (Refer Quarterly 
Report No. 2) 

The hydraulic control c ircu: t fo r the elevator and a i l eron input boosters in 
the flying control sys t em i s shown in F i gur e 38. Hydraulic p re ssure is 
supplied to each b o oste r fro m both the A and B flying control s hydraulic 
systems simultaneously . ln the event of a fai lure in e ither hydra ul i c sys -
tem, the hydr a uli c fluid in t he failed s ystem i s circulated ar ound t he booster, 
through a check val ve between the p res sure and return lines. The booster 
installation is f u rther d isc ussed in para. 15. 1. 1. 

14 . 9 DEVELOPME N T OF FLAR ELESS FITTIN GS 

All l eakage , b u r st and impulse t ests h ave been completed for the initial flight­
worthiness program . 

The flexural vibration tests are s t ill incomplete due to d i fficulty in 
evolving sat i sfactory to olin g to size the tube e nd . Thi s tooling is required to 
apply the sleeve s hrink-fi t method of as s embl y to give re sults comparable to 
the NRC method. AVRO to :> ling has so far produce d t ube ends w ith a fatigue 
life of 2 x 106 cycles , as compared to 2 x 107 cycles p roduced b y the N RC 
method . Although the fatig u e life achieve d with AVRO tooling is a great 
improvement on p rev io u s resul t s , it is still not con s idered sufficient to 
justify p roceeding w ith production t oo li.ng . 

A batch of unh ardened sleev es has b e e n o ot ined from Weatherhead Canada 
Ltd . , a nd att empts are b e ing m a de to pregror:ive the t ub e, preset t h e sleeve 
into the groove , and t hen exp a nd t h e sle e v e and t ube together. This method 
is based on suc c essful NRC t es t s, duTing w h ich unhardene d MS sleeve s and 
tubes were swa g ed t ogether . 

A series of tests have b e e n complete d o assess the life of s wa ged-tail tube 
assemblies us ing the con s t a n t displa cernen t n 1ethod of fl exur e (as standard 
in the U.S.A. ). T he results a r e now b e ing evalua ied. 

14 . 10 HIGH PRESSURE STEEL TUBING 

A new specification (M- 7 14) has been comp ile d to rep lace specification 
M-7 -6 for ARROW 2 hyd r aulic t ub "ng . The new s p ec ' fi cation requ ires that 
all tubing be seamless, a nd a close t ole ran c e internal d iameter has been 
specifie d to facili t ate forming. 
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15 . 0 FLYING CONTRO L S AND DAMPER SYSTEM 

15. 1 FLYING CONTROL SY STEM 

With the complet ion of quali fication t est s and t he correcti on of faults applic -
able to aircraft 25201 , the first ARROW was cleared fo r the firs t flights 
within a flight env elope of 40,000 fe et a nd Ma c h 1. 4 or 4 50 knot s EAS, which­
ever was lower . 

Continued tests on the B-1 ri g uncovered severa l fault s in the system, 
Slackening of rudde r calbes ,q c a ct uator system unreliab ility , cont rol valve 
instability problems and h i gh fr i ct iona l forces in the feel and t r im units were 
among the faults whi ch r e qu i red c orrect ion. Also , wit h the incorporation of 
boosters i n the e lev a t or a nd a ile r on contro l s y stems, several additional sys­
tem changes w e r e ne ce s sa ry . The se included modificat ions to the front ten­
sion re g ulator quadrant s and the r elocat ion of the feel and tr im units and 
parallel servos , a t t h e fr o nt quadrant area s . 

15. 1. 1 CONTROL BOOSTERS 

As stated in the p r ev ious issue of t he ARROW Qua rterly Technical Report, 
the unacceptable breakout forces in the e leva t or and a i ler on systems were 
eliminate d by the insta lla tion of b o osters . These are located at the front 
quadrant area, to gethe r w ith t he r e located feel and tr im units and parallel 
servos . 

When the syste m w a s checked f o r c omponents func t ioning , it was f ound that 
the booster control valv e exhib ite d un stab l e charac t e ri s t i cs . The arrange­
ment of the b o o s ter ja ck and boo s t er val ve l ever s is s u c h t h a t a f ollow up 
process occur s whe n t he c ont ro l v a lve l ever 1n o v e s t o in itiate movement of 
the boo ste r jac k . The fre e m ot ion of t h e control va lve r am and operat in g 
linkage, produc e d t he in stabil i t y. 

T h is fault wa s p artly c o r re c t ed by ins t alling a rat e spring, b etween t he t wo 
b o o s ter l eve rs to provi de a c e n t r i n g act ion . I n a dd itio n , a dampe r has been 
fi tted on th e con tro l valv e li nkag e wh i ch f urth r r educed t he problem to accept ­
able lim its . T he rate spr in g and da m p e r we re t hen c ombined to form a 
da mper / feel un it a nd insta lle d on the elevator and a i leron boo s t e r j a ck link­
a ges a s shown in F igu re 39. The boost r s will be ins alled o n a ll ARROW 1 
a ircraft , although the ins t allation i;;; compli ca t ed on a i r craft 2 5204 and 2 5205 
by the addition of AST R A I. 

1 5. 1 . 2 CONTROL ST I CK GRIP 

The sti c k for ce t r ans d u c r i n t h . H um p hre y gr ip w a s p r oven t o be unfl ight ­
worthy (Ref. 15. 2 . 1). T he grip was in s t a lle d o n ai rc : aft 2 520 1 , b ut the 
transducer was inop e rat ive d u r ing fl i ght. Sub s eq uent A RROW 1 ai rc raft will 

1 11 





=-- ] 
AVNO AINCNAFT LIMITED 

------------------------- AV H D AH H D W 

J 

J 

J 

J 
~ ] 

-, ] 
J 

J 

J 

J 

J 

J 
- ] 

J 
- 1 

J 

employ H u mphrey grips with isolated transducer circuits, if the flightwo rthy 
H umphrey transduc er typ e grips are not available. 

15 . 1 . 3 FEEL AND TRIM UNITS 

The elevator and ail eron feel and trim un its produced high fr ict io n a l forces . 
These have b een reduced to a n acce ptable level by the removal of felt dust 
shields at the ram end of each un it. 

The booster installation (Ref. para. 15 . 1. 1) necessitated the relocation of 
the feel and tr im units at the front quadrants. In a dd ition, the e l evator feel 
and trim un it was shortened. Thi s was necessa r y t o fit it into the available 
space and to r edu ce e x ce ss ive f el and trim un it deflect io n inc u rred at 
resonant frequenc ies , which could res ult in failure of the un it. 

An electrical emergency release has been incorporated w ith t he elevator fe e l 
and tr im un it installation . The electrical dis c onnect allows the pilot to dis -
engage the unit should it jam or "r unway". This is required for the ARROW 
since a lar ge po rtion of flying w i ll be done in the emergency mode, and trim 
motor runaway could 'Se d i s astro us . 

15. 1. 4 CONTROL VALVE S 

As ment ioned in the prev ious i ssue of the ARROW Quarterly Techn ical Report, 
ins t ability probl ems existe d on the co ntrol valves . Modificat ions were mad e 
to the valves to correct the flow f orce character i stics but the y were still 
cons idered unacceptable . An investigation was ther efore conducted to dete r­
mine if suitabl e damping co uld be applied to the valve . 

Two types of dampers were teste d; a Humphrey viscous damper and an 
AVRO or ifice damper . Th AVRO damp er p rove d to be t he most acce ptable . 
Damp ing was linear and n o fall - off i n linearity was obse r ve d dur in g 30,000 
cyc l es of test operation . When ins talle d on the flyi ng contro ls test rig act u ­
ator control valves , th d amp er w as s ufficient t c ure t he oscillation of the 
aileron and elevator control v a l s and subsequently th e rudder cont ro l 
valve. 

AVRO dampers h ave been fitted to all five control va lve s on aircraft 2520 1, 
although t h e damper installatio n is differ n t on the r udder, e l e vator and 
aileron co ntrol va lves . I n each cas however the damper acts d irectly on 
the valve spool linkage. 

15 . 1. 5 RUDDER CABLE TENSIONER 

Dur ing tests on the r udder control system, it was found that when maxim um 
force was applied to the r udder p dal , the off -t nsion si d of the control cable 
run showe d abo ut 2. 5 inches of slack. This would r es u lt in abo ut ten inche s 



=- ] 
A V RD AIRCR A F T II M ITED 

AV RO ARROW-------------------- ---- -:-] ~ 

f f bl ln Order to eliminate this condition, a of slack per six oot o ea e run . 
r udde r cable tensioner has been installed in each cable run . 

The rudder cable tensioner consis t s of a spr"ng enclose d in a tube, with a 
plunger acting to contract the spring . Suitable cab le conne~t ions a:e p_ro ­
v i ded at each end of the un it on t he t ub e and plunger . Tension a pplie d m 
the cable r un contracts t he spr ing through three inches of trave l un it! the 
stop on the plunger conta c t s the end of t he tu0 e. 

The three inch range of t he un it p rov ides ample length for the remova l of 
slack, and the s2ring bott oms a t a force of approx imat ely 32 l b, providing 
suffi cient tension in the off - tens io n side of the cable r un . 

Sponginess is eliminate d in t he on - tension s ide of the cable r un , s ince the 
stop is reached a t appr ox im ately 50 lb tension and the maximum cable tension 
is a pproximately 225 l b . Rudder cable tensioners have been installed on air ­
craft 25201. 

15. 1. 6 RUDDER TENSION REGULATOR QUADRANT 

The r udder cab l e tension r egulat o r quadrant was req u ire d to maintain 5 0 lb 
tens ion. However , when t he quad r a n t had b een set, and high force s applied 
to one cable run, t he quad r ant would slip t o the extent of slackening the off­
tension s id of t h e cab le r un . The rudder t ension regulator quadrant on 
a ir c raft 252 0 l ha s now b e n modi fi ed by the addit ion of s t ops wh i ch prevents 
the quadrant from s lipp in g b e y ond the desired tension sett ing. 

15. 1. 7 Qc ACTUATOR SYS T EM 

Qualificati on te s tin g ha s beg un on th AiResea r ch qc ac t uat or sys t em . How­
ever , repe a ted ele c t r · c al fa ilur e s of t he m agne t i c a m pli fi e r ind icat ed a 
definite la ck of re lia bi lity. F il ure o f t he un it was believed to have r es ulted 
from poor insulat ion of t he excita t ion c ir cuit components, le a d ing to heat 
d i ssipat ion prob lems w ithin the un it . 

In order to ens u re the a v ailabi li t y of a fl i gh t wo r t hy s y s t em f r aircraft 25201, 
i t was de cided that AVRO would develop a s y stem whi ch could be used as an 
alternative t o t he AiResearch sys t em, should the fa ults not be correcte d in 
time for the first fl i ght The s imulat ion laborat or ie s t herefore developed a 
system based on a CF - 100 v a cuum t ube t ype a m plifi e r , and an addition a l 
chassis whi c h include d a p ha s e c ompens a t io n networ k , a powe r s uppl y to feed 
the amplifier, and a s y st em ga in c ontr ol. Two s ets were a ss e m b led, pa ss e d 
qualificat ion tests , and one se t was insta lled on a irc raft 25201. 

During vibration tes t s, t he q c act uator, which until t h i s time had f unctioned 
satisfactorily , became inoperat ive due t o malfunctioning of a limit switch . 
This could res ult in t he ac t ua t or motor burning o ut a t e ither extreme of its 
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travel, thu s rende r in g b o th the normal system and the emergency override 
inoperative . The limit sw ttches triggering mechanism was modified after 
whi c h the a ctuato r suc c essfully unde r went vibrat ion tests. The qc actuator· 
system was then made f ully operative tn i :me for t h e fir st fl i ght . Some 
o verhe ating of the act uat o , rnotor has slnce o e en n ote d b u t t he cause of 
this has not yet been de termine d. 

For incr eased fli gh t s afeLy on AR ROW 1 aircraft, 1he eme rg e n cy override 
is incorporate d and is indepe nde nt of the no r mal q c a c t uator s y s t em . An 
override switch on t he le ft -ha nd s ide of t h e pi l ot 's main instr ument p ane l is 
used to d i senga ge the n orm a l q c actuator system a n d select ~he r udder feel 
mechanism. A t h r e e- position s w itch t hen e n a bles the p il ot 1: o s elect the 
amount of hinge rnome n t limitat ion or £ee l r e q u ired for ·the p a rtic ular air -
speed. A qc ac t uato r p osition m ic a to:'.", calib r a te d in knots EAS, is pro­
vided to show the position of th e a c t uator. Cons ide r a ti on is be ing given to 
the incorporat io n of the p il o t overri d e syst em on the ARROW 2. 

As a result o f the des ign problems enco unt e r ed b y AiRese a rch , and the 
standard of r eliab ility requi:::-ed o f t he qc actuat o r s y s t em, the present AiRe -
search sys t em w ill n ot be used o n the ARROW 2 . 

15. 2 DAMPER SY STEM - AIR C RAFT 2 52 0 1 

For the first flights of airc r aft 25 2 0 1, the emergenc y damping system was 
operative, but , t he no nnal damp in 15 s:,s tem was operat ive in the yaw axis 
only . Thi s was necessary s ince a fl igh t worthy s t ick force transducer and g 
lim iter were not available. T h e g lirn i'·er, w h i ch ope r a t es in conJunction 
w ith the no r mal p itch dampe r w ill emp loy tran sisto rized servo acce le ro ­
me t ers {r e f. p a r a. 15. 2. 3/. Th e fir s t g limiter is e xpecte d t o be delivered 
in J une 19 5 8 . 

The AFCS switch in the con . rol stick g1 . p nas been w ire d as a damper 
POWER - OFF sw itc h en aircrafc 25201 for flight te s t pu r p o s e s . This safety 
feature will also be in corp orated on a i.rcrafi: z~,202 a nd 25 2 03 . 

Anothe r safety feat u re was 1nco~ pc;_·a-red w hich enable s t h e p il o t to s elect 
landing gear down m ode while the land ing gear i s up, and landing gear up 
mode while t he landi ng gear is down. 

During t axi trials a divergent os:::illation of the r u d d er was experienced. 
The cause was t r aced to a structu ral torswn al rnode whk h excited 
the normal and e m ergency l ateral accelerometer s l o ca t ed b t he arma -
ment bay ro of. The accelerornetev rno unts w ere fcu to r esonate 
at 8. 5 cps, the a p prox imate freq u ency of t 11e str u ctu ral t or s ional 
mode, and at t he n ominal flight se tti n gs, the ac c e l er omet er gain 
wa s high enough t o cau s e 1:he unstable c on d ition. An a ttempt 
to make the mounts m. o re rigid had a rela tive l y small effe c t in 
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reducing the oscillation . T h e c ondit ion was relieved for the first flight by 
changing the forward loop gain and the servo l oop gain. However, a filter 

h as now been in corporated. 

15. 2 . 1 STICK FORC E TRANSD UCE R 

Initial tests conducted on t h e stick force transducer revealed that the output 
voltag e was non-linear with the applied stic k fo rce and that the AFCS over­
ride de vice, while not required for aircraft 25201, was inconsistent in 
operation. The t endency of the AFCS ove r ride devic e to remain disengaged 
after application of loads was considered unacceptabl e . 

Analog computing has produced a rearrangement of system elements which 
eliminate stick buzz due to the parallel servo. Work is c ontinuing in an 
attempt to establish a satisfactory force -displacement curve to produce a 
good break-out feel, and also to eliminate a " knock" believed to be due to 
the parallel servo first overshoot. The Bell and Humphrey stick force trans­
ducers are being investigated. A stick buzz is also produced by the differ­
ential servo. This has not been checked thoroughly as yet, but it is thought 
that the booster installations w ill eliminate this condition. This will be 
checked out on the flying controls test rig . 

15. 2. 2 RUDDER MONITOR 

The rudder mon itor is used t o protect the aircraft against malfunction of the 
normal damping system by switch ing over to the emergency damping system, 
should transverse acceleration or side slip approach structural integrity 
limits. The switching mec hanism operates on all three axes and is shown 
in Figure 40. 

,,,._,"_, SIDESLIP SWITCH ACCELEROMETER A 
-_,,,,,,...._ 40 

--v ( }---r--------,-------(_ J---~----{ iifE~~LA~~ 
O PENS WHEN 

,s ;,10° 
OPENS WHEN 

g ;, _40 
OPENS W NORMAL DAMPER 

LANDING GEAR 
SELECTION SWITCH 

GEAR UP MODE 

GEAR DOWN 
MODE 

g ¾- . 

