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1. 0 INTRODUCTION 

1. 1 SCOPE OF REPORT 

This Quarterly Technical R epo rt on AVRO ARROW aircraft is the first in a 
series of such publications . It is compiled with the primary object of inform­
ing the Canadian Government of technical d eve lopment of the p roject during 
the report period. 

The report presents a description of work carried out and the ensuing 
results obtaine d in the design and deve lopment activities of the ARROW pro ­
ject. lt summarizes technical progress, changes and proble ms in all phases 
of the pro gram , during the report period . The text is divided into e ight 
major sections which c over a ll aspects of d esign, testing and d e v e lopment. 

Sin c e this is the first ARROW Quarter ly T ~ chnical Report to be issued, 
suggestions and recommendations for the improvement of the rep ort, in 
format or content, will be welcomed. 

1. 2 SUMMARY 

The ARROW is a hi g h altitude, supersonic interceptor of advanced design, 
being developed by AVRO Aircraft Limited, at Malton, Ontario to RCAF 
Specification AlR 7 - 4 issue 3 . 

There are two versions of the ARROW, the ARROW 1 powere d by two Pratt 
and Whitney J75 turbo jets and the ARROW 2 powere d by two Orenda Iriquois 
turbojets The ARROW 1 is not armed and will fulfill the role of a de velop­
ment vehicle leading to p ro duct ion of the fully operational ARROW 2, which 
will incorp orate Sparrow 2D air - to-air guided m issiles and the ASTRA I 
electronic system . Both aircraft have essentially the same basic c onfigura ­
tion, but the lT'Ore powerful e ngine s of the ARROW 2 give it superior per­
formance . 

The a ircraft is des i gned to operate at altitudes up to 60,000 feet and at speeds 
in excess o f Mach 1 . 5 wi t h a minimum combat ra d i us of action of 200 nautical 
miles and a time to 50, 000 feet of approximately 5 minutes from engine start. 
lt is characterize d by its hi g h wm g, d elta planform and gener a l cleanness of 
des i gn . 

P roduction of the fi rst ARROW 1 began early in 1955 and is now virtually 
complete. Manufac ture of ARROW 2 d etail s commenced 1n January of this 
yea r and is proceeding w i th increasing volume. A c onsiderable amount of 
d esign and t est work associated with the latter aircraft has, of course, been 
covered in c onnection wi th the ARROW 1 . 



] 
_J AVRO AIRCRAFT l/M/TED ► 1----------------------- A VR O ARROW 

- I 

l 

J 

J 

J 

J 

J 

J 

J 

J 

. I 

I 

1 . 3 DESCRIPTION OF ARROW 

1. 3. 1 ARROW 1 

The ARROW 1 is a development aircraft with the role of flight test vehicle 
leading to the p ro duction of the ARROW 2 . lt carries a cr e w of two, pil o t 
and flight o b server, in a press uri zed and air conditioned cockpit with two 
s p l it clam shell typ e canopies a nd a utomatic upward ejection seats. 

The general appearance is of a low aspect ratio, high wing, delta planform 
airc raft with 4 ° anhedral and 0 . 75% negative camber. Th e wing leading 
e d ges are notched, extended in the outer wing and droo ped . Th e tail uni t 
consists of a vertical fin and rudd er only, since no tailplane is r e quired with 
this configuration. Both lead m g and trailing e d ges ar e swept back . Are a 
rule theo1 y is mcorporate d in the aerodynamic shape of the aircraft. The 
fuselage is of rounded cross section from the nose probe to the engine air 
intakes whe re it evolves into a slab-side d , horizontally obl ong cros s- section, 
the front fus elage being slightly d rooped to improve forward vision . Two 
si de - by-side Pratt and Whitney J75 engines a 1e installed in the fuselag e with 
their air - mtake fairings commencing immediately aft of the pilot' s position . 
The engines are two - spool, axial flow turbojets with integral afterburners . 

The airframe i s an all rretal stressed-skin struc tur e and con s i s ts of eleven 
major sections, the radar n ose, front fuselage, centre iuselage, duct bay, 
engine bay, rear fuselage, inner a nd outer wings , elevator s, a il e rons, fin, 
rudd er and div e brakes. The e levators and ailer ons are hinged t o the wing 
trailing edge forrring part o f the wing area. The landing gea r is an e le c­
trically-controll e d , hydraulically ac tua t e d t ricycle type, with the main gear 
retracting inward and fo r ward into the inner wing a nd the s teerable nose gea r 
retract ing forwar d into the front fuse l age. 

Space in the radar nose an d w eapon bay is utiliz e d for t e st eqmpme nt a n d 
instrumentation to enabl e the aircraft to carry out i ts desi gnated role as a 
flight test vehicle. 

The landing gear, wheel brakes, nosewheel s teering and s pee d brakes are 
ac t uate d by a 4, 000 psi utility hydraulic syste m. A hy draulic supply is 
available for the m issile launching system, s hould i t be 1 e quir ed. Emer •• 
gency air release of the land ing gear is also avail a bl e. The fully powered 
and irreversible flying control surfaces are operated by a separate 4, 000 
psi hydraulic system comprising two completely inde p e ndent circuits . 

Fuel is ca r ried m mtegral w ing tanks and bl a dder - c ell typ e fuselage tanks. 

An automatic cabin pressurizati on, v entilation and temperature control sys­
t em is installe d which i s also used to c ool electromc a nd e lectrical equip 
ment in flight. The windshield, canopy, engine and e n gine air mtakes and 

5 
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critical instrument reference areas are provided with an anti - icing or de 
icing system . 

Oxygen for the use of the crew is stored in liquid form in quickly r e movable 
containers. 

Power for the aircraft's electrical system is provided by two engine-driven 
alternators with constant speed drives for alternating current and two trans -
former - rectifiers for conversion to direct current . 

A fire protection system, for detecting and extinguishing fires m the hyd­
raulics and engine bays, is also provided. 

1 . 3 . 2 ARROW 2 

The ARROW 2 is a supersonic interceptor aircraft capable of all weather, 
day or night operation and 1s the production version of the ARROW 1 pre ­
viously described. 

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 carrymg four Spar ow 2D missiles , installation of the ASTRA I 
electronic system and replacement of the J75 engines with the Orenda Iro ­
quois . 

The introduction of ASTRA I has necessitated certain cockpit alte ations, 
redesign of the radar nose and other equipment bays, and considerable mod ­
ification to the electrical and air conditioning systems . The use of Iroquois 
engines has resulted in changes to the inner w i ng structure, a i r-intake 
geometry, rear fuselage structur e, engine controls , engin e bay structure 
and the air condi tioning and pressurizati on system. 

The ARROW 2 incorporates cer tain other change s suggeste d by the RCAF 
or found to be desirable from resear ch and tests ca r ried out du r ing the 
ARROW 1 program . The windows m the rea r cockpit have been enlarge d 
and the windshield ram repe lling system deleted. The mechanical pro 
portioner type fuel system of the ARROW 1 has been replaced by an ele c­
trically controlled sequencing system and p r ovi s ion is made for a jettison 
able external fuel tank . 

9 
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1. 4 FIXED DIMENSIONS AND GENERAL DATA 

CHARACTERISTICS : ARROW 1 and ARROW 2 

Length of aircraft (excludi ng probe) R ef. 
line level 
Height of aircraft over highest portion of fin 
Ground angle Angle between aircraft re f . 
line and ground static line 
Tread of m a in wheels 
Wheel base 

'WINGS : 

Wing area (includin g ailerons, elevators and 
390. 5 s q . f t . of fuselage and not including 
28 . 63 sq . ft . of ext1 n ded leading edge). 

Span 
Chord - Root 

, Construction tip 
Mean Aerodynam ic Cho r d 
Airfoil section Inner wing profile NACA -
0003. 5 6-3. 7 (Modified) 

- Outer wing p r ofile NACA 
0003 . 5 - 6 - 3 7 Modi fied) 

NACA -
0003 8 - 6 - 3. 7 (Modified) 
Cambe r 
Incidence At r o ot 

- At construction tip 
Anhedral of chord plane 
Aspect ratio 
Taper ratio 
Thickness ratio - Parallel to <i, of aircraft 
Sweepback at 25% chord 

AILERONS · 

Aile r on area (aft of hinge line) -Total 
Span (each) 
Chord (average percent of wing cho r d) - Root 

- Tip 

ELEVATORS: 

Elevator area (aft of hinge line) - Total 

Span (each) 
Chord (average p er cent of wing chord) Root 

- Tip 

77 ft 9 . 65 in 
21 ft . 3 . 0 in 

4 . 55 degrees 
2 5 ft. 1. 56 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 m 

, 0075 (modified) 
Ze r o degrees 
Z ero degre es 
4 . 0 deg rees 
2 . 04 
0 . 0889 
3 . 5 and 3. 8% 
55 degrees 

66 . 55 sq . ft. 
10 ft. 0 . 0 in. 
25 . 735 
35 . 0 

109 . 90 sq . ft . 
10 ft . 2 . 0 in . 
14 . 109 
25. 735 

J 
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CHARACTERISTICS : 

Vertical tail area (mclud ing rudder) 
Span 
Cho r d - Root 

- Construction tip 
Mean Ae r odynamic chor d 
Airfoil section 
Sweep Back - Leadmg edge 

Aspect rati o 
Taper ratio 

- Trailing e d ge 
- 1/4 chor d 

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

ARROW 1 and ARFOW 2 

158. 79 sq . ft. 
12 ft . 10 . 5 in . 
19 ft . 0 . 9 m . 

5 ft. 8 . 0 in. 
13 ft . 6 . 4 1 in . 

NACA . 0004-6 - 3. 7 {modifi e d) 
59. 34 de grees 
33. 08 de grees 
55.0 

1. 04 
0 . 2 982 

4 . 0% 
38 . 17 sq. ft . 

9 ft. 11 . 0 m . 
- Chor d {average percent vertical fin chord) 30.0 

SPEED BRAKES: 

Speed brake area {2) - P rojecte d 
Span {each) 
Chord 

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

1. 5 C ONT R OL SURFACES AND CORRESPONDING CONTROL MOVEMENTS 

CHARACTERISTICS : 

Ailerons · Up and Down 
Elevators : Up 

Down 
Rudder· L e ft and R ight 
Speed Brakes 

ARROW l and ARROW 2 

Surfac e Move ment Control Move m e nt 

19 ° 
30 ° 
20 ° 
30° 
60° 

14. 2 0 ° 
14. 50 ° 

9 . 67 ° 
3. 2 5 in. 

11 
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2 . 0 WEIGHT AND CENTRE OF GRAVITY 

2 . 1 ARROW WEIGHT HISTORY 

Based on t he monthly statements of weight and balance, a brief review of the 
airplane weight progress is presented in chart form. Significant weight 
changes a r e noted by appropriate explanations on the charts. 

Figure 4 covers the pe r iod from the first recorded weight for the J 7 5 powered 
aircraft to the time when the decision was made to distinguish between the 
J75 powered test vehicles and the Iroquois powered operational aircraft . The 
" Ope rational W e ight Empty" is used in thi s chart since it is more representa ­
tive of airplane weight growth , Figure 5 gives the weight history of the first 
J75 powere d te 5t vehicle . Fi gure 6 gives the weight history for the operation­
al Iroquois powered aircraft. An elaboration of the reasons for the weight 
increases shown in Figure 6 is given in the following. 

For the p erio d F ebruary 1 to Ma rch 1 a weight increase of approximately 700 
lb. is show n fo r the normal combat r:rission gross weight. This is du e to an 
incre as e of no r mal combat mission fuel due to earlier revisions in the per ­
formance estimates for the aircraft . 

Durm g the period August 1 to September 1, the weight changes summarized 
below occurred· 

1 . R a dome · + 70 lb . 

Due to unsatisfactory electrical properti es, the filled honeycorr:b radome con •• 
struction has been replaced by heavier solid laminate construction . 

2 . F l oating Duct : + 65 lb. 

A pa r t of the engine air intake system, the weight for this item was orig i nally 
es t imat e d from prelimina ry schemes and drawings . Weight is now based on 
detailed design drawings . 

3. R ear Fuselage: + 170 lb . 

Revised weight es t imated for stinger and tailcone . Previous weight estimates 
we re based on an a ll-titanium tailcone structure. The r evised estimate 
assumes the use of Nl55 heat-resistant Co ~Ni-Cr-Fe alloy with titanium 
outer skin . 

4 . Engines· + 160 lb. 

Or enda 1s earlier estimate did not include inlet frames. 
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5 . Radar Syste m· + 125 lb . 

Revised weights from P CA have been incorporate d . In addition the IR tracker 
system and radar homer antenna, which had previously been deleted, are now 
reinstated as bas ic r equirements . 

Increase in O p erational Weight ,- empty sum of items 1 to 5 above :- 590 lb., 

6. Fuel · +ll0 lb . 

The fuel requirement for the normal combat mission has been increased to 
cate r for aircraft weight increases . 

Increase in Norm a l Combat Mission Gross Weight 700 lb. 

2 . 2 WEIGHT STATEME;NT 

A weight statement , based on the monthly Weight and Balance Reports (R e f. 
1 and 2) is given m Table 'A ' and Table 'B '. The definition of t e rms used 
in the table is given m pa ra. 2 . 9. 

2 . 3 ARROW 1 WEIGHTS 

TABLE A 

ARROW 1 • 1st Aircraft - Weight Summary 

Airframe 

Power P l ant 

Pr imary Systems and Services 

Ancillary Systems , Equipm ent and Provisions 

A v ionics 

Flight Test Provisions 

Flig ht Test Instrumentation 

BASIC WEIGHT 

Useful Load 

Ballast 

OPERATIONAL WEIGHT EMPTY 

21141 pounds 

13099 pounds 

5623 po unds 

1084 pounds 

782 pounds 

2011 p ounds 

3036 po unds 

46776 po unds 

983 pounds 

~ pounds 

48718 pounds 

17 
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ARROW 1 - 1st Aircraft - Weight Surrmary (Cont'd) 

Fuel Lo a d (Max. Internal) 

GROSS WEIGHT (MAX . INTERNAL FUEL) 

19843 p ounds 

68561 pounds 

The tabulated s urrmary of weights given in Table 'A' is for the first ARROW 
1 ai r c raft . W e ight of the second and subsequent aircraft in the series will 
differ, due to equipment changes and instrurnem.tation ihstallatiohs. 

The Basic W e i ght quot e d for the first aircraft is based on 69. 33% actual 
weights obtaine d from a c tual weighing of structural components and equip ­
ment . A wei ght penal t y of 203 pounds is included in the structural weight 
(ai rframe) w hich is due to material substitutions and concessions intro ­
duced by t he Production departments . Actual weighings of equipment com ­
ponents have shown a c onsistent weight increase of approximately 11 % over 
the vendor w e ight quotations . 

Preparati ons a re pr es ently under way for the first actual weighing of the 
airp l ane a n d a r eport on this is expected within the next quarter . 

2 . 4 ARROW 2 WEIGHTS 

TABLE B 

ARROW 2 - P r oduction. Aircraft 

Ai r frame 

Power P lant 

Prim a ry Systems a nd Servic e s 

Ancill a ry S ys t e ms , Equipment and Provisions 

A vionics 

Armament Provisions 

WE IGHT EMPTY 

Useful Loa d 

Ar m ame nt Load 

OPERATIONAL WE GHT EMPTY 

21448 pounds 

9705 p ounds 

5575 p o unds 

855 pounds 

2677 p ounds 

2050 pounds 

42310 pounds 

1123 pounds 

~ pounds 

45161 pounds 
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ARROW 2 - Production Aircraft (Cont ' d) 

Fuel Load (No rmal Combat Mission) 

GROSS WEIGHT (Normal Combat Mission) 

15940 pounds 

61101 pounds 

The tabulated summary of weights given in Table 'B' is for a fully operational 
ARROW 2 aircraft . It should be noted that the early ARROW 2 aircraft will be 
test vehicles, in which case this weight statement is not applicable . 