OPEN S WH EN OPENS W HEN 
g > .25 g ( -.25 

ACCELEROMETER A 
13 

FIG. 40 RUDDER MONITOR CIRCUIT 

The circuit includes a sideslip switch (beta vane in the nose boom) and two 
:ransverse a~celerometers which are located approximately 13 feet and 40 

ee_t, r~spectively, forward of the aircraft centre of gravity. The side slip 
switch 1s set to open and int t th 

errup e normal damping system supply if the 
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side slip angle exceeds ten degrees. The landing gear mode selection switch 
allows selection to land ing gear down mode on low speed configuration to 
permit the pilot to produce intentional sideslip . 

Switching to the emergency mode will o c ur only when b oth accelerometers 
register accelerations larger or equal to values shown in Figure 40 . The 
required combinations of accelerations to cause d isengagement is only pos­
sible in the case of rudder runaway. 

Analytical work was conducted on the rudder monitor for the flight envelope 
of aircraft 25201 for the first flights. The results of this work showed that 
better protection could be obtained by disconnecting accele r ometer A 13 from 

the circuit . For the first flights of 25201, accelerometer A 13 has therefore 

been eliminated from the rudder monitor circ u itry. 

15 . 2 . 3 G LIMITER 

The function of the g limiter was described in paragraph 4. 0 of the previous 
Quar:terly Techn ica l Report . This system ernploye d t wo spr ing mass balanced 
accelerometers. 

Honeywell have now proposed a new g limiter which operates in exactly the 
same manner as the former system, b u t employs transistorized servo 
accelerometers . These ac c elerometers are installed in two sets of two , 
each set being packaged separately . This typ e of accelerometer was pro ­
posed as a means of reducing the system error which at best was ± . 6g when 
em ploying matche d spring accelerometers. The sysl:e m error is redu ced 
to± . 3g when the servo accelerometers are u sed. 
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16. 0 OXYGEN SYSTEM 

16 . 1 OXYGEN SYSTEM ARROW 1 

The ARROW 1 aircraft i s equipped with a shock-mounted ARO oxygen con­
verter, which has a gaseous flow of 40 litres per mir:ute. An emergency 
supply cylinder is mounted under each seat , with high pressure (1800 psi) 
p iping to a charging valve, and a pressure reducing valve. 

The low pressure pipe from the liquid oxygen converter passes through the 
bulkhead , adjacent to the cockp it entrance step. This has been considered 
acceptable for ARROW 1 aircraft, in view of structural alterations required 
to reroute the pipe. On ARROW Z aircraft , the pipe has been rerouted to 
clear the entrance step . 

16 . 1. 1 OXYGEN CONTENTS INDICATOR 

The master oxygen contents indicator on ARROW 1 aircraft is located in the 
front cockpit , w ith a repeat indicator in the rear cockpit. Each indicator is 
marked Oto 5 litres of liqui d oxygen. In the event of electrical power failure, 
a warning flag, marked OFF, appears on each indicator dial. 

16 . Z OXYGEN SYSTEM ARROW Z 

ARROW Z aircraft will be fitted with a Bendix oxygen converter. This unit 
has a gaseous flow of 60 litres per minute. 

Improvements have been m a de in the emergency sys tem design . The supply 
cylinder pressure gauge charging and starting valves, and the pressure 
reducing valve have been incor por ated into one un it, together with the sys -
tern actuating handle. The emergency s ystem is now completely self con­
tained, eliminating t he interconnecting high pressure pipes . A complete 
un it is to be installed on the back of each seat. 

16 . 2. 1 OXYGEN CONTENTS INDICA TOR 

On ARROW Z a ircraft, the oxygen contents indicators are marked in per -
centage of liquid oxygen ava ilable, and the master indicator will be equipped 
with a test switch to check that the indicator is funct ioning. This is in add­
ition to the OFF flags provided on each indicator . 
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17. 0 ARMAMENT SYSTEM 

17. 1 GENERAL 

The ARROW 2 operational aircraft is equippe d w ith four Spar r ow 2D air -to­
air guided m issiles . 

17 . 2 ARROW 1 

ARROW 1 aircraft, with the exception of aircraft 25203, do not incorporate 
missile carrying facil ities. Aircraft 25203 can carry four modified Sparrow 
2D missiles. These missiles w ill not contain any elec tronic guidance or war­
head and are known as simulated aerodynamic vehicles {SAV). Their use on 
this aircraft is to check the miss ile lowering and retraction gear, jettison, 
firing of miss iles and in i tial launch proje ctory . Photographic coverage of 
missile launching and jettison, w ill be obtained by cameras mounted on both 
the launch and chase aircraft . 

At a meeting w ith AVRO on 7 Februa ry 1958, Canada i r Ai r craft Ltd. suggest ­
ed that they would l ike to fire Cont rol Test Vehicles (CTV) early in 1960. 
The only ARROW a i rcraft that w ill be available at t hat time, is aircraft 25203 
which would be used for weapon p a ck de v eloprnent dur ing that period . A VRO 
will consider their request when plann ing the activities of this aircraft. The 
necessary altitude of m issile operation, could be obtained by launching from 
a CF-100 in a. nose-up att it ude. No final de cisions h av e yet been ma.de on 
this subject. 

17 . 3 ARROW 2 

The production version of the ARROW 2 will h e equipped w ith an ASTRA I 
e lectronic syst e m, and w ill carry four Spar r ow 2D air-to-air g u ided miss­
iles. Howeve r, early ARROW 2 a ircraft {2 5260 - 25208) will be eq u ipped 
with a part ial ASTRA I systen1 only and w ill not carry missiles . The weapon 
pack bay w ill be used to carry instrumentation . Aircraft 25209 will be a 
m i ssile -carrying aircraft equip ped with t he developrnental ASTRA I system. 

The followin g items are c u rrently under review: 

1. Elastici ty effect on antenna line of sight 

2 . Installation of Infra - Red system - (see par a . 7 . 0) 

3 . Dynamic study of the m is sile launcher 

4. M i ssile firing w ith extended a i r b rakes 

5. F iring circuits 
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6 . Interference between missile and rail 

1 7. 3. 1 RIGIDITY EFFECT ON ANTENNA LINE OF SIGHT 

The aircraft antenna and missile antenna lines of sight are paralle l w i thin 
acceptable limits on a static check . Due to structural deflection however, 
these limits may become unacceptable during flight. 

The magni tude of the deflections and their effect on the lines of s ight is now 
being investigated . Flight tests w ill also be made on aircraft 25203 to 
measure the deflections between the aircraft and missile antenna s ight lines. 

17 . 3 . 2 FIRING CIRCUITS 

General agreement has been reached between the RCAF, A VRO and RCA, 
regarding the firing circuits for ARROW 2 aircraft. These agreements 
were recorded in paragraph 16 . l. 4 of the previous Quarterly Technical 
Report. RCA is now prepa ring a rev ised stat ement of the circuitry so that 
complete agreement may be established . 

17. 3 . 3 INTERFERENCE BETWEEN MISSILE AND RAIL 

Preliminary investigat i'ons indicat e that when all adverse tolerances and 
deflections are taken into account, it is possible for a foul to exist between 
the missile body and launcher rails. The magnitude oi the interference has 
not yet been established, although ~he nominal clearance i s 0 . 26 inches . Due 
to the nature of the deflections involved, i.t i s not poss ible to immediately 
arrive at a nominal clearance to prevent fouling. A design s che me is being 
prepa red to restr ict those deflections that t end t o reduce t he clearance 
between the missile and missile l a uncher . Th i s w ill b e achieved by fitting a 
P.air of small d iameter r olle r s on the l a unche r so that uncle r s tatic con­
d ition s t hey are loca t ed just above t he missile body, a t missile stat ion 47. 9. 
The funct ion of these rollers i s to prevent the missile a ttachment b uttons 
from jamming in the launcher rails during l a unching. The rollers will be 
automatically retracted by the action of the m issile l ut ton on passing under 
the rollers . 

Side deflect ion of the launcher and miss ile will tend to preve n t an extended 
miss ile from being retr act ed ba c k into its s t owed location within the weapon 
pack . To prevent fouling of the missile and sealing edges, dur ing retrac­
tion, a scheme is being prepared involving t he use of plates to guide t he 
missile to its correct s t owed position. 

1 7. 4 MISSILES 

A meeting was held betwe e n AVRO and Canadair t o establish missile respons­
ibilit ie s. AVRO i s responsible for determining and recording t he environment 
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in which the Sparrow 2D missiles n1ust exist and function, up to the time the 
missile wings are unlocked. ln addition, AVRO is to eliminate the environ ­
mental effects encountered by t he missiles but only where this is feasible 
within the limitat ions impo s ed by t he ex ist ing ARROW airframe configuration. 
Items within the missile which a re not compat ible w ith the environment of 
the fully developed ARROW armament syst em, must b e rect ified by the 
missile contract or . 

Missile environment t e sting, pla nned on a irc~aft 2 5203, will be AVRO 's 
responsibility. Instrument ed missile test veh i cle w ill be supplied by 
Canadair , who will be r esponsible for the in strumentation w ithin vehicles. 
Environmental test vehicles w ill also be p re pared by A VRO. This vehicle 
will be instrument ed to AVRO's requ irements and is AVRO's responsibility. 
The aircraft ins t rumentation w ill be arranged so that all telemetry channels 
in each missile may be read separa tely. At the same time certain key 
channels in each missile can be read s imultaneously t o facilitat e instant­
aneous comparison of results from the missiles . 

17. 4 . 1 MISSILE PROTECTION 

Missile sk in tempe ratures w ill be a pproximately 2 5 0°F aft er being subjected 
to some flight condit ions . The present missile c onfi gurat ion i s not designed 
to withstand th i s temperat ure . ln an effort t o reduce t he effects of this 
environmental condit ion, AVRO is investigating the possibility of fitting a 
jettisonable prot ective cove r ing over each m i s s ile. 

ln addit ion to providing protec~i0n from a tempera- u re ri.s e, the m i ssile 
covering w ill protect the m issile nose. 

17 . 4 . 2 UMBILICAL PLUG 

A VRO are still awa i ting confirrnation fro m the RCAF that a suitable s ocket 
will be fitted t o the m is sile s. T he new socket shoul d a ccon1modate the plug 
being designed by AVRO to su~t the m ~ss il e launchers installed on the air­

craft . 

17. 4. 3 MISSILE WING ACTUATION TIME 

Negotiations be t w een the RCAF a nd AVRO are underway on the method of 
un locki ng the mis sile wing contr ols aft er initial launc h ing . In rep ly to 
A VRO 's suggestion of a tirne de lay m ech a n i sm , the RCAF has suggested that 
the unlocking should be controlled by a d o ub le int e grating acce lerometer. 
This would ensure m is sile armin6 at a fixed dist ance fr om the launcher, 
instead of a fixed time aft er firi n g as suggested by AVRO . Final ag re e ment 

has not yet been rea ched . 
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17 . 4.4 WEAPON/ INSTRUMENTATION PACK 

A special pack is being designed to accommodate a combined weapon and 
instrumentation installation. The basic weapon installation will be the 
same as that designed for ARROW 2 aircraft with the exception that only 
two missiles will be carried, both of which will be located to one side of 
the aircraft centre line. The other half of the pack w'ill be used to house the 
instrumentation . This pack will be interchangeable'· ~ i th the standard 
weapon pack and may be installed on any of the development aircraft. 

A study of vibration a n d no ise du r in r.- missile firing i s to be undertaken, and 
the necessary measurements will be made during the ground firing trials. 

.. 
17 . 5 ALTERNATIVE WEAPONS 

At the RCAF ' s request AVRO is conducting a study on the feasibility of 
installing GE N IE rockets. 
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18. 0 ESCAPE SYSTEM 

A study of aircraft escape systems used in both the United Kingdom and 
United States, forms the basis of a development study inte nded to make the 
present ARROW escape syste m compatible with the aircraft flight capabil ­
ities. 

18. l STATIC EJECTION 

Static ejection tests from both the forward and re a r cockpits have been con ­
ducted at AVRO using the M artin -Baker C -5 seat. The tests indicated that 
the legs of the dummy occupants made contact w ith the instrument pane ls 
during ejection. It was felt that the use of a non-rigid type survival pack 
might contribute to the occupant slumping down in the seat during ejection, 
thus exposing him to the possibility of both spinal and leg injury. 

The tests were discussed with M ar tin-Baker, and it was agreed that they 
would conduct ejection tests with dummy and live occupants in order to study 
leg and body reactions. These tests were condu cted at the RAE F arnborough, 
England, and the results indicate that occupants can escape without injury 
when rigid type survival seat packs are used. Martin-Bake r do not think that 
leg restraints are necessary dur1ng ejection, as even with the legs initially 
outstr e tched, the inertia force dur ing ejection , pulls the feet back to the seat . 

The RCAF Institute of Aviation M e dicine is developing a r igid type survival 
p ac k. Martin-Baker tests showe d that the chances of the occupant slumping 
down when a rigid seat pack is used are greatly reduced, thus decreasing 
the possibility of injury to the lower legs. 

18. 2 ARM AND HEAD RESTRAINTS 

Martin-Baker has a greed to the RCAF request for arm and head restraint, 
but information on the i r progr e ss is not yet available. 

18. 3 DROGUE CHUTE 

Martin-Bake r is currently redesignmg the 22 inch diameter drogue c hute 
used on the Mk 5-C seat in order to reduce t.he shock l oad due to chute open­
ing. For test purpos es, two seats have been e quipped with 24 inch diame ter 
drogue chutes and anti-squid l ines. The g stop, controllmg the opening of 
the crewman's parachute and his separation from me seat has been r educed 
from 6g to 4g . The tests on these seats are to be conducted by M artin­
Baker. 

18. 4 DUPLICATE SEAT E J ECTION CARTRIDGES 

Martin-Bake r has agreed to mveshgate the RCAF request for a duplicate 
cartridge in the seat ejection system. Information on the progress of this 
investigation is not yet availab l e. 
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18. 5 SLED TESTING OF THE E SCAPE SYSTEM 

Initial contractual authority has been received from DDP to proceed with the 
sled testing o f the ARROW escape system. Propo s als for conducting the 
tests have b een received from the following subcontractors: Coleman 
Engineering, Hunter-Bristol Corporation, and Co ok Research Laboratories. 
These proposals have been studied by AVRO and contractual negotiations 
are being conducted with Coleman Enginee ring. AVRO has proposed that the 
t esting should be conducted at Hurricane M esa, and preliminary negotiations 
are underway for the us e of this track. 

19. 0 DRAG-CHUTE 

19. l DRAG CHUTE ARROW l 

P re -flight tests were conducted on the drag chute brake operation. Several 
modifications were required on aircraft 25201 and the system was thoroughly 
che cked during high spee d taxi trials b e for e the first flight. 

An inve stigation will be conducted on D acron drag chute risers employing 
glas s sleeving. The suitability of Dacron will be established through high 
temperature t ests , and the effectivene ss of glass sle e ving will be evaluated 
during flight t esting. 

19. 2 DRAG CHUTE - ARROW 2 

An investigation 1s being conducted to determine the maximum strength of 
the parachute consistent with the ARROW 2 structural strength. This may 
require an incr ease in parachute box volume. 
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20. 0 STRESS ANALYSIS 

20. 1 THIRD STRUCTURAL MATRIX 

The s e tting up of the third structur a l matrix is now in progres s. S ince thi s 
is a mor e comprehensive study than t'-1o se prevw u sly cond ucled, it will 
provide a n accurate check on the r e sults of the static test on the comple t e 
aircraft. The ana lysis will provid e a method for d e t e rmining t he effects of 
thermal str es s es. 

The so-called lumping method, employe d on p revious m a trix analyses, is 
convenient for us e with the IBM 704 c ompuaer. However, it omitted seve ral 
valuable fac t ors in the strain energy formula. A l e ss elabo r ate grid w as 
employe d than that n ow use d , in that several ribs an d spars we r e combine d 
for simplicity. 

The analysis now underway will include the poste d box inne r wing, and an 
acc urate representation of the centre fuse l age frames. Furthe r refine m e nts 
o f the third structural matrix in chide a mor e exact presentation of ribs 10 
and 12, thus establishi ng a m ore accurat e picture of the inn e r wing to outer 
wing transport joint. A l so , the complete wing area is now r e presente d, and 
this will e n able t h e intro duction of control surface e ffects . 