The wei ghts quoted here mclude the ARROW 1 weights which are applicable 
to the ARROW 2 aircraft . Hence, the weight quoted in this table is a com ­
bination of ac tual, calculated, estimated and vendor weights. The corres ­
ponding percentage breakdown is not presently available. 

2. 5 CENTRE OF -GRAVITY 

The centr e of g r avity of the aircraft for various flight conditions is given in 
graphical form in Figure 7 . The centre of gravity data corresponds with th e 
weights quoted in the weight statements of Table 'A' and Table 'B'. 

2. 6 ARROW 1 CENTRE OF GRAVITY 

The ARROW 1 aircraft is ballasted to limit the extreme aft flight centre of 
gravity (C. G.) to 31% of the Mean Aerodynamic Chord (MAC) . The C. G. 
env e lope shown in Figure 7 is based on the use of fuel proportioners which 
maintain a constant fuel C . G . , regardless of the quantity of fuel being 
carried. For the extreme aft C . G . condition, it has been assumed that the 
water for the air -conditi oning system and the alcohol for the intake de icmg 
system have been corrpletely consume d . 

2 . 7 ARROW 2 CENTRE OF GRAVITY 

A C . G. envelope for the ARROW 2 aircraft is not included here, since a fuel 
sequencing order has not as yet been established., Assuming the extreme 
forward C . G . occurs at the operational weight empty with the undercarriage 
retracted, and the extreme aft C . G . occurs at the operational weight empty, 
less missiles, with the undercarriage extended, the following is observed: 

Extreme forward C . G. 

Extreme aft C . G . 

27. 82% MAC 

30 . 04% MAC 

Since the C. G. of the maximum internal fuel load is approximately 30% of 
MAC, it is reasonable to assume that a fuel sequencing order which limits 
the airplane C. G. to the required limits of 28% MAC allowable forward limits 
of 28% MAC allowable forward lim it to 3 1% MAC allowable aft limit is pos­
sible, without resortin g to the use of ballast . 

25 
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2 . 8 WEIGHT AND CENTRE OF GRAVITY DEFINITIONS 

The terms as used in this report are defined in the following: 

2. 8. 1 AIRFRAME 

The basic a irplane s tr u ct ure consisting of the wing, body, and t ail group, 
t ogether with the ba sic landing gear structure including wheels, tires, 
doors and fairings . 

2. 8 . 2 POWER PLANT 

The basic powe r units a nd the ir accessories, cons is ting of afterburners, 
starters, gear boxes, and fairings integral with the e ngine . Mounting items 
such as braces and struts required to tie the engine to the airframe are 
included . 

2 . 8 . 3 PRIMARY SYSTEMS AND SERVICES 

All systems upon whose functioning the airframe and/or the power plant, are 
depende n t. This includes such sys tems as the flying controls, engine con ­
trols , fuel syste m, etc . Also include d are the major services such as air 
conditionmg a nd electrical supply, as well as the provisions for the extrac­
tion of auxiliary powe r from the engines. 

2 . 8 4 ANCILLARY SYSTEMS, EQUIPME NT AND PROVISIONS 

All minor systems which are es<>ential to the oper a tional requirements of the 
aircraft but the failure of which do not in any way affect the flying ability of 
the airplane under most normal flying conditions . Systems such as anti­
icing, fire extmguish1ng, pneumatics and oxygen are covered by this defini 
tion In a dditi on , services and provisions such as p ressurization, furnish 
ing s and instruments are covered by this group. 

2 . 8. 5 AVIONICS 

All electroni c equipment such as radio fo r communi cation, ra di o and radar 
for navigation, search and track radar, fire control syste m s, automatic 
flight control systems, and inte grate d systems . 

2 . 8 . 6 ARMAMENT PROVISIONS 

All provis ion s such as structur es, mechanisms, power, etc . , n ecessary to 
t h e a ccommo dation and functioning of the armament system . 

29 
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Z. 8. 7 WE IGHT EMPTY 

The sum of a ll the groups define d above, that is items 2 . 8 . 1 to 2 . 8 . 6 inclus ­
ive . This defini t i on of we i ght empty corresponds to the definition g iven in 
CAP 479, Part 3, Chapter 30 . 

Z. 8 . 8 USEFUL LOAD 

Crew and crew gear, residual fue l, and expendable fluids such as engine oil, 
de icing fluids, fire extinguishing fluids, and oxygen system charge . 

Useable fuel and expenda bl e a rmame nt a r e not included in t h is definition. 

Z. 8 . 9 ARMAME NT LOAD 

The expenda ble p orti on of the armament system ; the missiles in this pa rti ­
cular case. 

2 . 8 . 10 OPERATIONAL WEIGHT EMPTY 

The sum of the weight empty, ope rat ing l oad and armament load . 

Z . 8 . 11 FUEL LOAD 

The u s eabl e fuel availabl e for a specified m is s i on . The f uel load i s usually 
q ualified,fo r exa mple ; normal combat mis sion fue l , maxi mum internal fuel~ 
etc . 

Z. 8 . 1 Z GROSS WE IGHT 

The sum of the operat10nal we i ght empty and the fuel load. G r os s we i ght 
should be qualifi ed in the same manne r as fuel load. 

Z. 8 . 13 FLIGHT TEST PROVISIONS 

The fixed insta llations for fli ght test instrumentation, and the ins t rument 
pack st ruct ure. 

2. 8 . 14 FLIGHT TEST INSTRUMENTAT ION 

The spe cial inst rumentati on within the removable instrument pack. 

Z . 8 . 15 BASIC WEIGHT 

The gross weight l ess the us eabl e fuel and the operating load . This de fi n i tion 
corresponds to the definitions g iven in the model specifications fo r ARROW 1 
and ARROW Z a ir c raft . 
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3 . 0 PERFORMANCE 

Perfo r manc e characteristics, fo r both the ARROW 1 and ARROW 2, ar e at 
present being revised. This rev isi on, scheduled for iss ue in November 1951 , 
is a result of new propulsion data now available to AVRO on the J75 and 
Iroquois engi nes. (See para . 3. 1). Since the p r esent perfor mance charact er ­
istics released i n December 1956 are now out of date they wi ll not be included 
in this issue. The next ARROW Quarterly T echnical Report will, how eve r, 
present a com plete discussion of t he new performance characteristics . 

3 . 1 PROPULSIO N 

(a) ARROW 1 - J75 Engmes 

Installed engine pe rformance characteristics are at present be ing revised. 

Ejector characteristics determined experimentally at the Orenda Nobel Te st 
Facility have necessitated a detailed r e - estimate of installe d thrust. These 
characteristics confirm the perfor m ance prediction of pumping and thrust 
propertie s for both fixed cylindrical and divergent ej e ctor geometries as 
finalized for the J75 and Iroquois engine mstallations . This work is being 
done ·for a 39-inch d iverg ent ejector, to a limited extent, and a 45-inch 
dive rgent ejector . No figures have been published up to time of printing . 

(b) ARR OW 2 - I roquoi s S eries 2 Engines 

A s described above for the ARROW 1 , the installed engine performance 
c haracteristics are at pres e nt being revised . This w ill be the first detailed 
thrust estimate for the Iroq uois Series 2 us ing Orenda non-dimensional per ­
forman ce data . The se figures will not be available until afte r prmti ng of 
this report . 

3. 2 TACTICA L EVALUATION 

A tactical evaluation group ha s r ecently been organized w ithin the Technical 
De sign department of AVRO 's Engineering Divi sion. The objectives of this 
group are the evaluation of the ARROW as a weapon system and the initiation 
and examination of proposals for its developm ent and i mprovement as such. 
Where improvements in systems outside company control are considered, 
inve stigations are c ar ried out with a view to examini n g their i n fluence on 
the development of the aircraft. At the present time work is being done in 
thr ee sections: operation in the midcourse phas e , eval uation studies of 
the terminal phase and studies of area defen ce capabilities. 

3 . 3 MIDCOURSE P HASE ST UDIES 

A sp ecification is being wr itten for the complete simulation of the air craft's 
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operation m the SAGE (Semi-Automatic Ground Envi ronment) system . In 
addition to the air craft performance other factors such as radar erro r s and 
noise, blip / scan ratio, tracking and data smoothing delays will be included 
for as accu1ate simulation as possible . The actual sequence of operation of 
the SAGE system will be represented as nearly as poss i ble . Programming 
for parts of the simulation, to be car ried out on the IBM 704 comp u er , has 
started and some results should be available by the end of the year . 