20. 2 STRESSING OF HYDRAULIC PIPING 

The present work involves stress clearance o f the ARROW 1 hydr a ulic 
p iping. ARROW 2 piping will be considered later. 

The syste m for determining hydraulic p1pmg fatigue life was d e vised some 
time ago . The metho d accounts for pressure fluctuations and relative move­
m e nts of the piping ends, a nd was based on actua l te s ts to de t e rmine the 
phys ic al characteristics of piping . A certain a mount of fatigue trouble h a d 
been experienced on the original SAE 4130 pipes with brazed end fittings. 
Thes e w ere subsequentl y replace d by stainless steel pipes with fl are l ess 
fittings, thus overcoming the major difficulty. 

20 . 3 THERMAL STRESSING 

20. 3. 1 INVESTIGATION OF CREEP PROPER TIES OF 75-S-T 6 

The introduction of high skin temperatures through ae ro dynamic heating, 
demands that a tho rough investigation be conducte d to dete rmi n e the e ffects 
of cr eep on the aircraft structure. A method has therefore been established 
for d e t ermining the effects of cree p a t highly stressed structural lo cation s. 

This work, p r oduced in r e port 7-050 0-37, Inve stigation of Cree p Prop erties 
of 75-S-T6, considere d creep generally a nd derived a cre e p law which re l a t ed 
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creep strain to temperature, stress and time. The derived law was then used 
to analyze typical structure cross-sections under bending and end loads, 
although the relationships have not as yet been verified by test results. A 'T' 
section with a bending moment applied was analyzed, as were a non-symmet­
rical section and 'T' section using both end load and bending moment. A 
numerical analysis of a 'T' section with an applied bending moment was then 
performed. These analyses did not account for the change in position of the 
neutral axis. However, this is of little consequence, and modifications to 
account for this would not impose much difficulty. The change of applied 
bending moment due to changes of curvature could also be incorporated in 
the analysis. Creep data for 75-S-T6 at 250°F was not available and this had 
to be extrapolated from information supplied by Alcoa. 

This work served to form a basis for future work which will deal with creep 
buckling. 

20. 3. 2 TEMPERATURE DISTRIBUTION THROUGH TYPICAL STRUCTURAL 
SPECIMENS 

Two basic joint configurations were tested to determine the transient heating 
effects across various joint conditions under various heating rates. While 
serving mainly as a check against NACA data, the tests also gave some indi­
cation of the effects of using sealing compounds and primers between joint 
surfaces. 
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21. 0 MOCK UP 

2L 1 SUMMARY OF MOCK-UP ACTlVlTlES 

As a result of the ARROW 2 mock-up conference in September 1957 , a total 
o f 252 change requests required investigation. The effects of these change s 
are being determine d by AVRO, RCA, M artin-Baker Limited, and the RCAF. 

21. 2 STATUS OF MOCK-UP CHANGE REQUESTS 

The current status of the 252 change requests are listed below: 

Status 

Under Unde r-
Initial going 

ltcms Not Change Investi- Correc- Com- D emonstra-
Subj ect Code Evaluated R eq ' st gation tive Action pleted tion R e q 'd 

Cockpit A 1 62 20 19 23 5 
Structure B 2 51 10 13 28 2* 
Engine 
lnstallation C # 17 - 1 16 # 
Electric r l D - 22 4 2 16 -
Air Cond 'J E - 7 3 - 4 -
Low Press. 
Pneumatics F - 1 - - 1 -
Fire Exting. 
System G - 3 - 3 - -
D e-lcing H - 2 - - 2 -

, Fue 1 System I - 11 2 1 8 1 
Hydraulics K - 15 3 5 7 -

Oxygen 
System L 2 5 - 4 1 2 

Instruments M - 7 2 1 4 -
ASTRA 1 N 1 34 11 9 14 l* 

rArmament 0 1 15 4 5 6 1 

TOTAL 7 252 59 63 130 12 

* Explanatory d ata will be provided in lieu of demonstrat ion for these items. 

# Three items previously listed as not e v aluated were approved , after demon­
stration , on 1 7 F ebruary 1958 . A t the same t ime, one other item in the 
same category was re -demonstrated and appr oved. 
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21. 3 FUT URE DEMONSTRATIONS 

The seven items not evaluated during the mock-up conference, will be demon ­

strated at future dates . 

The following items will b e either demonstrated or covered by letter(s) to the 

RCAF. 

D esc ription 

Pilot's and observer/Al's seat 
Console lights 
Cockpit lights 
Map lights 
Intensity of light 
Facilities for bla dder tank removal 
Emergency lowering of electronic bay 
access door 
F acilities t o remove fuel booster 
pump gearbox 
Liquid oxygen converter 
Seat oxygen e quipment 
Antenna multiplexing 

Missile umbilical plug and rail 

R ef. Code 

A. 24 
A. 8 (cat. 1) 
A. 12 (cat. 1) 
A. 37 (cat. 1) 
A. 38 (cat. l) 
B.llPt.2 

B. 25 

I. 1 (ca t . 1) 
L. 3 
L. 5 
N. 18 

0. 7 

Form of 
D emonstration 

Aircraft 
Mock-up 

II 

II 

II 

Letter 

Letter 

Mock-up 
II 

Aircraft 
RCA to clear by 
lette r 
T est rig 

Items in the above list with their category marke d in br ackets e. g. (cat. 1) 
were changes as a result of the mock-up conference, and will be redemon­
strated. 

Although on actual aircraft seat was shown during the mock-up conference, 
it was not demonstrated. It is now proposed to d emonstrate the l a test type 
seats (Martin-Baker Mk C-5), with the seat oxygen equipment. 
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22. . 0 COMPONENT DESIGN 

22. l WING DESIGN - ARROW 1 and 2 

Aileron deflection tests have been conducted in the flying con~i::ols test rig . 
When the aileron was operated under the full wing deflection condition, fail ­
ure occurred along the aileron trailing e dge. As a result of this failure, the 
ailerons on aircraft 25201 have been split This involved cutting a 3/4 in. 
slot through each aileron from the trailing edge to just a ft of the spar at rib 
4A, and packing the open slot with sponge rubber . 

This unexpected failure, while having an immediate affect on aircraft 252 01, 
is unde r investigation to determine possible discrepancies in the test which 
led to the increased bending moments . The effects on future ARROW air ­
craft will depend upon the results of this investigation . An investigation is 
also being conducted to determine furthe r requirements for splitting the 
other control surfaces. 

The main landing gear door uplocks and surrounding structur e will be re ­
designed for all ARROW I aircraft because of increased aerodynamic loads 
on the top surface. In addition, the r e design of the main landing gear door, 
will be investigated for the ARROW 2 to r e duce manufacturing problems. 
A m aterial similar to "lockfoam" will be considered for the door compon ­
e nts . 

A report on the interchangeability of the trailing edge control boxes is 
currently being prepared. 

22. 2 WING STRESS 

An investigation will begin shortly on the inner wing to outer wing joint. 
This will serve 1nainly to check the expected fatigue life of the structure in 
this area. 

22. 3 RADAR NOSE DESIGN 

22. 3. 1 RADAR NOSE DESIGN - ARROW 2 

Ballast will be required in the ARROW 2 radar nose when ASTRA I is not 
fitted. This will consist of 60 0 lbs. of lead blocks mounted on a vertical 
shear panel which will be designed to pic k up at the existing shock mount 
positions. An additional 300 lb ballast will be mounted on a slide rail 
between stations 67. 5 and 96. 24. D esign work on this item has been com­
pleted. 
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22. 3. 2 RADAR NOSE DESIGN - ARROW 1 

Present work on the radar nose concerns the provisioning for t~e _A STRA I 
e lectronic system in aircraft 25204 and 25205. Structural prov1s1ons for 
the system involve mainly the replacement of the ARROW 1 radome and 
radar nose structure with the corresponding ARROW 2 components. 

22. 4 RADAR NOSE STRESS 

Present work is concerned with the radome. A str ength t e st proposal has 
been receive d from the radome manufacturer and this is now being analyzed. 

22. 5 FRONT FUSELAGE DESIGN 

Venting holes have been provided in the top panel of the nose wheel well 
on aircraft 25204 and 25205. This prevents the pressure build up which 
formerly existed in the nose wheel well. 

22. 5. 1 FRONT FUSELAGE DESIGN - ARROW 2 

In the interest of saving space and weight, a new transparent material is 
being investigated for the windshield and canopy. This new material is 
Sierracin 880 with si e rracote demisting medium The material us e d at 
pr esent is glass with thermapane . 

An investigation is underway for the possible use of "Infaration" de -ic ing 
e quipment on the ramp and intakes of the ARROW 2. This equipment, which 
is approx im ately . 040 in. thick , 1s applied to the basic structure and fitted 
into the exist ing de-icing boot rebate. It is then covered with an . 040 inch 
a luminum sheet. 

The cockpit ducting and silencers of the ARROW 2 air conditioning system 
will be redes igne d to reduce the cockpit noise level. This change will be 
e ffected on aircraft 25206 and subsequent aircraft 

22. 6 FRONT FUSELAGE STRESS 

22. 6. 1 FRONT FUSELAGE STRESS - ARROW 1 

It was found that several bleed ho les in the top and bottom air intake r a mp 
fill e t were blanked off by the interior structure. An investigation was 
instituted to d e termine if the existing bleed hole pattern could b e improved, 
while m aint ainmg a satisfactory area and flow distribution for all flight 
speeds. An improvement has been accomplishe d by rearrangement of the 
holes. 

A cockpit limit and proof pre ssur e t est has b e en completed on the ARROW 1 
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static test aircraft. The tests were conducted at 4 psig , 5 . 7 5 p sig and finally 
7 . 66 psig , the pressure berng r educed to zero after eac h test. D eflections 
were m easured and str a ins recorded by a Kelk automatic strain recorder . 
Observations and inspections during and after the tests indicated that no struc -
tural deformation occurred. The test s showed an acceptable leak rate ( 1 7 cfm 
at 2 psig) and that the cockpit structure would satisfact orily withstand the proof 
pressure of 7. 66 psig. 

22. 7 CENTRE FUSELAGE DESIGN 

22. 7. 1 CENTRE FUSELAGE DESIGN - ARROW 1 and 2 

A design investigation on a plastic heat exchanger outlet duct has been com ­
pleted. S everal bonding materials were considered for the Fibreglass ducts; 
silicone resin, Narmco and phenolic resin (NA-91LD). The phenolic resin 
was cons idered to be the most suitable with regard to temperature require­
ments. The Metallur gical Department is developing the Fibreglass duct 
fabrication process employin g the phenolic resin. 

22. 8 CENTRE FUSELAGE STRESS 

22. 8. 1 CENTRE FUSELAGE STRESS - ARROW l 

Pressure and suction tests have been completed on the air conditioning sys­
tem transition duct (heat exchanger) to fan. The duct successfully withstood 
the limit pressure ( 15. 3 ps i.g) and limit suction ( -5 . 7 psig). A late r attempt 
was made to pressurize the duct to 30. 4 psig (twice limit pressure). Failure 
occurred at 3 0 psig due to buckling of the stiffeners. 

The pr e liminary load analysis is b ing completed for the weapon/instrument 

pack. 

The magnesium castings for the m i ssile extension gear have been tested, and 
in all cases, except one, t he casting classification has been raised from lC 
to lB. The test on the remaining casting (upper drag link) will be completed 

shortly. 

Heat exchanger outlet duct stressing has shown that a weight saving of 4 lJ. can 
be expected with the plastic duct compared to the ARROW 2 stainless steel 
duct. The decision to use the plastic duct will be m a de when the duct has been 
manufactured and tested. Manufacture on both the meta l and plastic ducts is 

now proceeding. 

22. 9 DUCT BAY DESIGN 

22. 9. l DUCT BAY DESlGN - ARROW l and ARROW 2 

All major d esign work has been completed on the duct bay. 
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22. 10 DUCT BAY STRESS 

22. 1 0. l DUCT BAY STRESS - ARROW 2 

An analysis was pre v iously conducte d to check the strength of the ARROW 2 
speed brake operation a t M = 2. A further investigation is now underway to 
check the integrity of t he spee d brakes and fuselag e structur e when missiles 
are fired with the spee d brake extend ed. The partial retraction of the speed 
brakes by electro-mechanical means, upon initiation of the missile firing 
signal, is being considered. 

22 . 11 ENGINE BAY DESIGN 

All major work has been completed on the engine bay . 

22. 12 ENGINE BAY STRESS 

Engine bay stressing is continuing and some minor investigations are under -
way. 

22. 13 REAR FUSELAGE DESIGN 

22 . 13. l REAR FUSELAGE DESIGN - ARROW l 

During drag chute jettisoning, the drag chute clevis has been damaging the 
fibre g lass fairing on the aft ramp of the drag chute stowage box. The 
redesign of this ramp fairing is being investigated. The fairing must e ithe r 
be be made capable of withstanding the clevis impact or be r e movable so that 
the dam age d fairing may readily be replaced. 

22. 13. 2 REAR FUSELAGE DESIGN - ARROW 2 

A jettisonable nozzle, to be inserted in the ejector nozzle, has been proposed 
for the ARROW 2 (Ref. para. 3. 3). It would c on s ist of an inner cylinder with 
sixteen longitudinal ribs spaced around the p eriphery with two circumferenti al 
rings a t the lo a d transfer points. The oute r skin would be s tr etch- for med in 
two pieces. 

An investigation has been completed on the prop o sed enlargem ent of the d rag 
chute box. T h is is in conjunction with the investi gation s of a large r and 
improved drag chut e (ref. para. 19. 2). 

22. 14 REAR FUSELAGE STRESS 

22 . 14. l REAR FUSELAGE STRESS - ARROW 2 

The addition of the jettisonable nozzle m entione d in para. 22. 13. 2 may r e qui re 
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strengthening of the rear fuselage which would result in a slight incre ase 1n 

weight. Stress work will begin when the loads have be e n established. 

22. 15 FIN AND RUDDER DESIGN - ARROW 1 and 2 

On 25209 and subseque nt aircraft, the fin leading edge will be modi fied to 
p ermit the rnstallation of an IR seeker, with its associated piping and wiring. 
The preliminary schemes for this installation have been completed and a 
trial installation will be made on aircraft 25202. 

22 . 16 FIN AND RUDDER STRESS - ARROW 1 

Combined fin and rudder deflection tests have been successfully completed. 
The test involved the application of 100% limit load. This produced a fin 
tip deflection of approximately 18 inches, at which time full rudder move ­
ment was applied. The rudder top hinge attachment f a iled under this c on­
dition. This was considered satisfactory, however, since in actual flight 
conditions, maximum fin deflecti on would not be associated with maximum 
rudder deflection. The test showed that the rudde r did not fail when deflected 
to a degree c onsistent with maximum fin deflection. 

Loads approaching the structural limits on the fin do not occur during normal 
fl i ght. In the event of failure of the normal damper mode yaw axis however, 
it was suspected that a hard-over rudder deflection could occur which would 
produce significant loads before the emergency damping system could come 
into operation. This condition has been investigated and found to be safe. 

22 . 17 LANDING GEAR - ARROW 1 and 2 

An investigation is being conducted rnto the possibility of incorporating a self 
a ligning bearing at the aircraft attachmen t fitting of the nose landing gear jack. 
The present landing gear jack attachment makes assembly d ifficult , and could 
induce bending in the jack piston rod, due to possible offset between the air -
c raft attachn1ent and the landing gear attachment fitting. 

22. 18 LANDING GEAR STRESS - ARROW 1 and 2 

Fat igue tests are continuing on the main landing gear. F atigue failure occurred 
on the back stay and a redesign is in work. 

22. 19 LONG RANGE TANK DESIGN 

Producti on drawings have been started on the metal version of the long r ange 

tank. 

22. 20 LONG RANGE TANK STRESS 

Schemes for the long range tank stress are currently being proces sed. 
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23. 0 MAINTENANCE AND RELIABILl TY 

23. I MAINTENANCE ENGINEERING 

During the p ast quarter, the efforts of the M aintenance Engmeering group 
have been mainly concentr ated on the P er sonnel Requirements D a ta (PRD) 
study, pre fl ight test coverage, the issuing of a ground e quipment list to 
support 37 aircraft, inspection schedules and maintenan e instructions. A 
re vise d list of the ground support equipment requir .d for t h e 37 aircraft 
program h as been prepared and will be issued in April. 

23. 2 PERSONNEL REQUIREMENTS DATA STUD Y 

AVRO has now received authority to procee d with the P ersonnel R e quire­
ments D a t a (PRD) study. Work is continuing on the revised concept and 
the completion date has been rescheduled to A pri l 1959 . In F e bruary, 
A VRO personne l working on th is study were supplemented by four membe rs 
o f the RCAF maintenance appraisal team. Seve ral meetings have been held 
between AVRO , RCA and Orenda represe ntatives t o discuss the scope of 
wor k invo l ve d in the PRD study as it affects associate d co ntr a ctors . 

23. 3 PRE -FLIGHT TEST CO VERAGE 

A twenty-four hour p re-flight cove r age of aircraft 252 0 1 continu e d . M a inten­
ance p ersonnel have made recommendations to the Pro du c t D e sign dep a rtment 
for improving the maintenance and accessibility aspec t s of the aircraft and 
its associated ground support e quipment . 

23. 4 INSPEC TION SCHEDULES 

A r evise d inspection schedule , consisting of pre-flight, post-flight, between 
flight and pr imary inspect10ns has been issue d by the Maintenance Engineer­
ing g r oup . An Appendix 'A', listing the special inspection requirements for 
aircraft 25201, is also included with the inspe c ion schedule. A r evise d 
periodic inspection schedule is currently in work. 

23. 5 INCIDENT INVESTIGATIONS 

One incident report has been prepan: d as a result of investigations conducte d 
by the Maintenance E ngineenng group. Inc , dent Report No. 1 covers inves­
tigations of the damage incurred when a for ign body entered the right -hand 
engine dur in g ground running. 

23. 6 RELIABILITY ENGINEERING 

The tot al number of qu ipment items requiring qualification •o r the ARROW 1 
increased from 927 to 965 m the past quarter. This was mainly due to the 
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addition of a booster system in the flying controls hydraulic system. Of the 
965 items, 578 have been fully qualified; 58 items being qualified during the 
past quarter. All items required for aircraft 25201 have been approved for 
the imtial flight program. Emphasis is now on improving the a pproval status 
for those items which have not yet received full qualification . 

A total of 924 ARROW 2 items require qualification. Of this total, 131 items 
are applicable only to the ARROW 2 and 79 3 items are common to both the 
ARROW 1 and 2. A total of 293 items have already received qualification, 
leaving a balance of 631 items to be qualified. 

In January 1958 the Equipment Design D epartment issued Report No. 71/ 
REL 00/1-2 (Qualification Status Airborne Equipment). Amendments No. 1 
and No . 2 to this report were issued in March. 

23. 7 RELIABILlTY ANALYSIS 

The Service Analysis covering the activity on aircraft 25201 have used the 
Reliability Analysis Group's Defect Report forms to record equipment reli­
ability problems in detail. These reports have been transferred to IBM 
punched cards, which can be sorted, printed or counted at high speed to 
facilitate the analysis of defect occurrence. The Reliability Engineering 
Group has investigated the more immediate reliability problems, and has 
called for design or manufacturing action where neces sary. The results of 
these investigations are included in the IBM records. 

In order to provide the essential background information, without which the 
significance of reported defects cannot be properly measured, a further 
reporting and recording system has been initiated during the quarter. This 
is the Utilization D ata project which aims at recording the different types of 
operating hours being accumulated by the various aircraft systems on the 
ground and in the air. It is intended to record the utilization of about 500 
types of serialized component per aircraft, taking account of their possible 
removal and replacement. The recording in this case will be on magnetic 
tape, by means of AVRO'S lBM 704 computer. 
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24. 0 GROUNDSUPPORTEQlliPMENT 

24. 1 GENERAL 

Although the essential ground support equipment for the first flight of the 
ARROW has been delivere d to the T est D epartme nt, six items remained 
outstanding to complete the equipment for the ARROW l, Engineering work 
has been completed on three of these items: the fuselage maintenance 
stand , engine exhaust cover and the portable boarding ladder. The J75 PS 
afterburner sling is still in ab eyance p ending information from Pratt & 
Whitney. A tool for opening the drag chute do or , and a J75 nose bullet 
extractor, were added to the equipment list, and have been comple ted. 

Drawings for the following items of ARROW 2 gr ound support e quipment 
have been completed during this qua rter: 

Air conditioning outlet cover 
Engine intake cover 
R adome cover and sling 
Rudde r and rudder control box sling 
Elevator sling an d armament pack tes stand 

The following items of ARROW 2 e quipment are in work: 

Missil e trailer/hoist , 
Iroquois engine change s tand 
Iroquois eng ine ·maintenance traile r, 
Iroquois engi ne change crane 
Iroquois radar m aintenance stand 

Engine ering is still outstanding on the following ite ms required for the 
ARROW 2 ground support equipment: 

Engine starting t ruck 
Power and air conditioning truck 
Armament harmoni zation stand 
W eapon pack test console 
Engine exhausts cover 
Auxiliary exter-r,.al fue 1 tank trailer 
Fuel t a nk test intercooler unit 

Aircraft component slings for: 

Aileron control box 
A ile rons 
Air conditioning pac k 
Tai le one 
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Main landing gear installation stand 
Nose landing gear installation stand 
Universal stand for removal of aileron and elevator 

contra l boxes 
Canopy locking actuator 
Main landing gear tie -down 

The requirement for rigging boards has been deleted. 

24. 2 MOBILE GROUND POWER UNITS 

Report No. 72/GEQ/l, (ARROW 2 Design Study of Mobile Ground Power 
Units) issued in December 1957, reviews in detail, both air and vapour 
cycle refrigeration systems. These systems are combined with an elec­
trical power generator, which might be considered for supporting the 
ARROW 2 electronic system during field maintenance or forward base read­
iness. The performance estimate of this equipment was based on the 
environmental conditions specified by the RCAF The RCAF reviewed the 
report recommendations and indicated that it preferred the air cycle 
equipment, because of its compact size and light weight. 

The RCAF has since relaxed the environmental conditions to bring them 
within the scope of the air cycle equipment, a n d deleted the requirement 
for cockpit air conditioning from the mobile gr ound equipment. AVRO has 
been requested t o review all the air cycle systems previously considered 
with respect to the revised conditions. Addendum l to Report No. 72/GEQ/l 
(ARROW 2 Design Study of Mobile Ground Power Units) is currently being 
prepared to meet these require:rnents and will be issued shortly. 
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25. 0 AIR BASE F AGILITIES 

25. 1 ARROW DEVELOPMENT AND DEMONSTRATION PROGRAM -
COLD LAKE 

In January 1958, R e port No. 72/GEQ/4 (P reliminary R e port on the Base 
Facilities Requir e d at RCAF Cold Lake for the ARROW Development and 
D em onstration Program) was issued to comply with the RCAF's request for 
p reliminary info rmation on the air base requirements to support the ARROW 
W eapon System. The information contained in the report is preliminary 
and subje ct to confirmation. 

25. 2 PROPOSED ALTERATIONS TO RCAF READINESS HANGARS 

In compliance with an RCAF request , Report No. 7 2/GEQ/6 (Comments on 
Propose d Alterations to RCAF R eadiness H angars) was issued in February 
1958. The report included comments on coolin g air supply, engine starting 
air duct , quick disconnect lanyards , maintenance control room construction 
and the specification for cooling air units 

25. 3 ARROW DEVELOPMENT PROGRAM - FACILITIES AT MALTON 

In February 1958, R e port No. 72/GEQ/5 (P roposed Special Equipment for 
ARROW 2 Development m AVRO Hangars), was issued. The report outlines 
the requir e ments for the support of ASTRA-equ1pped ARROW aircraft in the 
AVRO flight test hangars. The ground s e rvicing hangar facilities for the 
deve lopment of the aircraft and its ASTRA e lectronic system, requires the 
introduction of complex equipment .. 

The study is base d on a hypothetic.al hangar bay containing four aircraft and 
illustrates the facilities required for supporting ASTRA e quipped aircraft. 
The layout provides for optimum utilizat.ion of space and e quipm e nt . 

To service four aircraft, it i. s recommended that cooling air be supplied 
from a fixed installation, consisting of t w o electrically driven vapour com­
pression refrigeration system s . Each unit would supply two aircraft, and 
should be capable of supplying coo ling air at 260 lb/min at 55°F. The cool­
ing air supply would flow through a 14 inch d iameter duct beneath the hangar 
floor. From the duct , the air is distributed through a manifold connecte d 
to eight 45-foot lengths of flexibl e hose, thus completing the circuit to the 
aircraft. 

It is recommende d that the electrical power be supplied to the aircraft from 
mobile motor generators. The expected 1naximum load requirement with 
all aircraft services operating is 31. 5 KVA. However, it is recommended 
that a generator with a rated output of 37 to 40 KVA be specified to allo w for 
aircraft development. 
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ln a ddition to the a ircraft power supply, electrical power outle ts will be 
required at each aircraft position for 550V, 60 cycle, 3 phas e and 11 0V, 
60 cycle single phase, alternating current. 

25. 4 1st LINE MAINTENANCE AND TURNAROUND FACILITIES 

The RCAF requested that a report be prepared on the ARROW 2 first line 
maintenance and turna round facilities. This re p o r t, No. 72/GEQ/3 which 
will be issued in April, was incorrectly referred to as R eport No. 72/ GOPS/2 
in the previous quart erly report. 

The report outlines t he requirements for equipment , procedures, personnel 
and facilities for t urnaround and first line maintenance. The report als o 
reviews the ground servicing eq uipm ent for forward base ac tivities. 

A turnaround hangar consisting of four s eparat e bays is recommended for 
bases fr om which one squadron wi ll operate. A s i m i lar hangar with eight 
bays is recommended for two squadrons. R e fue ll ing, rearming, betwe en­
flight inspections and first flight m aintenance would be performed in this 
hangar. It is r ecommende d that the turnaround hangar be loca ted near the 
r eadiness facility to isolate high noise leve l activities from other areas of 
the base . 

The study indic ate s that the airframe inspection may be completed in a pprox­
im a t e ly 1 hour 5 minutes, and a primary inspection o f the ASTRA I sub­
syste ms may occupy 2 hours 4 0 minutes. The report further indic a t es that 
14 men will be required to complete a turnaround within 15 minutes a t a 
forward base, using mobile e quipment with no prepared facilities. The 
same numb er of personnel could compl ete two turnaround operations within 
15 minutes in a prepare d turnaround hangar. These figur es are pre liminary 
and are t o be confirmed by the P ersonnel Requirements Data Study. Esti­
mates are given of powe r requirements for turnaroun d and first line main­
tenance. Provision of emergen cy power supplies is essential. 

The advanta ge s of hydrant refue lling are m arginal with respect to pumping 
time, but this m e thod will be necessary t o supply c ool fuel , if flights above 
M ach 1. 5 are contemplated. T ests are requir e d to establish the fue l t emp­
e r a tures attainable in the fuel tanks while the aircraft are parke d in the open 
under tropical conditions , and while parked in hangars in the summer. T ests 
are a lso necessary to establish refuelling t anker and hydrant syst em delivery 
temperatures under similar c ircum stances, to de termine the necessity of 
fuel cooling . 

25. 5 CURRENT STUDIES 

T he following studies are currently being prepared by the ground suppor t 
eng ineering group : 
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(a) Iroquois engine run-up facility. 

(b) An evaluation of the Honeywell proposal for a fuel distribution t es t 
set, the results of which will form the basis for the preparation of a 
specification. 

(c) A design study on a mobile water replenishment unit. 

(d) A study of second line mainte nance facilities. 

(e) Power air condition unit. 

(f) Starter unit. 

( g) 

(h) 

(j ) 

Evaluate damper servo test rig. 

Revision of armament storage and test facility. 

Weapon pack test console (less electronics). 
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26. O WEAPON SYSTEMS TRAINER 

26. 1 AIRCRAFT SYSTEMS TRAINER 

A technical proposal for the ARROW 2 Aircraft Systems Trainer (AST) was 
submitted to the RCAF in January 1958 for consideration and approval. 

26. 2 GROUND EQUIPMENT TRAINER 

At the RCAF's request, AVRO are preparing a technical proposal for a 
Ground Equipment Trainer (GET). This proposal will be issued shortly. 

The purpose of the study is to propose to the RCAF , suitable facilities for 
training technicians who will be engaged in the servicing and maintenance 
of ARROW 2 aircraft. The method of presentation for the ground equipment 
trainer is similar to that used for the Aircraft Systems Trainer. 

Proposed methods of instruction include dynamic trainers, illuminated 
schematic panels , projection slides, and actual items of equipment. A 
comprehensive series of projection slides cover the majority of the ground 
e quipment training program. This method of presentation when used in 
conjunction with prepared lectures and engineering orders, illustrates the 
testing procedure to be followed. The following test panels are covered by 
means of projection slides : 

Air conditioning test panel 

Air conditioning and a-c generator test panel 
Windshield and canopy de-i cing test panel 
Fuel quantity indicator test panel 
Electrical power test panel 
Engine change equipment and towbar 

C e rtain items are considered unconventional and their operation requires a 
high level of instruction. In these cases, it is proposed to provide either 
actual ground servicing equipment as used in t h e field, or an illuminated 
schematic panel. Equipment in this category include, the hydraulic test 
stand and panel , the air /nitrogen compressor , and the Sparrow missile 
trailer /hoist. 

The engine starting system trainer is presented as an illuminated schematic 
diagram. This is de signed to illustrate the engine starting sequence and 
familiarize personnel with the control and operation of the ground starting 
unit. Although it is considered unnecessary to provide actual equipment, the 
operation of the unit is sufficiently complex to warrant a more practical 
training device then projection slides

0 

A table of electrical power requirements is include d in the proposal. 
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27. 0 STRUCTURAL GROUND TEST PROGRAM 

27. l INTROD UCTION 

The structural test program includes the testing to be unde rtaken on a com ­
plete ai rframe, and the testing of structural development components. In 
addition, the program includes detailed t ests to inve stigate fatigue life and 
high t e mp e ratur e properties, which will not be covered in the complete air -
frame tests. 

27 2 STATIC TESTING OF THE COMPLETE AIRCRAFT 

Limit and proof pressure tests of the 
factorily completed by mid-January. 
within the required limits. 

static test aircraft cockpit we re satis -
The leak rates were high, but were 

Cockpit pr essur e tests were followed by e j ection system t ests from the 
cockpits of the static t es t aircraft. A report on these •tests, is contained 
in para. 18. l (Escape System). 

Installation of the complete static test aircraft in the test rig b e gan on 5 
February 1958, although preparations had been in progress smce completion 
of the seat ejection tests in January. The installation of external strain 
gauges is continuing. Tension patches are being installed, using Bostik 
cement as the adhes ive. Tests have d e monstrated that Bostik satisfactorily 
resists the action of the Pella oil , which is used as the pressurizing med­
ium in the wing tanks during static t esting. Erection of the t e st rig upper 
structure is almost complete. The t esting of strain gauge circuits is pro­
ceeding. Additional test rig and instrume ntation drawings for the landing 
gear springback case and the rolling pullout ca se tests have b een com­
pleted, and drawings for subseque nt t ests are in work. Landing gear 
spring-back tests will be conducte d when the static test aircraft has been 
installed in the rig. 

Tests are being conducted to investigate the effects of time and e nvironment 
on strain gauges. These tests are of par ticular importance to the strain 
gauges designated for long term testing, and so far the results have been 

satisfactory. 

27. 3 TESTING OF MINOR COMPONENTS 

Structural strength testing of minor components has continued. All compon­
ent testing vital to the safety of the first flight was completed by the end of 
F e bruary. However, structural strength t esting of a wide range of com ­
ponents under loading conditions for the entire flight envelope is continuing . 
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27. 4 RU DDE R STIFFNESS AND LIMIT LOAD T EST 

The results of the limited rudde r strength and stiffness test program h ave 
been analyzed and issued to the T echnical Design d e partment. The r e main­
der of the program is held in abe yance pending completion of functional 

testing which r e quires the use of the same test rig. 

27. 5 COMPLETE AIRCRAFT VIBRATION TEST 

As note d in the previous Quarte rly T e chnical R epo rt, the fin character­
istics encountered during aircraft vibration t e sts did not agree with pr e vious 
theoretical analyses. The tests were repeate d in January with satisfactory 
results and ar e now considered complete. 