3 . 4 TERMINAL PHASE STUDIES 

Mechanizations are cur r ently being set up for both anal og and dig i tal com -
puter solutions of the fire control problem and the evaluation of po sitiomng 
probabilitie s in the terminal phase of combat. To obtain an appre ciation o f 
such quantities as radar r ange requirements, optimum aspect of attack and 
duration in the firing zone , several small scal e studies have been carried out 
using desk calculation methods. These meth ou s ..ir e ..t l so 1 eing s ed to inv- s t,g-tc 
a combined lead collision/lead pur suit mode ot attack. A study of fuel requi1 e 
rrents in the combat phase of an interception has been made fo r the p urpo se 
of isolating the parameters of fuel managewent , however, results have been 
somewhat inconclusive . 

3. 5 AREA DEFENCE STUDIES 

An investigation has been sta:::-ted to determme the capabilities of the ARROW 
m the defence of No r th Amer ic;i.. At present only operation w ithin the SAGE 
system is being examined; but, various s ggestions for the improvement of 
the close control rada r facilities are being considered . Studies w ill shortly 
be extended to include ope ration on b roadcast control, a d ope11ation on A . I. 
(airbo rne interception) search, with a minimum of ground support . 
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4 . 0 STABILITY AND CONTROL 

Stabil ity augmentation was shown to be necessary follow ing the analysis of 
wind tunnel tests made during early design stages . T hese tests indicated 
that natural damping alone was not capable of providing flying character ­
istics compatible with the role of the aircraft . For thi s reason, electronic 
equipment has been developed and integrated with the flying controls to 
provide the " damper system". This system has been developed, fo r the 
most part, by the Minneapolis - Honeywell Regulator Company . The dampe r 
system block diagrams and gain schedules have been established and final ­
ized . The greatest part of the remaining wo r k lies in the testing and dynamic 
analysis of the system. 

Rudder monitor trouble ha s been experienced since a configuration to cope 
with a ll conditions of flight had not previously been finalized. Certam modi ­
fications have now been made and further development is in prog r es s. The 
final unit will p rovide protection against malfuncti on of the system by switch ­
ing over to emergency whenever transverse accele ration or sideslip approaches 
structural integrity limits . The s w itching mechanism will operate on all three 
axes e . g . whenever normal mode in the rudder axis fails the monitor will 
switch not onl y the rudder axis to emergency but the remaining two as well . 
An interim version of the monit or will be installed in the first aircraft if 
available . 

The idea of the rudde r monitor operation is based on either one of two trans -
verse ac c elerometors and a sideshp switch . ln the two ac c elerometer c on ­
figuration one accelerometer (des i gnat ed A 13l is located at 13 feet forwar d 
from centre of gravit y; the other (termed A40) is 40 fe et fo r ward from 
c ent re of gravity . The acce lerometers are se t to open at . 25 g and . 40 
' g' re s pe c tively. The circuit connections a1 e as shown in F igure 8 . 

Switching to emergency will oc cur only when both accelerometers register 
a c celerations larger or equal to values shown above, providi ng that both act 
in the same di rection . Such a combination of accele ration s is pos s ible only 
in the case of rudder runawaY,i because in co - ordinated rolling manoeuvre s 
accelerations w i ll have opposite signs . ln fact A 13 detects directions of 
sideslip while A40 prov ides an indication of yawi ng ac c eleration. lf yawmg 
acceleration is such that it helps to re d uce sideslip the cut - out will QC.cur at 
relatively large values of acceleration (about . 6 - . 7 g at centre of gravity) , 
but when i t acts in the opposite s e nse the c ut - out w ill occu r at relatively 
low value s {. 2 . 3 g at centre of gravity) This c omplicated monitor con 
figuration results from cross coupling consi derations . ln some manoeuvers 
r elatively large val ues of transverse and yawing accelerations are needed 
and the system must be abl e to pass these and cut out only when fa il ures 
occur . A c celerometer s alone w ill not produc e de sired function s at low s pee d s 
since a small a c celeration may c orre s pond to a rather h i gh si de s lip angle . 
S ince the airc raft has undes irable characteristics above angle of sideslip 
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of approximate y 12 14 degrees , an a dd1tiona . switch 1s provi ded when angle 

of sides ip exceeds 10 degr ees . (Ref. 3) . 

Recently a somewhat simpler version of the rudder monitor has come under 
consideration. The new proposal conta~ns o e accelerometer and a switch . 
The mode of operation i s similar to that of the vers i o n using two accelero -

meters, but detail are not yet available . 

The g hmitmg system , applicable to ARROW 2 a ircraft only, has also under 
gone s ome modif ications . The finalize d version is as desc 1bed below . A g 
limiter 1s p rovi ded to d isengage the sys em case of malfunction of any of 
the componen t s . The lim1te1 operates from wo a c cele r omete (one forwar d 
and one aft f om the e tre of gravity of th e airc r aft) and two servo pos i t ions 
pick - offs (para el dnd d ifferential ). It i c; neces s ary to c ombine these signals 
1n a n amplifier t h rough fi te r ing networks to obtain enough anticipati on and 
en.;; ure propel" fun honing of the limi ter unde r all flight cond itions. A diffe r ­
ential servo p ick off was a dded to p r ovi d e protection against d ifferen ial 
servo ha r d-ove r fa1 ur e . A separate pick off 1s p rov ided on each d ifferential 
servo . Parallel servo p i c k off p rotects aga ins s e vo runaway type of fai l ure . 
The g limiter will automati al.1. y d sengage the normal p ' t c h axis at s u ch a 
level of norma ac e 1eratloI1 that r es ulting overshoot will not exce e d st r uc 
tural limits of the airc r aft rn a 1 fli ght c ond i tions . The rudder monitor signal 
is also connecte d to the g 11m1ter to di s engage the n o r m al mode whe n eve r the 
rudde r axis fa i s. The d i sen gagement u obtained by a contact on the p a1 alle l 
servo which r eleas e s the p""e s sure and anothe r ont act which recent r es the 
differential se r vo . The differential servo w1 l recent re imme di ately only 1f 
this a cti on 1s going to reduce the resu ting l oad fac o r, otherwi se he di ffe r­
ential servo 1s centred by norma damper acti on and t h en d isengage d When 
the disengagement 1s completed the aircraft will be in the emerge cy mode 
of contra and the p1 ot 1s then responsible for not exc eedi ng structur a l limits 

o f the airframe (Re f 4) . 

Block diagram s of the va rious modes of the A utomatic Flight Contr ol Syste m 
(AFCS) have been obta ined from Mrnneapolis - Honeywell and d e tail e d analysis 
is berng earned o ut . Compatabi llty of the AFCS with the damp i ng s y stem 
and w ith the req mrements for tactical app1 1cation have yet to be estabh hed 
Gain schedule mechanization has yet to be established. All these problems 
a re b e ing resolved m c o - operation with Minneapolis - Honeywe ll and RCA . 

The re has be en some ele c trical t r o uble in the stlck- fo..-ce tran s d ucer a n d 
associated l oop , causing sti c k fo r ce characteristi c s objec ion able to the 
pilot This prob e!T' i s bemg investigated as a top prior ity 1tem . The main 
control valves are a l so a so r c e of undes 1-able s t ic k - force cha racter i stics . 
This problem has been solve d rn part, but investi gation 1s b eing continued. 
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4 . 1 WIND TUNNEL TEST NG 

Wind tunnel results from NAE and NACA combined with free fl i ght model 
results {for which the analys i s is now completed) have been sent to M innea ­
polis-Honeywell where they are being investigated by computer to ensur e 
that damper system paramet ers are not affected. 

The relative wind senso r (,,( - ~ vane) will be undergoing dynamic response and 
calibration testing at the Cornell Aeronautical Laboratory transonic tunnel. 
These te s ts should be completed by the end of October 1957 . The pitot static 
system, located in the same unit, will be tested for icing at NAE during 
October . 