27. 6 COMBINED LOADING AND TRANSIENT HEATING OF WING BOX 

The wing box specimen, requir e d for the combined loading and transient 
heating t e sts has been completed. The installation of strain gaug es and 
associate d wiring is now in pro g r e ss. T est rig drawings have be e n com­
plete d and the rig is being manufactur e d. 

Investigation to d e termine the most suitable fluid for u se as a pr es surizing 
m e dium during thes e t ests have shown t hat Monsanto 'Aroclor' 1221 approx­
imates the the rmal transfer characteristics of JP - 4 fuel. Str e ss D epart­
m e nt approval is now b e ing sou ght to use Aroclor for these tests. 

27. 7 TE MPERAT URE DISTRIBUTION THROUGH TYPICAL STRUCTURAL 
SECTIONS 

The t e st program on typical joint sp ecimens has been completed and the 
r esults are n ow being evaluate d by the T echnical D esign d ep artment. Th e 
install a tion of strain gau ges on a small box spe cime n r ep r esenting t he 
forward fus e lage sid e skins and ducts, is p roc eeding. 

T esting will r e sume during Ap ril, after the erection of partitions to exclude 
drafts from t he t est area. 

27. 8 FATIGUE TESTS OF MODEL FUEL TANK NO. 4 

Sub se ~ue nt t o the un sati sfac to ry te sts repo r te d in the pr evi ous Quarter ly 
T echmcal R eport , the tank mode l was r e pair e d and m o difi e d. The se modi­
fications involved the strengthening of skins and stringers. T es t s w e r e 
conducted on the modifie d model, and t h e lowe r s tringe r s failed after a 
tota l of 1700 cyc ~e s of lo a d and pr e ssure. T his was still unsatisfactory 
and furthe r r e p a irs and modifications w e r e made t th · - o e spe c1men. 

Subse quent t e sting r e sulte d in failur es of the rib trusses and upp e r stringe rs 
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after approximately 2300 cycles. This is considered satisfactory for these 
parts, and repairs are now being made to allow the spars and skins to be 
fatigue tested up to the required 3000 cycles of load. 

27 . 9 ENGINE DOOR STRENGTH TEST 

The do o r specimen used in previous engine door strength tests was repaired 
and steel side plates provided for the door latches. Subseque nt t e sts on the 
latches proved satisfactory and no further testing is anticipated. 

27. 1 0 PANEL RESPONSE TO SOUND PRESSURE AND FREQUENCY 

Further tests have been conducted on representative panels from critical 
areas of the aircraft structure. Magnesium panels were developed as a 
result of pr evious testing, and have proved satisfactory. Tests on further 
magnesium side skin panels and a stainless ste el stringer panel will continue 
on a low priority basis, using a variety of test conditions. 

27. 11 FATIGUE TEST OF ELEVATOR LINKS 

As reported in the previous issue of the Quarterly Technical Report, the use 
of incorrect adaptor fittings resulted in failure of the elevator link test spec­
imens. The correct fittings w e re despatched to Krouse Testing Machines 
Inc., at Columbus, Ohio and the tests resumed. Failure of the first speci­
men occurred after 993, 000 cycles. This is considered satisfactory and 
tests are continuing on further specimens, to confirm the results obtained. 

27. 12 DEVELOPMENT OF HIGH TEMPERATURE STRUCTURAL TEST 
TECHNIQUES 

As part of a d evelopment program on high temperature structural testing 
techniques, the M etallurgical Laboratory has tested, at room temperature, 
a range of sheet metal specimens to which strain gauges has been cemented. 
The specimens w ere subjected to various adhesive curing cycles, and the 
optimum curing proc e dur e e stablished for strain gauge adhesives in con­
junction with certain materials. Some preliminary tests conducted on 
strain gauges cemented t o magnesium she e t have shown that, at e levated 
temperatures, the temperature compensating characteristics of the gauges 
were unsatisfactory. Furthe r work is being done to improve the gauge 
characteristics and cementing techniques. 

27. 13 BEARING RETENTION DEVELOPMENT 

Development te sting has continued on methods of retaining bearings in 
housings. Minor modifications to the roll swaging tool have dela yed testing 
of the last t en specimens, which will complete work on these tests . Testing 

will resume shortly. 
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27. 14 STRENGTH TESTS OF LANDING GEAR FRONT PIVOT BEARING 

M a nufacture of the test rig for landing gear front pivot bearing strength tests 
w as completed by mid-January and tests of the bearing to limit load were 
sta rted immediately. Loading was repeated several times, so tha t any p ro­
g ressive wear in the bearing could be observed. T e sting was completed by 
late February, and results were satisfactory. The amount of play which 
d e v e loped in the bearing was not exce ssive, and remaine d withi n the d e sign 

limits. 

27. 15 MODEL TEST OF WORM AND GEAR ENGINE MOUNT 

Initi al functionin g tests on the worm and gear engine mount r e sulted in 
damage to the parts and jamming of the gears. The mechanism was 
rede signed and furthe r tests proved satisfactory. The specime n was re­

allo cated t o a fat i gue t e s t prog ram. 

27. 16 ENGINE LIFTING MECHANISM FATIGUE TEST 

Engine lifting mechani sm fatigue te sts were conducted at Krou s e Te sting 
M a chines Inc. T he spec im en fa i led after 3715 cycles of limit l o ad had been 
a c hie v e d. This sati sfie d t he d e sign r e quirements . F ur t her s p ~c imens are 
to b e t e sted unde r vari ous loa d applications. 

27 . 17 PRESSURE TESTS OF TRANSITION DUCT (HEAT E XC H ANGE R TO 
TURBINE) 

Initial tests on the t r ansition duct reveal e d minor le a "- s i n the te s t r ig. These 
we r e reseale d, and the sp ecim en succ e s sfully w ithstoo d 15 0 % of ultima te 
design p re ssu r e, which w as con s i d e re d s a ti s fa c to ry. 

27. 18 PRESSURE TEST ON RAM AND FAN EXHAUST DUCT 

T he ram a nd fan exhaust duct was s ubjecte d t o p ressur e te sting with s ati s­
f a ctory results. This du ct ha s since bee n blanke d o ff into s m a lle r sections 
and is now b e ing pre ssure teste d ove r c r i ti cal regions. 

27 . 19 AILERON JACK FATIGUE TEST 

Dur ing p r epara ti ons fo r fatig u e test s o f the 
the j a ck a ttachme nt b lock was n e ce ss a r y. 
a re no w p r oce e d in g. 

aile r on j a c k, s om e r e working of 
T h is ha s bee n comple t e d a nd te s t s 

27. 2 0 ELEVATOR J ACK E XTE NSI ON FATIGUE T E ST 

F a tigu e t e st s on t he elevator j a ck ex t ension have been conducte d at K rou s e 
T e stin g M a chines Inc. The fi r s t specimen with s to d ove r 2. 2 mi ll i on 
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a pplications oft 17875 lb loading before failur e . The second specimen with­
stood m ore than 1. 5 million cycles of± 2145 0 loading, and the third speci­
men withstood 6600 0 cycles of application oft 5720 0 lb. loading. This was 
consi d e r e d satisfactory, and furthe r testing at AVRO h as been cancelled. 

27 . 21 BASIC INVESTIGATIONS INTO ACOUSTICAL FATIGUE OF 
STRUCTURES 

T est s have been conducted to investigate the aco usti cal fatigue o f structures. 
Six simpl e pane l spec imens have been teste d so far, and the results are being 
a nalyz e d . 

27. 22 ADDITIONAL TESTS ON INNER WING POSTED BOX 

A specimen representative of a c ritical area of the inne r wing box h as b een 
manufactur e d, and s tr ain gauges have now be e n installe d in the specimen. 
The t est rig is now b e ing prepared to rec e i ve the specimen a nd torsion and 
bending t ests will commence shortly, with the box unde r internal pr essure . 

27. 23 TRANSIENT HEATING TEST OF FORMER 469 (ARROW 2) 

Design of the specimen former a nd associated t esting required f <;>r tr ansient 
heating t ests of former 469, is proceeding. 

27. 24 PRESSURE TEST OF ARROW 2 ARTICULATED DUCT 

D e si gn of the test rig r e quir e d for pressure t ests of the ARROW 2 articulated 
duct is proceeding 
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28. 0 SYSTEM GROUND TEST PROGRAM 

28. 1 FUEL SYSTEM 

The ARROW fuel system t e st program has been revised an d wi ll now be con ­
ducted in appr oximately the following order : 

1. Changeove r to low pressure syste m 

2. 
ARROW 1 system tests with low pressure e quipment. 

3. Changeover to ARROW 2 fuel management syst m. 

4. ARROW 2 fuel management system tests . 

28 . 1. 1 TEST PROGRESS 

The high pressure system test program has been completed Tests to dete r -
mine the air release re q uirements for tank No 5 were completed, an d showed 
that they are q une small. Investtgatton into the loss of prime of a fu el trans -
fer pump is d i scusse d in para . 1 3. 2 . 1. 1. 

The changeover of the test rig to low pressure operation was completed in 
F ebruary. R e lief valve tests were conducte d and the re sults are now under 
examination. Refue lling tests on ta'lk No . 5 were comp l ete d and the results 
a re being analyze d. 

It was found that the air pressure regulating valves in.stall.ed both on the rig 
and on the aircraft , were regulating 1 psi too high, after the ma .imum 

allowable adjustm nt had beer, made. The spring from one valve was ground 
to reduce its length , and further t e sts confirme d that the valve woul d operate 
at th e pressure r {, quired The fuel pressure r egula .01 valves from the air -
craft were similarly moduied, and springs are now being manufactured for 
use in the valves on the test rig. 

T ests to develop a suitable air ejector for the fud collector tank are in 

abeyance pending a closer definition of requirements. Airworthiness ie sts 
on a P urolator fuel strainer have be en p erformed but the results have not 
been satisfactory . Exam1na t,on of th, ftl+er revca]E;d namag to the element , 
and the straine r has b'='t!n returr,e d to the rnanu[a< iurer for repairs. 

T ests have been conducted to assf~s the qualiHes c, r "0" ri.ngs used in fuel 
pipe flexible couplings. After the initial soaking in fuf 1, tbL. s a mpl e rnanu -
factured by P acific Moulded Prod1..cts becam'°' swollen. Tests of this sample 
in a Wiggins coup ling gave satislactor i results. However. on dismantlin g 
the co upling afte r tf,sting, some damage was reveakd Testing of "0" rings and coup ling s continue s. 
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28. 1. 2 FUEL SYSTEM PRE - FLIGHT TESTS 

As malfunction of the fuel bypass override control valve had occurred on 
the fuel system test rig, it was considered advisable to conduct further 
tests of the aircraft fuel bypass override system. The se t ests disclosed 
that the fuel bypass override system on the left-hand side of the aircraft 
was not operating correctly, due to a defective bypass valve The valve 
was repaired and further tests were satisfactory. 

28. 2 FLYING CONTROLS SYSTEM 

The main flying contro ls system test program consists of an evaluation of 
the complete flying control system from the cockpit controls to the control 
surfaces. T esting is further broke n down into individual t ests on hydrau­
lic and mechanical components. 

The program for the flying controls system testing has been re v ised a n d 
is now as follows: 

I. Complete development of the input system for the manua l m o de. 

2. Operation of controls with deflected hinge lines. 

3. 

4. 

5. 

D eve lopment of the stick force mode system. 

Impedance t e sts of the output system. 

Strength and stiffness tests of the output system. 

6. Frequency response tests with loaded surfaces. 

7. Simulated flight tests with loaded surfaces. 

8. Duty cycle testing. 

28. 2. l TEST PROGRESS 

28. 2. l. 1 Complete M echanical System T es t Rig 

In order to overcome excessive friction and damping forces in the flying 
contr o l system, it was found necessary to incorporate hydraulic boosters 
into the system. These wer e located in the cockpit and operated in the 
elevator and aileron control circuits. AVRO-designed dampers were 
installed on all actuato rs and a centring spring and rudde r cable tensioner 
units were installed. Frequency response tests were the n conducted to 
assess the system prior to flight simulation tests R e sults wer e s atis­
factory and the flyin g controls system was considered suitable for the fli ght 

simula tion tests to be performed. 
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Flying control system flight simulation tests were conducted without the 
d • t· Tests were performed with two engine, single engine, amper 1n opera 10n. . _ 

single system and single hydraulic pump o~erah~n. T~e damper simulator 
was then connected into the test rig, and flight simulation tests were con­
ducted with the yaw damper operative. Records from the flight simulation 
test programs are still being analyzed, but the pilots were satisfied that 
control of the aircraft could be safely maintained. 

Production type Waterlift boosters, complete with dampers, were installed 
in the test rig, replacing the prototype Waterlift boosters. Booster eval­
uation tests were completed on the aileron controls, and the new booster 
was considered satisfactory. 

Tests were conducted to investigate slipping in the aileron cable tension 
regulator quadrant, and to determine the extent of cable loading induced 
by sudden operation of the aileron control. Initial tests produced failure 
of a rig part simulating the control column base casting. Te sting was 
delayed while the part affected was repaired. The amount of slip observed 
during tests on the cable tension regulator quadrants was excessive, and 
the regulators were modified. Further tests are proceeding. 

28. 2. 2 AILERON CONTROL SYSTEM FUNCTIONAL TESTS 

High temperature tests were conducted on production type AVRO-designed 
dashpot dampers. Control surface oscillations were e ffectively eliminated 
at temperatures up to 250°F. 

Aileron function tests were then conducted with a bent aileron hinge line . 

Buckling of the aileron skin occurred when the hinge line was bent to 40% 
limit load deflection. It was decided to split the aileron approximately 
midway along its length be.fore further tests were conducted. Results from 
subsequent tests up to 50% limit load deflection were considered sufficiently 
satisfactory to grant limi·ed flight approval for the flying aircraft, whose 
ailerons wer e similarly split. This was justified because the test rig stiff­
ness was unrepr e sentative of aircraft stiffness It was considered that 50% 
limit load stresses in the rig mounted aileron were roughly e quivalent to 
l 00% stresses in the aircraft mounted surface . 

28. 2. 3 RUDDER CONTROL SYSTEM FUNCTIONAL TESTS 

T esting was conducted to establish the breakout forces of the feel units at 
the hinge moment limiter. With the nosewheel steering dis connecte d, rudder 
centring was within± 5/8°. Further tests with the nosewheel steering con­
nected showed roughness 1n the Operation of the c.ontrols. This was con­
sidered to b e due to wear in the gear and pinion of the nosewheel steering 
dis conne ct The steering d isconnect was replaced, an d found to d evelop 
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wear very rapidly, with consequent roughne ss in the rudder control again 
evident during tests. The nos e whee l stee ring disconnect is being redesigned 
and further tests will be conducted when the n e w unit becomes available. 

Rudde r operation tests with the hing e b eam in a d e flect e d condition resulte d 
in some hinge bracket attachment bolt failures. In addition, s eve re buck­
ling of the rudder trailing e dg e occurred and the rudder skin buckle d when 
the rudder was move d through approximately 13°, with the hinge b eam bent 
to 100% limit l o ad deflection . 

Repairs to the rudder are now procee ding, and further testing will be con­
ducted when the repairs have been completed. 

28. 2. 4 ELEVATOR CONTROL SYSTEM FUNCTIONAL TESTS 

The elevator t e sts were similar to those p e rforme d on the aileron. It was 
operated with the hinge beam de fle cted to 95% limit load d e flection. The 
specimen showed no sign of failur e , but the test was suspended at this point 
to re evaluate the rig strength, before procee ding to h igher loads. T esting 
will resume when the strain gauges have been installed on the t est rig. This 
will enable rig loads to be monitored whil e tests are in progress. 

28. 2. 5 HYDRAULIC CONNECTIONS FOR 4, 000 PSI 

Testing has continued in an effort to deve lop hydraulic connections capable 
of withstanding high t emperature flexural fatigue . Results from testing so 
far completed are now being ass e ssed, and the necessity for further tests 
is to be established. 

28. 2. 6 WIG-O-FLEX COUPLINGS FOR LOW PRESSURE HYDRAULICS 

Tests are nearing completion on a further range of specimens. 

28. 2. 7 RUDDER CONTROL VALVE 

A rudder valve was subjected to low t e mp e ratur e evaluation tests. Results 
were satisfactory and no further t ests are anticipated. 