A pre liminary investigation is betng made mto the post stall gyr ations of the 
ARROW. The equi pment and model requirements, necessary to complete a 
program of testing a r e being determined . 

Te s ts to cl-etermine subsonic spin and recovery characteristics are nearing 
completion at NAE·-· At the present t ime, s pin recovery parachutes are being 
tested'. Te s t results i ndi cate that spins are oscillatory with fair l y high rates 
of roll and yaw d eveloped and that t he a i rcraft recover s with control motions 
typical for a delta c onfiguration but which may be objectionable to the pilot . 

Canopy hmge moment tests have been carried out at the Cornell A eronautical 
Laboratories and data correlated with AVRO test results o n the canopy open ­
ing mec ha nism . Wind tunnel te sts on the release of the pilot's seat are 
scheduled for De cembe r o f this year at NAE . The path of the seat w ith 
respe ct to the aircraft and the stability of the seat ar e to be inves tiga t ed. 
Detaile d test cases have be e n eval uated for a proposed sle d p rogra m . 

Mi ssile jett i son te s ts are now completed and are repo r ted in P /Wmd Tunnel / 
139 . As a c onclusion, the Jettison characteristics are ac ceptable and no 
sequencing is req uir ed other than in the case of fo r ward m issil e jethsonmg 
with re a r mis sile s extended . I n thi s particular cas e, the rear missiles must 
eithe r b e j e t t is o n ed first or retracted befor e the rel ease of the fo rwar d 
missiles . 

Dynamic analysis of captive flight is being carried out to ensure that l aunch­
ing defl ections w i ll no t exce e d the limits of la u n c h ing accura cy required . 
Wind t un nel testmg has been use d to i nvestigate the ini tial tra j ectories of the 
missiles, and th e a erodynamic fo r ce s on t h e m issiles in the vic ini t y of t he 
aircraft The object of thest tests is to ensure that a s afe clear ance exis ts 
between the m issil e and the aircraft w ith due allowance for the effects of 
tolerance on m issile w ing s etting and thrust m isalignment . The w i nd tunnel 
results were cor r e l ated w1th theory t o obtain a f ull flow pattern in the vic 1n ­
ity o f the aircraft. This a na lysi s shows that no sequencmg is required for 
firing the mis s iles and

0

.that sufficient clearance do es exist for all flight 
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cases within the flight envelope of the missile launch. 

4 . 2 DAMPER SIMULATOR AND COCKPIT RIG TEST 

The damping system simulator has been operated in con junction with an analog 
computer and the cockpit rig . The c ombmation called the aircraft simulator , 
has been used t o assess the operation and performance characteristics of the 
damper a l one and to es tab i sh l ow speed handling characteristics of the aircraft. 
At the p r e s ent time the a i rcraft simula to r i s undergo ing modificat ion to be 
made compati b le with the finalized ve rsion of the damper . New and more 
c omple te instrumentation_, hydraulics and hardware a1 e bemg installed i n the 
co c kp it r i g . Addit i onal equi pment, whi ch h a d to be man ufa ctu r ed by AVRO , 
is being added in the a n al og computer . Exten sive wirin g changes are also 
being made between the basi c un ·ts of the aircraft simulator . Final sim u -
lation will be 1n seven deg r ee s of freedom . The remaining phases of the 
simulator te s t p r ogram w ill be started in November 195 7 . 

The flying control s {B - 1) te st rig is being p re pare d for te s ting the flying 
c ontrols with the damper simulator , in three axes, roll , pitch and yaw, 
sep arate ly and in combin a tion. The c oc kpit rig will not be requi r ed fo r these 
tests, as was originally p l anned. A small instrume n t panel, to repl ace the 
cockpi t rig, w ill be p r oduc ed to facilitate t he " flying" of the rig. Te sting 
will start in O ctober . 

The fi rst airc r aft wi ll be connecte d to t he compu er, and the dampe r syste m 
of the aircraft tested for seve ral day s p rio r t o fl i ght . At the p rese nt t ime 
the w iring a n d sw it ch ing 1s being la id out and r eco r d i n g equipment set up . 

Speci fications are being p r epa ed fo r a flight test data reduction p rocess to 
be pe rfo rmed on the I BM 7 04 . They will m d1cate the data t o be r e d uce d , the 
equation£ t o be used, how they are t,9 be u sed and t he m e t ho d of p r esent 
ing the results . Be ca se of t he vas t n umber of digit s t hat will make up the 
results , it wi ll be ne c e ssary to have these results aut omati cally plotted. 
Addi tional machine r y for t his p l ottin g p r o c ess will be 1 e q uir ed. There are 
a ppr oxi mately one hund r ed channels of m formation avail abl e for stability 
and control analysis, i n cludi ng fo r ty channel s of damping system ite m s . 

A flight tes t program is at present be ing p 1 epared which wi:ll describe the 
flight cond itions to be te s ted, how they are to be te s ted and the sequ ence of 
testing. 

A report on co mplianc e with Specificat· on M IL - F - 8785 , Flyi ng Q ualities of 
P iloted A i r craft , 1s be ing prepared. 
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5. 0 AIRLOADS 

The calculation of subsonic and supersonic air loads on the ARROW, has , for 
the most part, been completed for some time. Only minor modifications and 
additions are being made to airload data on various parts of the aircraft . 

To clear the operation of the air brakes in supersonic flight, the airloads on 
these components have been determined analytically. At the present time, 
airloads on the fin and rudder for the asymmetri c flight cases are being 
re v ise d, based on results of dynami c analysis of aircraft manoeuvres 
obtained on the analog computer. 
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THERMODYNAMICS 

G.; BEA TING E -~FECT OF EXHAUST GASES 

Follow: .. g the redesign of the rear fus"elage of the ARROW 1, a reinvesti ­
gation was nec1::ssary to determine the h eating effect of r a diation from the 
hot exhaust gases on the surrounding structur e. As a result of t he publi ­
cation of more complete data on heat radiation from jet gases a more 
thorough investigation has been carried out than was done initially . This 
data has indicated that the h eating of the s t ructure by gas radiation is a 
minor e ffect. It i s by the proce ss of c onvection that the greatest amount of 
heat is transferred to the structur e . This process depen ds largely on the 
mixing which takes place between the c ool bypass ai r and the hot efflux 
gases. The mixing proce ss i s, in turn , a funct ion of the relative velocity 
betwe en the two gas strea ms and the sho ck wave patte rn at the nozzle exit. 
At p re s ent there is no analytical method which m a kes it p o ssible to pr edict 
the m ixmg patte rn in a y given flight case to enable an e stimation of heating 
effect on structure du e to onvection. Since test da ta i s also not available 
at the presen time, general information on the m ixing of subsonic jet gase s 
has been used , with variations, to determine a onservative estimate of the 
heating effect of these hot gases. In the fmal analysi s , flight test d ata will 
be ess ential to omplete a su .cessful design of t h e r ear structure expos e d to 
high temperatures. Other manufacturers faced with a similar proble m have 
followed this pra tice . A report is being wntten on this work and will be 
available at a later date. 

6.2 REAR FUSELAGE TEMPERATURE ESTIMATION 

Temperature estimates on the rear fuse lage and nacelles of the ARROW 2 
have been made. This s ruc;ture has the same temperature limitations as 
the ARROW 1. 

6. 3 TEMPERATURE VARIATIONS IN FLIGHT 

Several flight ondit10ns have b een inve stigated to study variations in the 
temperature of oil, air and fuel in the ARROW 2. These have shown that 
r edu cing power to idle may overheat the fuel emporarily b ecause the fuel-
011 heat ex hangers are designed to do a specifi a m ount of cooling under the 
design onditio".l. Under this one particula r transient condition when he fuel 
flow is low but the oil tempe r a ture higher than the de sign condition, heat 
e x changers annot b e prevented from absorb1ng more heat than necessary, 
unless they a r e by pass ed . (Th1. s also applies o the ARROW 1). This over ­
heating has not been consider ed critical as t h e situation is tr ansient during 
operational flying. During testing , however, when this situation m ay be re­
pe ated many times while on the ground, supplementary cooling may become 
necessary . The length of time the transientmaylast is a function of the heat 
capacity of the system. Ground and flight testing is e xpe ed to provide data 
from which it will be possible to estimate the over - temperature time in 
flight. Until this da a becomes available , no r ealist.1c estimate is possible. 
A report will be available in due cou rse. 
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6, 4 CENTRE REAR ENGINE MOUNT 

The de sign of the c e r.tr e rear engine mo ·r.t of the ARROW 2 has bee altered 
aa a resU.:.t f testlrg which i ndicated that f s. g o f parts under maxi m um 
condit ions of load and tempe,. a ture, was p ,. obable, In b i ef me tals of low 
thermal cond e t vi.. have bee:,i t1sed o p r ov· de a p oo:- t he r m al path for heat 
to t.,.avel f- om the er>g r: e to tre "uc-aft ~t· l-i:ur e , t h us - educ;ng tempe::-a ­
ture m ax· m .un to a:n ai o wa b le l e ve~ (Rei =>) 

6, 5 BRAKE PARACHUTE SECT ON 

The i 1su ation b 1arke 11 the parac h te ce ion, wh'rh w as one-half inch 
thick in the ARROW 1 h<l." been re ucerl +o O"le a -iarte - • eh thl c kne<; " ar,d the 
de r.sity doi..b1 e d . Thi h 5 be en do-e to aJow mo e 1,pa e be ween +-he b anket 
and s hro .1d fo·r bette::- verb.lat .on. The re ul i. a decr ea e i n t h e ns ation 
v alue of the b la ket but the o e-ru. 1 effe t o give the a um inu.m a y ,,kin 
n th1 area m o" e p• m:echor. f m the hot engine shr o .i . The r sta l a ;o n ha s 

been de gned '-O that the skir temp erature ca::J he measur ed with or wi•ho ut 
the bl anket C a.1cu.at: o r. .r d i ate t hat he be e, co Ii g of t:he "tr et e m ay 
re<=u t f -;:, m emov ~g tr e r,., .... t· hlit' ke' e1:. rely a. rl r e lyi v g or yo=, the 
mp- oved ve,.t iat c:rt. The fo . .., 0;1 e .,.1rg, l'-ed t ,.efle,t hea .. awa, frcm the 

parac hut e , ra-- bee rl:an ged f-,,om .-te cJ to ah.mu, .1m for g .,. e at e r effi ~1er.cy. 

The the r m df .am i. s g 0-1.p na..- beer, a gely r e s p cns• bl e fo _ the deve opment 
of the ba~i..- de.·g~ 01 a n ew e gi.e .r- ume.-. -efe .. ·red 'o a"' ire Engine 
Pe ::-fo m a.r.~e r d c'l.•o. . Th 1,d· ca.'·or m_h w.a be used i n tl:e ARROW 2 
t o r ep:a.ce t ... e ARROW 1 p - e , ..;.:,- e -c1t.o r. d._cator, , " :h .. a. s +ate of 
deve 0pmert, The .n !:r me1. ha.s .,. e cert,.y been a :te ::- ed and -.imp lf: ed and 
n w depe r.d _ o~ a re!a ~ h; p he'ween t .rattle angl e , p - e ss~::- e ratio a r d 
tota ir...!et temperat .. r e. r-,_t-Jmen+ re,.,d1:, g Wh no lcngeT h ave d1r e c+ 
:, e lation s h ; p •:o tbe .. r. ~ :s,._ (wh :t., at a~ .de . i." d ~ff cult to in e r p r e ) b ut 
will have a one-to-one ~e lat'cn.;;h1p o ":re tr.rot l e a"'gle, T his r e l a ion s h1p 
wil ' e r.ab ie ~he p11.o" •o reek fr e hea ... ":1 o f he erg, ,e e .i he • n the ground 
o 1n 4 : ght at ar.y powe::- s ett:.r g - ega- d...e !'. c1 a mb. e nt temperatur e, T o 
al::. ow for s m aa d 1ffe ::- e r: es between e n g . es , ar a d.jastment fo r grou. d cali­
brati on w;.11 be ·~-- o::-po:--ated "'1 the des . gn, Th~,,, w. aff ~d a me a s of 
dete c ting de ter' _a 10::: of e g ir e pe-fo- manc e . A r e -;:,t ;s c •r.,. e t ly 1n 
p r eparahon , 
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7.0 AEROELASTlCITY 

Aeroelastic pr oblems on the ARROW hav e been under inv e stigation since the 
latte r part of 195 3 . These problems were, for the most part, the deter ­
mination of critical speeds for wing divergence , wing and control surfac e 
flu tte r and aileron rev e rs al. A erodynamic margins, bas ed on the aircraft 
flight envelope, were then established for these critical speeds . During this 
report period progress has consisted of completing and extending the work 
done on these problems a s described b elow. 

7. 1 LOW S PEED FLUTTER MODEL PROGRAM 

This program was initiated t o investigate the adequacy of the theoretical low 
speed flutt er work. Testing was started some time ago , and r e c e ntly com• 
plete d, using a 1/10 scal e mode l with a speed ratio of 6.5, in the National 
A e ronautical Esta bli shme nt l ow speed w i nd tunnel at Ottawa . The testing 
program was delayed when the m odel was badly damaged in November 1956. 
The model was rebuilt and testing cont inued until it was completed in 
September 1957 a ft e r a total tunne l time of nine weeks. The wing and fin were 
tested individually in addition t o tests of the complete fr ee model. The con­
trol surfaces were tested a t varying d egrees o f stiffness . The comple te 
m o d el was a ls o tested with several wing fuel distributions. The results of 
all tests showed th at the orig inal analysis in general gav e cons e rvative r e sults , 
and somewhat wider speed margins over the fl ight envelope w e r e obtained. 
A report , with a m otion picture documentary, is in pr e paration. 

7. 2 STRUCTURAL FEEDBACK EFFECTS ON DAMPING SYSTEM 

This work predicts the spurious responses of the dampe r system to aircraft 
structural distortion o r vibration, resulting from high air loads. The ex• 
tension of this work to cover a wider fr equency range and its revision t o in­
clud e correlations with model tests, as a means of cross checking, is one of 
the m ain efforts of the section at this time. 

7. 3 REVISION OF FlN FLUTTER CHARACTERISTICS 

This revision is due to the inclusio n of infra-red seeker e quipment mounted 
near the to p of the fin. No drastic e ffect is expected as a result of this 
modification and work is proceeding at a low prio rity. 

7. 4 PREPARATIONS FOR GROUND RESONANCE TESTS 

A pr ogram is being prepared, and theore tical pre dictions of resonance pro­
perties are be ing made of the results t o b e obtained from ground testing of 
the first aircraft. These calculations are necessary as a guide to the 
correct location of vibration exciters, the best location for the l o w fr e quency 
supports (in the event that the air craft l a nding gear is n o t suitable ) and to 
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provide a nodal plot of the aircraft as a m eans of confirming results. The 
data to be obtained in these te sts, which are a check on dynamic calcula­
tions of resonance conditions, consist of 

(a) 

(b) 

7.5 

Natural frequencies of the aircraft , both vertical and lateral. 

Modes of deformation and nodal l ines for eac, :c'.atural frequency. 
Calculations have had to be revised since th :c ._e cision to test the 
ARROW on its landing gear (with partly deflated tires) was made. 
Calculations had b een made earlier with landing gear in the up posi ­
tion and the aircraft mounted on low frequency supports. 

HIGH SPEED FLUTTER MODEL 

With the availability of the transonic facility for flutter tests at the Massa­
chusetts Institut e of Technology, a high speed model program was begun in 
May 1957. These tes ts will provide a further check on aeroelastic problems 
in the air compressibility speed ranges. The first model was completed and 
preliminary tests were run at the e nd of September. The complete t e sts 
are scheduled for November and December. 
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8.0 ELECTRONIC SYSTEM 

The ARROW electronic system will be considered from those aspects of its 
development which are the prime responsibility of Avro Aircraft Limited. 
Technical progress of the ASTRA I system is detailed in RCA quarterly 
progress reports. 