28. 2. 8 FATIGUE TESTS OF AILERON AND RUDDER PRESSURE LINES 

Fatigue testing of various types of aileron and rudder pressure line speci­
mens has continue d. Failure of some stainless stee l specimens has 
occurred prematurely at 250, 000-350, 000 cycles, at a t e mperatur e of 250° F. 
Modification of the specimen configuration resulte d in failure at approxi­
mately 700,000 cycles. It has been found necessary to replace several rig 
parts, and it is felt that the rig wear r end e r e d the results of the latest t ests 
invalid . Furthe r specimens were ordered and subjected to t est on a rig 
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which is now more representative of the aircraft piping installation. Afte r 
achieving approximately l, 000, 000 cycles on the new specimens, the ri_g 
tests were suspended in favour of pressure cycling tests on U-shaped pipes, 
bent to critical radii. These tests are now in progress at the Weatherhead 
Co. In parallel with this latest program, tests are being m a de to de ter­
mine influence coefficients on actual aileron, elevator and rudder pressure 
and r eturn pipe assemblies. 

28. 3 AIR CONDITIONING SYSTEM 

The remaining test program for the ARROW a:r conditioning system now 
covers only the development testing of the temperature control system. 

28. 3 . 1 AIR CONDITIONING SYSTEM TESTS 

The ARROW 2 air conditioning system tests are now scheduled to start in 
mid-May. The test program is as follows; 

1. Start up and calibration. 

2. System trials and adjustments, and equipment evaluation at moderate 
inlet conditions, utilizing some restricted performance e quipment. 

3. Incorporation of fully operational equipment and ducting, and recal­
ibrations. 

4. Finalized system trials and adjustments, and e quipment evaluation 
over the full range of inlet conditions. 

28. 3. 2 TEST PROGRESS 

Tests on a pneumatic urbine outlet temperati~re control system were con­
ducted The results obtained were superior to those achieved with an elec­
trica l control system. The pneu.n1a+.1c temperature control svstern, rnanu­
facture d by AiResearch, was approved for installation in the air.::raft. 
However, further testing will be required before uni:imited approval can 
be given to this system. Tests on an AVRO-designed breadboard-tvpe 
cockpit temperature control unit gave satisfactory results. A prototype 
was manufactured based on the breadboard, but subsequent +e sts showed 
that it was too sensitive to voli:age and frequency fluctuations. The bread­
board cockpit ternperature controller was redesigned and fur1.her testing 
is in progress. 

For the first flights of the aircraft, a cockpit temperature controller, 
manufactured by Hamil ton Standard D i, is10n of Umted Airc raft Corporation 
was installed and approved for operation under limi;ed condi ~ions. 
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28. 3 . 3 COCKPIT ENVIRONMENT TESTS - ARROW 1 and ARROW 2 

Efforts to r e duce the noise l e v e l in the cockpit have continue d T e sts have 
been conducted on the test rig and m etal mock-up using muffle rs attache d 
to the outlet ducts. The s e are expecte d t o reduce the cockpit nois e l e v e l to 
an acceptabl e l evel. 

Pre liminary tests of the temp e rature distribution in the front and r e ar cock­
pits of the metal m o ck-up, disclos e d minor faults in the test arrangeme nts. 
The se have b een rectifi e d, but t e sting has been further delayed due to the 
n e c e ssity o f r e loc ating the m e tal mock-up. T e sts will be continued during 
April. 

28. 3. 4 LEAK DETECTION SYSTEM TEST 

T e sts of the single point and Walter Kidde continuous wire l e ak d e t e ction 
system prove d unsatisfactory. Orde rs have been plac e d for leak d e t e ction 
equipme nt manufactured by F e nwall Inc. and tests will begin on 1 May 
(s e e para. 10. 5). 

28. 4 ELECTRICAL SYSTEM 

A t e st program has been established for the ARROW 2 electrical system, 

as follows: 

1. Individual circuit operation tests . 

2. Voltage loss tests of loaded circuits. 

3. Simulated flight ope ration of circuits. 

4 . Powe r syste m tests. 

28. 4. 1 TEST PROGRESS 

The r emaining ele ctrical system pre - flight t e sts for the ARROW 1 were 
conducted during pre -flight t e sts on the utility hydraulics system and the 
flying controls syste m. The b e haviour of all electrical equipme nt was 

satisfactory. 

28. 4. 2 ELECTRICAL SYSTEM -ARROW 2 

Manufactur e of the breadboard and loadbanks is being comple t e d as the 

n e cessary equipment is received. 

28. 4. 3 ELECTRICAL BREADBOARD TEST OF ARMAMENT SYSTEM 

Tests w e r e c onducted on a br e adboard of the armament ele ctrical system. 
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This breadboard incorporate d a circuit which automatically j_ettisoned any 
• r· d • ·1 Tests on this breadboard were cancelled in favour of mis ir e missi e. . 

tests on a second armament electrical system breadboa_rd which ~l~owed . 
a choice between jettisoning and retaining a misfired missile. :niha: testmg 
of the second breadboard revealed some circuit faults, and testmg will 
resume when the necessary corrections have been made. 

28. 5 LANDING GEAR SYSTEM 

Separat e tests of the nose landing gear and of the l e ft-hand main landing 
gear without its associated door val ve have been completed. 

The r evised test program is as follows: 

1. Ri ght-hand main landing gear and door tests. 

2. Tests of full landing gear system with various flight case loadings. 

28. 5. l TEST PROGRESS 

28. 5. 1. l Nos e Landing G ear System Tests 

From experience gained during pre-flight testing on the aircraft, it was 
considere.d necessary to alter the nose wheel do o r sequence of operations. 
The nose landing gear test rig hydraulic piping and the electrical switching 
arrangement were modified to conform to the altered s e quence of operation. 
Functional tests were then conducted, and the system operated satisfactorily. 

Operation of the steering disconnect cable confirmed that its behaviour was 
satisfactory during nos e landing gea r actuation. Evidence of wear was dis­
covered on the steering disconnect gear and pinion (r e f. para. 28. 2. 3). 
Further t e sts performed on the nosewheel steering system showed that it 
is still possible to engage the nosewheel steering without first centring the 
rudder control. The selector valve has been removed from the test rig for 
examination. 

In view of the high friction forces evident in the nosewheel steering during 
rudd e r centring tests, and malfunction of the steering valve, consideration 
is being given to r e designing the system. 

28. 5. 2 MAIN LANDING GEAR 

As reported in the previous issue of the Quarterly T e chnical R epo rt, the 
retraction jack pick-up bracket bushing and the retraction jack h e ad end 
bearing required repairs b e fore further tests could be conducted. These 
repairs were completed and retractions of the main landing gear left-hand 
leg , under critical loading conditions, were completed satisfactorily. 
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Modifi c ation s to a dd a do o r a nd a s so cia t e d a ctuating g ear to the test r ig for ' 
the l e ft - han d main landin g gea r h ave b een c omplete d. Asse mbly of the 
door whiffletr ee i s a lmost comple t e . C onstruction of a test rig for the 
ri ght-hand m ain landing gear i s nearing c ompletion. This w i ll e nable full 
system t e sting to be unde rtaken u n d er variou s loadings a s s oon a s the main 
ge ar l e gs pr e s e ntly installed in the stat ic test ai r c r aft are ava ilable . How­
eve r, it is inte nde d t hat t he pre l im ina r y d oor operation te sts for various 
loads will pro cee d i n advance of the l eg installation. 

28. 5. 3 UTILITY HYDRAULICS S YSTEM PRE-FLIGHT TESTS 

Pre-fli ght t e sts on the uti lity h y d raulic s sy s tem were comple t e d by the end 
of F e bruary. T he s e included t e sts on the whee l brake s , and tests to 
demonstrate c or r ect fun ctioning of the l a nding ge a r for both normal and 
e m e rgency op e r ation. T he re sul ts were consi d e r e d sat isfactory, though 
it was note d that the land in g gear se le cto r did not lock in the emergency 
exte nsion position. 

28. 5. 4 MISCELLANEOUS SYSTEM TESTS 

28. 5. 4. l Assessme n t o f P re ssure Swit c h e s 

Assessmen t tests we r e conducted on pr e ssure s w itche s fr om thr ee diffe rent 
manufactur e rs: P arm a t ic, M a l e t r on a nd M a nni ng, M axw e ll and Moor e . 
R e sults showe d that the P armat ic a nd Male t ron s witc h e s op e rated beyond 
the sp e cifie d pr e ssu r e limits at all tem peratu re s. The switch manufactur ed 
b y Manning , M axwell and M oore operat e d b eyond the sp e cifie d pr e ssure 
l imits a t h igh t emperatures . D uring endur ance testing M e l e tron switc h 
casing fail e d. Efforts are continuing t o fi nd a switch tha t will m ee t the 
d e sign r e quirements unde r all operation cond itions. 

28. 5. 5 PRE-FLIGHT T EST S ON L OW PRE SSURE PNEUMATICS 

T e sts on the no seboom p itot static system we r e comple t e d in January. 
Canopy s eal t e s ts followed , and were comp l e te d satisfactorily i n February. 

28. 6 ESCAPE S YSTE M 

28. 6 . I PROGRAM 

The c anopy e m ergency op e ning and ejection seat tests from the cockpits of 
the sta tic t e s t air craft has been completed. A r r angements are be ing m a de 
to pr o c ee d with r ocket sled testing of the esca pe system. 

28. 6. 2 T E ST PROGR E SS 

S e at e j ection t e st s were conducted from the cockp its of the s t a t ic test aircraft 
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prior to it s installation in the t est rig (ref para. 18. 1) Film records 
indicated that the dummy's legs struck the instrument panel during ejection 
It was considered that the b ehaviour of the dummy seat occupant had not 
been entirely representative of that of a live occupant and this was con­
firmed by tests at the Royal Aircraft Establishment, conducted by the 
Martin-Baker Company. 

Tests were conducted to establish the damping constant of the canopy emer­
gency jack and recurpe rator The r e sults were considered satisfa'ctory . 

Arrangements are progressing to test the rear cockpit escape system on the 
first aircraft. 

FIG. 43 ESCAPE SYSTEM TESTS 

28 . 7 SPARROWMISfilLEPACKAGE 

The test program for the Sparrow missile package has been revised as 
follows: 

1. Launcher development testing. 

2. Single missile mechanism tests (production version). 

3. 

4. 

Complete package fun ctioning and firing t ests. 

Complete package strength and stiffness tests. 

28. 7. 1 TEST PROGRESS 

28. 7. 1. 1 Missile Package Door T ests 

The missile package door functional tests were conducted at ambient and hi gh 
temperatures. 500 cycles of operation were successfully achieved at each 
temperature. Functional tests at low temp eratures were interru ted while 
the cause of do or jamming was investigated. The door guide rolier s w e re 
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decreased in diameter and length, to give greater clearances . It was also 
apparent that the aluminum door drive levers were distorted. Steel levers 
were substituted, but the door jamming was still evident. Further inve s­
tigation revealed that the door actuating linkage was misaligned. Tests 
were suspended at this point, as even with the misalignments and jamming , 
the door had ope rated successfully up to 54 cycles at low temperatures. 

28. 7. 1. 2 Missile Exte nsion Mechanism Test 

The missile extension mechanism test rig is now being assembled. The 
design of the loading system has be e n completed, and assembly drawings 
have be e n issued. The comp ensating valves failed to operate satisfactorily 
and have been returned to the manufacturer for investigation. Missile 
extension mechanism tests will b e gin when the compensating valves have 
been returned. 

28. 7. 1. 3 Missile Installation Tests - ARROW 2 

The de sign of a test rig for functional and firing tests on the ARR OW 2 
missile installation has been completed. 

28. 7. 1. 4 Development Testing of Missile Launcher 

Initial firing tests of a dummy missile from a rail, representative of the 
launcher rail on the ARROW 2, resulted in damage to the rail and to the 
missile. Investigation showed that the test rig was misaligned. This was 
corrected, a new rail manufactured, and repairs to the missile were 
effected. Further firing tests were successful and are continuing. To date , 
over 50 firings have been achieved, but extensive damage has been caused to 
the anodized surface of the new launcher rail. This problem is unde r 
investigation. 

The assembly of the umbilical cord and e lectrical connector for the missile 
is nearing completion. Tests firings with the cord connected will b e under -

take n early in April. 

28. 7. 1. 5 Shear Pin Test 

Shear strength tests have continued on the shear pins used to r e tain the 
missile in its launching position. T e sts on production type pins have 
reve aled that their strength characteristics are too high. Investigations 
are now proceeding to design shear pins of a material with mor e suitable 
strength characte ristics, so that pin failure occurs within the required load 

limitations. 
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28 . 8 PRE-INSTALLATION TESTING OF BOUGHT - OUT EQUIPMENT 

P re - inst·
0

1lation functional t e sts of bought-out parts for the first five air­
craft have continued. T ests on thirty-one ite ms of e quipme nt were c om­
plete d, and nine items are continuing on te s t. 
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29 . 0 FLIGHT TESTING 

29. l PRE-FLIGHT TAXI TESTS 

Pre -flight taxi testing continued, to 
investigate the damper system oper­
ating and to assess the reliability of 
the drag chute at speeds up to 120 
kts. The speeds at which the nose 
of the aircraft lifts under influence 
of various elevator angles was also 
determined. 

After taxi test No. 15, the pilot 
reported depletion of the oxygen 
supply, and separate tests were 
made to investigate this condition. 
These tests were inconclusive as 
the system was found to operate 
satisfactorily, 

During the taxi trials, brake tests 
were conducted and brake temper -
atures recorded. The wheel rims 
were painted with Thermindex paint, 
which, by its changes in color, indi­
cated the temperature attained by the 
wheel rims during braking. 

The telemetry system was used 
during the taxi tests, so that the 
required parameters could be con­
tinuously monitored. Experience in 
the use of the telemetry was gained 
in preparation for flight testing. 

Drag chute tests showed that the 
chute would stream properly at l 00 
kts., and that use of the chute effec­
tively assisted the braking. With 
the drag chute deployed the aircraft 
braked to a standstill from l 00 kts 
in 3, l 00 feet without overheating the 
brakes and wheels. Without the drag 
chute, a distance of 4, 000 feet was 
required to stop the aircraft from 
the same speed. In this case, the 

~ • • ... 00 

FIG. 44 DRAG CHUTE TESTS 
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wheels and brakes overheated, and the tires burst on the right-hand main 

landing gear. 

The nose was found to lift at spe e ds from 115 kts and upwards, depending 

on the elevator trim. 

Damper system tests revealed that the yaw sensing latera_l acce_lero_meter 
was influenced by vibration in the airframe, initiated by fin osc1llah ..,ns. 
The consequent spurious yaw signals kept the rudder in a condition o f 
oscillation. The sensitivity of the damper sy stem was therefore re du ced 
in an effort to minimize the rudder oscillation. This was succe ssful, but 
was not considered acceptable for flying at speeds in exc e ss of 350 kts. 
Subsequent to the first flight, AVRO has been investigating this problem, 
and a filter circuit has been devised by AVRO which is to undergo t e sts 
shortly, when further taxi trials are conducted. 

29. 2 FIRST FLIGHT 

The first flight of the ARROW took place on 25 March 1958. During the 
31 minute flight, the aircraft was flown at speeds up to 250 kts, and at 
altitudes up to 11,000 fe e t. Take-off was accomplished with the damping 
system at off, but normal and em e rgency damping modes were tested 
during the flight. It must be noted that damping is only operative in the 
yaw axis of the aircraft at present. After operating the air brakes with the 
damping system in normal mode, the aircraft was landed with the damping 
system m normal engagement. During the flight no "up and locked" indi­
cations wer e displayed in the pilot's cockpit for either nose or main landing 
gear, due to the landing ge a r actuating system microswitches being 
incorrectly set. 

An air conditioning temp e rature contr oller failed in flight, causing only 
cold air to be supplied to the transforme r-r e ctifie r units and other elec ­
trical components. The pilot reported that the cockpit t emperature was 
comfortable throughout the flight. No cabin pressurization was required 
for this flight because of the low altitude s involved. The air conditioning 
turbine tachometer fail e d during the flight, 

Brake temperatures rose to 210°F during landi ng, which is considered 
satisfactory, and the brake s w e r e found to b e serviceable for further 
flights. Damage to the tir e s wa s confine d to bad tears at the base of the 
treads. This was considere d to have been caused by tir e scrubbing when 
the aircraft turned at the e nd of its landing run. 