A considerable amount of engineering effort during the report period has 
been expended in liaison with RCA studying findings and recommendations, 
and approving acceptable RCA reports. Progress of the ASTRA 1 system 
has been carefully monitored to ensure compatibility with AVRO require­
ments . 

8 . 1 ARROW 2 MOCK- UP - ELECTRONICS 

Space models of the majority of ASTRA I e quipment have been received 
from RCA and installed in the ARROW 2 mock - up, although some of the 
models are in an estimated form rather than the final configuration. Recent 
RCAF evaluation at the ARROW 2 mock--up confere nce has resulted in a 
number of change reque sts, on which action will be according to priority. 
Mock-up conference brochure s describing the electronic system and its 
functions were produce d and issue d to the RCAF prior to the confe rence . 
(ReL 6 and 7) . 

Mock- up information is not yet available to AVRO for the Doppler and IR 
installations . 

8 . 2 ARROW I ELECTRONICS - INSTALLATION DESIGN 

Ele ctronic installation de sign for ARROW 1 is complete, including mounting 
of e quipment and wiring . All installation dr a wings for damping system 
wiring have b e en comple t e d and the l a t e st chang es request e d by the damping 
system manufacturer are b e ing incorporated. 

8 . 3 AIRCRAFT 4 AND 5 ELECTRONICS - INSTALLATION DESIGN 

The fourth and fifth ARROW 1 3.ir c raft will be converte d for us e as ASTRA I 
de v e lopme nt v e hicle s . Preliminary desi gn of structural alterations to con­
vert the s e aircraft is progressing but insuffici e nt information is available 
from RCA to e nable the comple tion of wiring diagr ams at t his stage . 
Requireme nts for wiring are exp e cte d to b e simila r to those for ARROW 2 . 

The proposed AVRO pro gram for the fourth a nd fifth aircraft is as follows : 

1. Change radar n o se a n d radome to ARROW 2 v e rs1.0n . 

2 . Change both cockpits to accommodate ASTRA I controls and instruments. 
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3 . Augment and redistribute air conditioning . 

4 . lnstall ASTRA 1 wiring . 

5 . Alter hydrauli c , pneumatic and electrical systems for ASTRA I. 

6. A l +,er structure t o mount ASTRA I. 

7 . Install ASTRA I mountings and sufficient telecom and navigation for 

ferrying. 

8 . Provide pylon mounting for one Sparrow ZD seeke r. 

9. Install built-in mstrumentation (similar to a i rcraft l , 2 and 3) . ASTRA 
instrume ntation wiring is to be included in ASTRA system wiring . 
Responsibility for special instrumentation packs is not yet decide d . RCA 
may sub - contra ct this to AVRO. 

10. Fly to RCA's Fli ght Test Facility at New Castle , Deleware, for instal­
lation of remainder of ASTRA I, ground check-out and de - buggin g (esti­
mated 3 months) . 

11. R e turn to Malton to carry out ASTRA 1 de velopment flying . 

8. 4 ARROW 2 ELE;Q'rRONICS - INSTALLATION DESIGN 

Mountin g s for ASTRA I equipment in the ARROW 2 are being scheme d and the 
layout of cable r uns has now commenced, although full wiring requirements 
have yet to b e rec e ived from RCA . 

. \ 
8 . 5 ANTENNA DESIGN AND DEVELOPMENT 

Certain aspects of the work involved in design and deve lopment of ARROW tele­
communications antennas are being conducted on behalf of AVRO by Sinclair 
Radio Laboratories Limited. This work, in support of antenna evaluation 
being carried out by AVRO, will be activated as required by the progress of 
the antenna program. The overall program may be summarized as follows: 

(a) Investigations of the e ffe cts of an irdome installation in the vicinity of the 
UHF /L-band fin cap antenna . Antenna pattern studies have been carried 
out for the installation, with and without pitot tube s, prior to the intro­
duction of the irdome . R elocation studies for the ante nna will be made if 
necessary when the c onfiguration of the lR pod is decided upon . 

(b) Preliminary UHF pattern studies on a CF-100 in support of the antenna 
evaluation program for the ARROW . 
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(c) UHF pattern studies on three frequencies for both fin and belly antennas 
in support of the antenna evaluation program. Although patterns have 
been measured at the low and high ends of the UHF band, measurements 
are now required for the exact frequencies at which airborne trials will 
be performed. 

(d) L - band pattern studies on two frequencies and for two antennas. These 
will assist RCA multiplexing studies as w e ll as AVRO ante nna evalua­
tion. Patterns for the three principal planes have been measured prev­
iously but full spherical coverage is now required. 

( e) Final reports on fin tip UHF /L-band antenna and ventral UHF antenna. 

(f) Preliminary deve lopment and pattern studies of the antenna for the 
AN/ARD - 501 home r. An initial pattern study has been carried out but 
this work is suspende d until comple tion of Canadian Westinghouse and 
RCA d e sign studies . 

(g) Deve lopme nt of t h e UHF (annular slot type) belly antenna for the ARROW 
2, including electrical and mechanical de v e lopme nt and construction of 
prototypes . The ARROW 2 mode l of this antenna will have identical 
overall d im e nsions to the ARROW l, but the matching section will be 
r e designe d to lower the voltage standing wave ratio. This will incre ase 
the range of the ante nna by approximately 15%, and will e liminate the 
nece ssity for structural alterations due to ante nna dimensional changes 
which had p r eviously b een conside red. 

(h) 

The ARROW 1 v e rsion of the UHF b e lly antenna ha been develop e d and 
has passe d e n ginee ring tests in respe ct of mechanical strength, envi­
r onrnent and ele ct r ic a l prope rtie s. A VSWR of less than 3 has been 
obtain ed ove r the r e quir e d fr e quency range. 

Pre limina r y ARROW 2 studies to r e duc e the V SWR from 3 to 2 . 5 or 
less have c omme nced, and a modification is unde r in vestig ation t o 
str e ngthe n the ante nna f e ed line , which is liable to d i stort under hi gh g. 
Experime nts are also b e ing conducted with the matching section , using 
printe d circuits and capacitors for tuning . 

Patte rn inves t igation of the government- furnished Doppler ante nna to 
ensure that the propose d location is s a tisfactory. 

8. 6 UHF AND L-BAND ANTENNA EVALUATION PROGRAM 

To optimize the p e rfo r m ance of the UHF and L-band ante nna installation i t 
will b e n eces sary to e v a luate ant e nna coverage by means of mode l range 
studies and fli ght t e sts. In order to r e duc e the r e quired fl i ght time to a 
minimum it is propose d to compare range patte rns in a single plane of 360° 
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coverage established by both model and flight tests . Close correlation of the 
respective patterns will indicate that model range patterns for complete 
coverage can be considered representative of the in-flight performance of 
the antenna installation . 

Field strength measurements will be recorded at a ground station for a 
CF-100 aircraft m level flight, at constant altitude, over a range of head­
ings at a fixed position. This will establish the technique and produce 
results which can be compared with mode l range studies to verify antenna 
coverage diagrams to within 1 db. 

Airborne equipment for UHF transmission, to enable ground station measure ­
m e nts to be recorded , will be the AN/ARC - 34 . A suitable monitor will be 
used to record the output power of the equipment An AN/APX - 6, modified 
to increase the pul se width, with a suitable puls e gene rator conne cte d to the 
11 BM Trigger" input, will be used for L-band transmission . A block dia­
gram of the airborne system is shown 1n Figure 12. 

UHF and L-band field strength measurements will be r e corded at the ground 
station on chart- type recorders. The AN/GRT -3 receiver will provide UHF 
fie l d strength measurements . L - band .field strength measurements will be 
obtained using an AN/APX-6, suitably modified, as the receiver at the 
ground station . A di agram of the ground station system is shown in 
Figure 13. 

To e nsure that the ground s tati on ante nnas provide the required coverage to 
the aircraft, it will b e nece s sary to adjust the height of the isotropic UHF 
antenna for each frequency used for evaluation. (The L - band antenna h e ight 
will remain constant, as it is a directional ante nna . ) As the UHF antenna is 
isotropic, its performance is affected by direct rays from the aircraft and 
also by rays reflected from the earth's surface . It is necessary to optimize 
the ante nna h e ight in order to minimize out- of- phase destructive interfer­
ence. Reference to Figure 14 will show that for a specified altitude and 
range the re is an optimum antenna height hz for each frequency us e d . By 
selecting values of d1 and h1 it is possible to calculate dz and hz for maxi ­
mum antenna gain, taking into account reflection coefficients of the reflec ­
ting medium. 