During landing, the maximum vertical defle ction of the main landing gear 
was only 1 in. from the static defle ction. Landing weight of the aircraft 
was approximately 56, 000 lb. 
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Vibration of the aircraft was noticed by the pilot just after take -off and was 
found to be caused by the main landing gear doors buffeting when open. The 
vibration disappeared when the landing gear was retracted and the doors 
closed. The drag chute streamed successfully after touchdown, but the 
pilot chute and main canopy suffered damage when the chute collapsed during 
taxiing. 

The AN/ARC 34 UHF radio used in the aircraft displayed good transmitting 
and receiving qualities throughout the flight. 

The AN/APX-6A (!FF) installation was in operation during the flight . GCI 
Station Edgar reported that the ARROW responded to Mode 1 interrogations. 

Of the 28 parameters which it has be e n intended to record from the aircraft 
telemetry system, 20 w e re successfully monitored. 

29. 3 SECOND FLIGHT 

The second flight took place on I April, and was of 45 minutes duration. 

The object of the flight was to extend the pilot's preliminary assessment 
of the aircraft's handling qualities. Limiting altitude and speed for this 
flight wer e specified as 30,000 feet and Mach O. 95. 

Due to the failure of the nose landing gear door to retract, no attempt was 
made to fulfill the test requirements specified in the briefing. Instead, 
an assessment was made of the aircraft handling within the restrictions 
(250 knots) imposed by the open door. The efficiency of the cockpit press­
urization system was also assesse·d, up to an altitude of 30,000 feet. The 
landing gear indicator in the pilot's cockpit again failed to indicate up 
and locked. This was again caused by maladjustment of the microswitch. 

Faults that required post-flight investigation were: 

(i) An air conditioning warning indication at 25, 000 feet. 

( ii) The landing gear indication failure. 

(iii) Failure of the UHF transmitter ten minutes after take-off. 

,(iv) With the damper emergency mode engagement, there was I O of side -

slip to the right. 

The oxygen system operated satisfactorily during this flight, and oxygen con­

sumption was normal. 

Temperature conditions in critical regions around the e ngine shrouds did not 
exceed 240°F and this is considered satisfactory. 
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On servicing the fuel system after flight, a severe fuel leak was found in the 
line from tank No. l, at the pressure regulator valve. This leak was due to 
a damaged 11 0" ring in the valve connection, caused by misalignment of the 
line. This was rectified and a new "0" ring fitted. 

The air conditioning warning indication noted during flight was considered 
to be due to cycling of the cooling turbine. This has now been temporarily 
disconnected in an attempt to improve cockpit air conditioning conditions. 
The air turbine outlet temperature control system is to be replaced with 
a system utilizing an AiResearch pneumatic controller. 

The drag chute operated normally and sustained no damage during the 
landing and subsequent taxiing. The tires were again damaged by tire 
scrubbing on sharp turns during taxiing. The left-hand rear tire has been 
replaced. 

Sanborn recorders were set up to record 15 parameters during the flight. 
Two channels failed to operate. It was again found that directional control 
in flight was improved by use of the damper in either normal or emergency 
mode. 

29 . 4 FLIGHT TEST INSTRUMENTATION 

Design and installation of instrumentation for use in the taxi tests and flight 
tests continued. The telemetry system was in its operation prior to the 
flight testing. 

29. 4. 1 TELECOMMUNICATION AND NAVIGATION SYSTEM 

S e rvicing of the telecommunication trailer and its equipment has continued 
in readiness for further antenna testing. 

29. 4. 2 STRAIN GAUGE INSTRUMENTATION lN ARROW AlRCRAFT 

29.4.2. l Aircraft 25201 

A complete check of all strain gauges installed in aircraft 25201 revealed 
tha t ~pproximately thi~ty gauges had been damaged by personne l working on 
the aircraft. These will be replaced following the installation of the instru­
mentati_o~ wiring patch panel. R ewiring of the patch pane l, necessitated by 
the d ec1s10n to use smaller gauge wiring is in progress and will be com­
pleted by April. 

The installation of the transducers is approx1·mately 80(1/ l 
,o comp ete. 

l 

J 

J 
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29.4.2.2 Aircraft 25202 

Installation of strain gaug es in aircraft 25202 is comple te, but awaits 
inspection. 

Rewiring of the patch pane l is proce eding, and transducer installation is 
approximately 60% complete. 

29.4.2.3 Aircraft 25203 

Installation of all available gaug e s in aircraft 25203 has been completed. 
Furthe r installation is delayed, pending delivery of additional strain gauges. 

Transduc e r installation is approximate ly 40% complete. 

29. 4. 3 DATATAPE DEVELOPMENT TESTING FOR THE ARROW 

All compound modulation/frequency modulating units manufactured by 
Consolidated Engineering Corporation for use in conjunction with potenti­
ometer transducers have been modified to increase their effective input 
impedance. Some component failures have occurred in datatape units 
which had been subjected to several hours continuous service. This is 
symptomatic of components overheating, and cooling and ventilating of 
the datatape equipment is under investigation. Further investigations have 
been made into the operation of data tape equipment installed in a CF-100 
aircraft. The ground station decommutor was found to be operating satis­
factorily. Further experimentation with the airborne system confirmed 
that the signal pulse characteristics were improved by increasing the r e cord 
curr ent. The contacts in the commutator switches were polished to provide 
distortion-free output signals. Subsequent ground tests performed on the 
datatape equipment in the CF-100 gave good results. Flight tests, however, 
have prove d unsatisfactory and r e c o rds have been unintelligible. Further 
investigations of the datatap e syste m are necessary and the futur e test 
program is under r e view. 

29. 4. 4 GROUND STATION TELEMENTRY ARRANGEMENT 

The telemetry ground statio n has op e rated satisfactorily during the many 
system tests conducted during January and February. During the taxi trials 
conducted in March, the teleme try ground station was in operation, and 
monitoring of the instrumentation associated with the t e l e m etry system was 
satisfactory, with the exception of the inte lligenc e transmitted by the PW/ 
M/ ASCOP system. The FM/FM continuous transmission data was subj e ct 
to periodic fade during flight t e sts and furthe r i nve stigations of antenna 

location on the aircraft ar e progr e ssing. 

The commutated signals prove d unsatisfactory, and the future use of low 
l e vel commutated signals is unde r r e view. 
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29. 4. 5 DATA PROCESSING 

The Sanborn recorders in the r e adout room have been in continuous use during 
the past month. Their p e rformance has been s a t isfactory, though dam ag e to 
p e ns has resulted from the high fr e quency, large amplitude noise emanat ing 
from the telemetry receiver when no signal is present. Twenty pens were 
damaged, and safeguarding measures are under investigation. 

A n e w de sign of millisadic intervalomete r with a reduced sampling rate is 
being deve loped. Its purpose is to enabl e the most e conomical use of the IBM 
machines used for recording and sorting information gained during flight 
tests. 
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30. 0 SPECIFICATIONS ISSUED 

30. 1 MODEL SPECIFICATIONS 

No model specifications have been issued during the period covered by this 
r e port. 

30 . 2. AVROCAN SPECIFICATIONS 

To date, approximately 42.0 AVROCAN equipment specifications (s e ries 'E ') 
have been issued for the ARROW. An index of these specifications (A VRO 
ref. E. I. Gen. 489/193 dated 31 March 1958) has been issued to the RCAF. 
Additional AVROCAN specifications not included on the index, a re listed 
below. 

Specification No. Description 

M-16-2. Greas e, Aircraft -65 ° to+ 400 ° F 
Temperature Range 

P-3-3 Hard Anodizing, Aluminum Alloys 

P-I0-3 Application of Epoxy Base Primer 
and Enamel 

P-14-5 

P-14-6 

Processing of Iron Base Alloy 
(N-155) Sheets 

Processing of Chromium, Molybdenum 
Vanadium Stee l for Aircraft Parts 

30. 3 DESIGN CERTIFICATES 

71/PROJ/7/1 Design Certificate for Flig ht Trials 
of ARROW 1 - Aircraft Serial #2.52.0I 

Amendment # 1 

Amendment # 2. 

Amendment # 3 

Issued 

Mar . 19 58 

Mar . 1958 

Mar. 1958 

Mar. 1958 

Mar. 1958 

Feb. 1958 

Mar. 1958 

Mar. 1958 

Mar. 1958 
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31. O REPORTS lSSUED 

31. 1 PRELlMlNARY DESlGN PROPOSALS 

No preliminary design proposals were completed during the period covered 
by this report. 

31. 2 WElGHT AND BALANCE REPORTS 

Since weight and balance reports are issued monthly, as required by CAP 479, 
a further index of these reports will not be included in the Quarterly Technical 
Report. The following report was issued, but was not previously recorded. 

Report No. Description 

71 / WEIGHTS/l Weight Distribution for CF-105 

31. 3 WlND TUNNEL DATA 

Report No. Description 

71-2/W. TUNN / 3 Missile Crossplots - CAL Windtunnel Tests 
Feb. 1957 

71 / W. TUNN/ 6 

71/W. TUNN/ 7 

71 / W . TUNN/ 8 

71/W. TUNN/9 

Wind Sensor WT Tests (Data Reduction 
Feb 1958 - CAL 

Wind Sensor W T. Tests (Operations 
Log and lBM Data) Feb 1958 - CAL 

Wind Sensor WT Tests (Vane Calibration 
Log) Feb 1958 - CAL 

Wind Sensor WT Tests (Plots and 
Correction Data) Feb 1958 - CAL 

31. 4 PERFORMANCE REPORTS 

Report No. 

13 

72/PERF/13 

72/PERF/16 

Description 

Periodic Performance Report (ARROW 2) 

Performance for Employment in SAGE 

lmprovement of ARROW 2 Overload 
Range Mission 

lssued 

Feb. 1958 

lssued 

Jan. 1958 

Mar. 1958 

Mar. 1958 

Mar. 1958 

Mar. 1958 

Issued 

Jan. 1958 

F e b. 1958 

Mar. 1958 
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31. 5 STRUCTURAL STRENGTH TESTS 

No formal structural strength test reports have been issued during the period 
covered by this report. 

31 . 6 AIR CRAFT GROUND* AND FLIGHT TEST 

Report No . Description lssued 

72/FAR / 9 . 155 . 3 Instrumentation - Aircraft 25208 {ARROW 2} Jan . 1958 

71/FAR/10 Launching and Jettison Tests on ARROW 1 Jan. 1958 

71 / FAR / 12 

7 l / FAR / 13 

Photographic Coverage Required for Sparrow 
Lowering 

Reduction and Presentation of Flight Test 
D a ta for Stability Analysis 

Stability Derivatives from Steady State 
Tests 

* No Ground Test reports are available 

31. 7 FUNCTION TYPE TESTS 

Feb. 1958 

Feb. 1958 

Each item of equipment to an AVROCAN Specification will undergo qualifi­
cation testing . All functional type test data and qualification test reports for 
bought-out equipment will be indexed under AVRO drawing numbers and 

retained at AVRO. 

31. 8 VENDORS' REPORTS 

Vendors' reports on equipment supplied to AVRO, for use on ARROW air­
craft will be retained on file at AVRO . Their use will be required in the 
preparation of the equipment approval statement issued for each item of 
equipment p r ocurred to an AVROCAN specification . 

31. 9 ASTRA 1 SYSTEM 

A VRO has not compiled any formal reports relative to the ASTRA 1 System . 

31. 10 STRESS ANALYSIS REPORTS 

Report No. ls sue Descri'ption ls sued 

7.0500/27 Rigid Wing Landing Case Loads Jan . 1958 
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Report No . Issue 

7/0500/34 

Description 

ARROW MK 1 & 2 - Aileron Fatigue Loading 
-Case27 . 7{a) 

Issued 

Jan. 1958 

7/0500/36 ARROW MK 1 - Jacking to Determine Wing Feb. 1958 
Deflections 

7 / 0500 / 38 2 Sparrow 2 Missile Pack - Stress Office Test Mar. 1958 

7/0554/38 

7/0554/42 

7/0556/20 

7 / 0558/66 

7 / 0559 / 11 

7/0562/17 

7/0562/18 

7/0583/1 

7/0584/7 

7/0591/3 

3 

2 

31.11 SYSTEMS 

Report No. 

R eq ui rement 

Former & Bottom Longeron Analysis Due to 
Pressure Loading in Missile 

Expected Stresses - Test Former Under 
Load 

Manufacturing Joint at Station 485 

Side Skin - Station 485 to 742 

Rear Fuselage Rudder Dorsal Fairing 
Stress 

Outer Trailing Edge 

Front Spar & Leading Edge - Inner Wing 

Fin Stringe r Post - Test Box 

Tension Field Analysis of Deflection 
Rudder 

Nose Landing Gear Doo r 

Description 

70/SYSTEM 11/93 Electrical System - Loads and Controls 

70/SYSTEM 13/84 Assessment of the Simple Stable Platform 

70/ SYSTEM 13/J.01 ARROW Model Antenna - Pattern Tests 

70 / SYSTEM 13/ 109 Antenna Work on the ARROW by Sinclair 
Radio Ltd. 

Feb. 1958 

Jan. 1958 

Mar. 1958 

Mar. 1958 

Mar. 1958 

Feb. 1958 

Feb. 1958 

Jan. 1958 

Jan. 1958 

Mar. 1958 

Issued 

Jan . 1958 

Feb. 1958 

Jan. 1958 

Feb. 1958 

- l 
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Report No . 

70/SYSTEM 13/11 7 

70/SYSTEM 13/131 

70/SYSTEM 19/ 85 

70/SYSTEM 24/43 

70/SYSTEM 24/89 

70/SYSTEM 24/90 

Description 

Sinclair Radio Ltd. Wo rk Schedule for 
March 1958 

Progress R e port for Sinclair Radio Ltd. 
from Jan. 16 to M a r. 16, 1958 

Drainage of Aircraft Hydraulic Syste m 

D e velopment Program for the Cr e w 
Escape Syste m in ARROW Aircraft 

Theory of Tr a j ectori e s of Ejected 
Bodies and Conditions for Seat 
R equir e m ents t o Miss the Aircraft 
Fin 

Study of the Thrust Required to K eep 
D e c e le ration of Flying Bodie s. Such 
as Ejected Seats Within Prede t e rmine d 
Limits 

70/SYSTEM 24/125 Appraisal of the Existing ARROW 
Escape Syste m 

71/SYSTEM 13/91 

71/SYSTEM 13/97 

71/SYSTEM 13/99 

71/SYSTEM 13/100 

71/SYSTEM 13/102 

71/SYSTEM 13/113 

71/SYSTEM 13/121 

71/SYSTEM 15/94 

UHF Ante nna C ove rage - A / C 25201 

The AiResearch qc Actuator Syste m 

T e mporary Solution to the Proble ms 
Encounte r e d on the ARROW Simulator 

Simulator Flying Controls 

Modification to Sche duling Servo 
Amplifie rs 

Post-Insta llation Chec k S etting-up 
Proc e dur e of the qc Actuator 

Post-lnstallation Chec k of ARROW 
Ante nna for A / C #25206, 25207, 
25208 & 25211 

D evelopm ent of the Valve Control 
Dampers 

ls sued 

F e b. 1958 

Mar . 1958 

Jan. 1958 

F e b. 1958 

F e b. 1958 

Jan. 1958 

Mar. 1958 

Jan. 1958 

Jan . 1958 

Jan. 1958 

Jan. 1958 

J a n 1958 

F e b . 1958 

Mar. 1958 

Jan . 1958 

173 
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Report No . Description 

71/SYSTEM 15 / 106 qc Actuator System Problems 

7 I/SYSTEM 15 / 108 State of the B-1 Rig at Flight 
Simulation on 23 Jan 1958 

71/SYSTEM 15/114 Aileron Support with Hydraulics Off 

71/SYSTEM 15/115 Pre-flight Flying Control Check on 
A / C 25201 

71/SYSTEM 15 / 116 Rudder Centring 

71/SYSTEM 15 / 118 Pre-Installation Tests on AVRO qc 
System 

71 / SYSTEM 15/ 119 Control Cable Friction Test 

71/SYSTEM 15/ 120 Report on Nose Wheel Steering Valve 
lnve st igation 

71/SYSTEM 16/57 

71/SYSTEM 16/9 8 

71 /SYSTEM 18/9 2 

71 / SYSTEM 19/8 1 

71 /SYSTEM 19 /86 

Bo o ster Pump Adequacy in 19 psi 
Fuel System 

First Aircraft Fuel System Flight 
Lim itations 

Low Pressure Pneumatics 

Nose Landing Gear R etraction 
Res trictor 

Nose Landing Gear Door - Closing 
Scheme 

71 /SYSTEM 19 / 104 ARROW Braking Equipment & 
Performance 

71 -2/SYSTEM 19 / 129 Anti-skid Insta llation 

71-2/SYSTEM 19/ 124 Nose Gear Door Jack - Pressure 
Investigation 

71/SYSTEM 22/133 T emperat ur e Setting of Turbine 
Outlet Limiting Regulator 

ls sued 

Mar. 1958 

Mar. 1958 

Feb . 1958 

Feb . 1958 

Mar. 1958 

Feb . 1958 

Feb. 1958 

Mar . 1958 

Jan. 1958 

Jan . 1958 

Jan. 1958 

Jan . 1958 

Jan 1958 

Feb. 1958 

Mar. 1958 

Mar . 1958 

Mar . 1958 
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Report No. Description Issued 

71/SYSTEM 25/123 Engine and Accessory Oil System Mar . 1958 

-I l 
Production 

71/SYSTEM 26/78 Redesigned Missile System for Jan. 1958 

:I l 
Aircraft 25203 

71 /SYSTEM 32/96 Flying Control Booster Schematic J an. 1958 - 1 72/SYSTEM 13/95 Power Switching and Launch Control Feb . 1958 

l 72/SYSTEM 13/121 Post Installation Check of Antenna Mar . 1958 
System for Aircraft 25206 , 25207, 
25208 & 25211 

72/SYSTEM 13/134 Weapon System Evaluation - ARROW Mar . 1958 

=-1 72/SYSTEM 15 / 135 Simplification of Elevator and Aileron Mar. 1958 
Booster Circuits 

~1 72/SYSTEM 15/138 Damper System Reliability Requirements Mar . 1958 

~l 
72/SYSTEM 19/80 Dual Pressure Range Pumps Jan. 1958 

72/SYSTEM 19/122 Re closable Nose Undercarriage Door Mar . 1958 

- ] 72/SYSTEM 19/136 Missile/Instrument Pack Schematic Mar. 1958 

J 72/SYSTEM 22 / 49 Piping Schematic Cooling Air - Constant Jan. 1958 

- J Speed Drive and Accessories Gear Box 

_.... 

J 
72/SYSTEM 22/127 Requirements for ARROW 2 Cockpit Mar. 1958 

Temperature Control 

_.... 
J 

72/SYSTEM 23/110 Extra Fire Protection System Feb. 1958 

72/SYSTEM 23/128 Fire Extinguishing System, Functional Mar . 1958 

~ 

J 
Test Procedure 

72/SYSTEM 26/105 Captive Flight - Sparrow 2 Missile Mar. 1958 

J 72/SYSTEM 26/112 ARROW 2 Performance Proposals Feb . 1958 

...L-] 72/SYSTEM 29/130 Constant Speed Drive - Separate Oil Mar. 1958 

System 

~- J 175 
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31 . 12 EQUIPMENT DESIGN - Airborne & Ground Equipment - Mainte nance, 
Reliability 

Report No . 

72 / GEQ / 2 

72 / GEQ / 5 

72/GEQ/6 

72 / GEQ / 7 

72 / GEQ / 8 

71/AIREO 00 / 1 

71 / QIREQ 15 / 1 

71 / AIREQ 23 / 1 

71 / AIREQ 25 / 1 

71 / AIERQ 25 /2 

71 / AIREQ 25 / 3 

71/AIREQ 25 / 4 

Des c r ipt ion Issued 

ARROW 2 Te chnical Proposal fo r Aircraft Jan . 1958 
Systems Tra ine r 

ARROW 2 Devel opme nt Program - Study 
of Electrical and Coo lin g A i r Flow 
Requirem e nts (Malton Facilit ies) 

ARROW ii - C omments on Proposed 
Alterat ions to RCAF Readiness 
Hangars 

A VRO Associa te Contractor Demon -
s t ration of ARROW 2 Ai rcraft 

ARROW 2 D e s ign Study on Engine 
Ground Run-up and Test in g 

ARROW 1 Pre ssure Checking Hydraulic 
System 

ARROW 1 Rep ort on T e sting qc Actuat o r 
System 

ARROW F ire P rotec t ion S uppl y Unit 

A P r oposed Metho d o f Controll in g 
Powe r Pla n t Equipment Design 
Cha n ges , and A cce s sory Uti l i zat ion 
T ime Cy cles 

Prelim in ary Operatin g Inst r uctions 
ARROW 1 J7 5- P 3 P o wer Plant 
Ins t a lla t io n (Aircraft 252 01 only) 

R e p rog r amm ing of En gi n e T e s tin g and 
Installa tion Ca l ibr ati on - Chec ks on 
P 3 a nd P 5 P ratt & Wh itney E n gines 

A R e qu ir e ment for the Mainte nance of 
ARROW 1 Eng ine I nstalla tions and 
A ssoc ia te d E qu ipment 

J a n. 1958 

Feb . 1958 

Mar . 1958 

Mar. 1958 

Mar . 1958 

Jan. 1958 

F e b . 1958 

F e b. 1958 

F e b . 1958 

Ma r. 1958 

Mar . 1958 

7 
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Report No . 

] 71/AIREQ 25/5 

72/AIREQ 13/6 

72/AIREQ 16/2 

72/AIREQ 95/1 

J 71/REL 00 /1 

J 71/REL 11/6 

J 

J 71/REL 11/7 

71/REL 11/8 

J 
71/REL 16/2 

J 71/REL 22/2 

71/REL 32/1 

71/MAINT 00/4 

.J 

Description 

Special Ma intenance Instructions - Daily 
and Per iodic Inspection Pre -flight -
Engine Performance Check ARROW 1 

Cockpit Instruments and Damper Equip­
ment (A/C 25206 , 25207 & 25208) 

Investigation of the Feasibility of 
Developing an Improved Fuel-N o -Air 
Valve 

ARROW 2 - Lucas-Rotax Pneumatic 
Starter, Power Plant 

ARROW 1 Qualification Status, Airborne 
Equipment (Amendment 2) 

Qualification Test History of CS-R-122 
Relay (10 amp . Class B Hermetically 
Sealed) Manufactured by U.S. Relay 
Co . Ltd . 

ARROW 1 - Report on Meeting Called 
by RCAF to Discuss the Alternator and 
Transformer Rectifier Unit 

ARROW 1 - Qualification Testing of 
Lucas - Rotax Ltd . Transformer -
Rectifier Units with Zener Diodes 

12 1/2 Hour Inspection of the Flow 
Proportioning Units Installed on 
ARROW 1 (A/C 25201) 

ARROW 1 - Vibration Test History 
Investigation at Barbour Colman Co . 
on A VRO Part No. 7-22 52-2 Air 
Conditioning 

ARROW 1 - Valve Minifold Delivery -
Flyi i1g Control Hydraulic System 

Camlock Fastener Summary 

Issued 

Mar. 1958 

Jan . 1958 

Mar . 1958 

Feb . 1958 

Feb. 1958 

Mar . 1958 

Mar . 1958 

Mar . 1958 

Feb. 1958 

Feb. 1958 

Feb . 1958 

Mar . 1958 

177 
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Report No. 

71/MAINT 13 /7 

71/MAINT 16/3 

Description 

Maintenance Instruction - Electronics 
Interphone System AN / AIC-10 

Maintenance Instruct ion - Refuelling 
and Defuelling - Fuel System 

31. 13 GENERAL TECHNICAL DESIGN 

Report No . Descr ipt i on 

72/INT AERO/8 W indmilling Buzz Boundaries 

71 -2/AERO DATA/6 Revis e d Rig id Rudder Derivatives in 
Body A xes 

72/AERO DATA/8 External Tank Drag 

72/ELASTICS/3 Rev iew of No ise Prob lem of ARROW 
A i rcraft 

GEN/ELASTICS/1 

70/STAB/l 5 

71/STAB/16 

7 l/STAB/17 

71/STAB/27 

72/STAB/26 

70/LOADS/6 

72/LOADS/10 

Compar i son with Test of A nalytically 
Derived Influence Coefficients, for a 
Straight Aspect Ratio Model Wing 

ARROW L ateral Dynamic Stability 

D igital Computation and Analysis of 
ARROW Lateral Response in 
Emergency Mode 

Dig ita l Computat ion a nd Analys i s of 
ARROW Longitudinal Response in 
Emer gency Mode 

Longitudinal Stab i lity of t he Elastic 
Aircraft 

Aerodynami c Effects of Underwing 
Fuel Tanks 

Pilots Canopy - Dynamic Loads 

Preliminary Load Analysis - Infra - Red 
Seeke r 

Issued 

Jan . 1958 

Jan . 1958 

Issued 

Mar. 1958 

Jan . 1958 

Mar. 1958 

Feb. 1958 

Feb. 1958 

Jan . 1958 

Feb . 1958 

Feb. 1958 

Mar . 1958 

Mar . 1958 

Feb . 1958 

Feb. 1958 

J 

J 

l 

J 

] 



17 

' 1 
l 

l l 
J 
J 

J 

J 
J 

J 

J 
_J 

AVRO AIRCRAFT LIM/TEO 

Report No. 

71/GEOM/l 

70/THERMO/7 

70/THERMO/20 

70/THERMO/22 

70/THERMO/25 

71/THERMO/4 

71/THERMO/5 

72/THERMO/6 

72/THERMO/12 

GEN/THERMO/1 

71/SIM UL/l 1 

71/SlMUL/13 

71/SlMUL/15 

72/TACTlCS/l 

Description 

Control System Kinematics 

E n gine Bay Cooling 

A Sample Analytical Solution for 
Temperature Response in an lnsulated 
Skin 

Calculation of Two-Dimensional 
Temperature and Thermal Stress, 
Distributions in Structures 

Summary of Investigations of 
Temperature and Thermal Stress 
Distributions 

Overload Air Bleeds 

Approach and Landing Transight 

Permament Engine Rail 

Determination of Heat Transfer 
Coefficients Over a Wing at Super­
sonic Speeds with Reference to 
Unequal Heating Rates of Upper and 
Lower Surfaces 

Effective Changes in Local Heat Trans­
fer Coefficient on the Total Heat Trans­
fer Co e fficient from Boundary Layer to . 

Fuel 

Evaluation of the Required lnstrument 
Responses for Flight Simulator 

Tests on S imulator Control System 

Check on the Yaw Damper Installed in 

A/C 25201 

A Preliminary Study of the Tactical 
Implications of Lowering Missiles 
Independently in Pairs 

ls sued 

Mar. 1958 

Feb. 1958 

Mar . 1958 

Feb. 1958 

Ma r . 1958 

Feb. 1958 

Feb. 1958 

Feb . 1958 

Feb. 1958 

Mar. 1958 

Jan . 1958 

Jan. 1958 

Feb . 1958 

Feb. 1958 
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Report No. 

72/TACTICS/ 3 

72/TACTlCS/5 

72/TACTlCS/7 

72/TACTlCS / 8 

Description 

Ca l culation of the Angular Firing Error 
from the Computed Miss Distance 

Preliminary Study of the Steering Gain 

Effect of Trim, Limit Conversion 
Manoeuvres on the Terminal Phase 
Capabilities of the ARROW When 
Operating Against Equal Speed Targets 

Notes on Digital Computer Programms 
for Tactical Evaluation of the ARROW 

31. 14 METALLURGICAL REPORTS 

Report No. 

M 4098 
Add Il 

M 4521 
Add 1 

M 4777 

M 4780 

M 4782 & 
M 4782 Add . I 

M 4788 

M 4790 

M 4808 

Description 

The evaluation of Epon 828 Resin with 
Various Reinforcing Materials as a 
Faying Surface Filler on Machined 
Aluminum Alloy Surfaces 

To establish a reinjection limit for 
PR 701 M Channel Sealant 

Tensile Properties of 2024-T81 
Sheet to T86 Stretch Formed Sheet 

The Effect of Shot Reening on the 
Fatigue Strength of EN30B and 7075 
Alloy 

Examination of Some AM350 Strips 
Dimpled in Sub-zero Cooled and 
Tempered Condition 

Correlation of Ultrasonic "Blip" 
Sizes with Fatigue Properties 
of 7075-T6 Aluminum Alloy Plate 

Examination of Vinson Hydraulic 
Valve Unit Vinson Part No. A 60240 

Strength of Welds in Cast ZH62 
Magnesium Alloy 

Issued 

Feb. 1958 

Feb. 1958 

Mar. 1958 

Mar . 1958 

ls sued 

Jan-Mar. 1958 

Jan-Mar . 1958 

Jan-Mar . 1958 

Jan-Mar . 1958 

Jan-Mar. 1958 

Jan-Mar. 1958 

Jan-Mar. 1958 

Jan-Mar. 1958 

'1 
I 
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17 Report No . Descr iption Issued 

I M 4825 Tensile Property Survey of Andra - J an-Mar. 1958 
formed Alclad 2024-T3 Aluminum 

~ 
I 

Sheet Panel After Aging to 2024-T81 

- M 4827 The Bond ing of Ramp N o . 1 De-icer Jan-Mar . 1958 
Boot, ARROW 1 for Qualification 
Test 

-
17 

M 4836 Examination of Third Stress Relieved J an-Mar . 1958 
7079-T65 Sample Hand Forging 
Supplied by Kaiser Aluminum Company 

-

I 7 M 4837 Examination of Hydraulic Com- Jan-Mar. 1958 
pensator on 1st ARROW Aircraft 

-
IJ M 4848 The Evaluation of Braided Glass Jan-Mar. 1958 

Sleeving as a Means of !denting 
-
I l 

Cables in Fuel Tanks 

M 4849 Correlation of Recovered Room Jan-Mar. 1958 

I J 
Temperature Tensile Properties 
with Exposure Time and Tempera-
ture for Alclad 7075-T6 Sheet 

LJ M 4858 Examination of CSI Stre ss Relieved Jan-Mar . 1958 
7079-T65 Sample Hand Forging 

I J M 4870 Elevated Temperature Shear Strength Jan-Mar . 1958 
of Silver Brazed J oints 

I J M 4871 Mechanical P r operties of MIL-S- Jan-Mar. 1958 
6721 Stainless Steel Butt Welds 

I M 4872 Effect of Stretching on the Tensile Jan-Mar. 1958 

J P r operties of 7075 Aluminum Alloy 
. 

l J 
Sheet and Extrusions 

M 4873 The Application of a Reactivation Jan-Mar. 1958 
. 

I Technique and a Method of Inspec -

J 
tion for the Bonding of ARROW 
De-icer Boots 

- LJ 
I 
J 181 
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M 4911 

M 4912 

M 4913 

M 4917 

M 4922 

M 4943 

M 4945 

M 4951 

M 4952 

M 4955 

M 4973 

Description ls sued 

A Comparative Evaluation of the Jan-Mar. 1958 
Heat Reflecting Properties of Polished 
Metallic Surfaces with Mat Black and 
Aluminum Pigmente d Silicone Painted 
Surfaces 

lnconsistency in lnspection Tensile Jan-Mar . 1958 
Results During P-8-1 Bonding 

Examination of Stretch Formed Jan-Mar. 1958 
Alclad 7075-T6. Part No. 
7-1059-6123 . 

The use of Dow Corning #4 Com- Jan-Mar . 1958 
pound in the lnstallation of "0" 
Sealing Rings 

Examination of Two Dimpled Parts Jan-Mar. 1958 
in N - 155 Alloy 

An Evaluation of Dow Corning S-2200 Jan-Mar. 1958 
Adhesive as a Heat Resisting Bond 
for Silastic Rubbers 

The Evaluation of Epon 422 and Jan-Mar . 1958 
Metlbond 302 as Metal to Metal 
Adhesive for temperatures up to 
1, 000°F 

The Evaluation of Sauersisen # 19 
and# 31 Cements as Gap Filling 
Compounds to Withstand + 530°F 
Temperatures 

Armco l 7-7PH Argon-Arc Welds 
Properties in Condition RH950 

Simplification of the 6-128, 6-127 
Adhesives Bonding Cycle for Silastic 
Rubbers 

Flexural Creep Tests on 2024-T81 
Sheet 

Jan-Mar . 1958 

Jan - Mar. 1 9 5 8 

Jan - Mar . 1 9 5 8 

J an - Mar . 1 9 5 8 