The earth gain factor, which is the ratio of the resultant field to the free 
space field, e a 1 also be calculated and provides a measure of the antenna 
gain, taking into account multi - path propogation. Curves of surface range 
vs. earth gai n factor can then be plotted and from these it is possible t o 
o btain the gain factor at any desired range. Figure 15 shows a typi cal 
curve. 

The ground stat10n will be calibrated prior to commencing evaluation and, 
when the antenna height has been satisfactorily adjusted to give optimum 
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range/gain conditions, field strength measurements will be made ove r the 
check point at varying headings, on three UHF and two L-band frequencies. 
Repeatability checks will also be made . Antenna patterns derived from 
these tests will be checked against model range data in the same plane and 
agreement will result in the entire antenna pattern being determined by 
model range techniques. The advantages of this method of antenna eval­
uation over othe rs that have b een considered are that flight test time is 
substantially reduced, a u t omatic data reduction will not b e necessary and 
instrumentation r e quir e ments are considerably reduce d . 

A site for the ground station has been se l ected and fur t her details of the 
progress of the evaluation program will be provided at a late r stage. 

8. 7 RADIO COMPASS SENSE ANTENNA 

The ARROW's radio compass sense antenna is a copper she et of s emi ­
cylindrical configuration mounted in the dorsal fairing. A simulated 
installation in a CF-100 test vehicle is being flight tested in order to trim 
the antenna to the required electrical characterisitcs. These require­
m e nts have been determined as an e ffective antenna h eight of 0. 10 metre 
and a capacitance of 100 mmf ± 10%. 

8. 8 UHF COMMUNICAT IO N CONTROL SYSTEM 

Liaison and r ecent meetings with Collins Radio Company of Canada Ltd. 
and RCA have resulted in the formulation of proposals for the m ethods 
of control and changeover of the UHF communication equipment. It has 
b een agreed that it should be possible for the pilot or observer to trans­
fer control to himself, but not away from himself. E ach cockpit would 
have indication of the channel in use at all times . AVRO 1s now conducting 
installation studies of the e quipment and wiring involved. Collins and 
RCA are negotiating separately with the RCAF regarding requirements. 

8 . 9 DOPPLER RADAR 

Although it is anticipated that Doppler radar will be included in the ARROW 
2, development at Canadian Marconi Company is not proc ee ding at the 
moment. Accordingly, AVRO i s only a ble to allocate space for the instal­
lation at this atage. 

8. 1 O II WAR AND PEACE" SWITCH 

Investigations of the v a rious implications of a "War an d Peace " facility 
switch for the armam ent system have been carried out, but it will b e 
necessary for the RCAF to lay down the required functions of the system 
before further progress can b e made . 
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8 . 11 ANTENNA SWITCHING 

AVRO is considering the use of automatic antenna selector units for all air­
craft prior to the introduction of data link. Their function would b e to 
select the UHF and L- band fin or belly antenna providing maximum signal 
strength. 

An initial investigation of the circuit requirements has been carried out 
(Figure 16) but further study will b e necessary before a finalized system is 
arrived at . The problem at present is that an audio signal is not available 
from the L-band (lFF) equipme nt. 

Prior to the introducti on of automatic switching a manual antenna sele ctor 
switch wi ll be incorporated. 

8 . 12 PRODUCTION ANTENNA TESTlNG PROCEDURES 

Production testing procedures have been prepare d for antenna system and 
intercom tests. These will provide for post-installation checks on the 
UHF and L - band antenna system. UHF antenna selection will be tested 
using aural transmissions and operating the manual antenna selector switch. 

L-band lFF antennas wi ll be tested using a simulated ground interrogator 
to trigger aircraft responses. lf the equipment functions satisfactorily it 
will indicate that the antennas are performing correctly. Attenuation and 
VSWR tests will be done to test the efficiency of the X-band antenna, 
togethe r with pres sure checks on the waveguide . 

8. 13 ELECTRONIC SYSTEM POWER DISTRlBUTlON 

Analysis of electroni c equipment power loading is currently in work. The 
results of this study will be fed into the electrical load analysis for the 
c omplete a ircraft. Data from RCA on this subject is being che c ked as it is 
r eceived. Correct wire s i z e s and breaker re quirements have been deter­
mined. Attempts have bee n made to arrive at balanced three phase AC 
loads , and recent work in this respect was devote d to the emergency 
power system. 

8. 14 MlSSlLE FlRlNG CIRC Ul TRY 

D e sign studies for a missile firing circui t are being carried out to assist in 
monitoring RCA development of the final system, and to enable intelligent 
appraisal of the system to be made. The conditions and requirements for 
system operation have been laid down and agreed between RCA and AVRO 

The design of firing circuits for the missile test armament package is also 
progressing, this be ing the responsibility of AVRO. 

II 

■ 

I 
I 
■ 

I 
■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 



I 

UNCLASSlfslED 
L:=--------A_v_N_o_A_1_N_c_N_A_F_r_,_1_M_1_r_r_o __________________ A V RO ARR O W ► 

I 

8. 15 RADOME . 

A working agreement for d evelopme nt of the ARROW radome h a s been 
entered into b etween Avro Aircraft Limited and the Brunswick-Balke­
Colle nder Company of Cana da Limite d (B-B-C). The requirements for 
the radome are outlined in Avrocan Specification E-411 which will be 
r evise d and interpreted by AVRO as necessary to e nsure production of 
radomeswithadequate performance within allotted delivery dates . 
Liaison channels are being instituted be tween A vro Aircraft Limited, RCA 
and B-B-C to co-ordinate the progress of design and development o f the 
radome . Regular me e tings to discuss progress have b een arranged and a 
system of progress reporting is in operation. 

Basic objectives in the development of the radome are : 

(a) A maximum effort to reduce transmission losses to an absolute mini­
mum, especially in regions near the nose. 

(b) A rate of change of boresight shift , both on "waterline " and circum­
ferential cuts, sufficiently low that the tracking behaviour of the 
radar will not be adversely affected. 

(c) Retention of the basis external shape. Small changes in the vicinity 
of the nose boom will be considered when necessary in the interest of 
improved radome performance . 

The B-B - C program for development of the radome is as follows : 

(a) De sign of the radome . 

(b) Manufactur e of production tooling when design becomes stable. 

( c) Construction of two qualification radome s for electrical correction. 

(d) Performance of qualification tests, including provision of necessary 
tooling. 

(e) Manufacture of production radomes. 

AVRO' s program in support of the development program takes the form o f : 

(a) A ray study in order to gain information on ray study techniques so 
that intelligent compromises on radome specification r equirements 
can be m ade when necessary. 

(b) Programming of the AVRO computer for simulation studies in --Lo !,, e 

collaboration with sim ila r work be ing performed by RCA. 
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RCA is assisting B-B-C and AVRO in their design studies and is carrying o ut 
a thre e -dimensional simulation, using radar, autopilot and aircraft transfer 
functions . The boresight error rate for the top and bottom of the radome was 
shown to be less critical than that for the sides, 0. 02 degrees (or less) per 
degree of angular scan being corisidered acceptable. 

A p re liminary ray analysis has now been completed by B-B-C. From the data 
obtained, recommendations as to the shape of the radome and boom attach­
ment configuration have b een submitted to AVRO for evaluation and aero­
dynamic consideration. These recommendations were based on a reduction 
in the range of ray incidence angles, using a modified radom e shape, from 
oo,_75° to 0° - 68° . However , this is regarded by AVRO as presenting 
msuffic ie nt justification at this stage for a change of shape involving aero ­
dynamic considerations and the associated wind tunnel and other aerodynamic 
testing . 

AVR O is presently carrying out a digital program to determine the compara­
tive e l ectrical performance of a range of radome shapes . The requirements 
of the radome have b e en simplified by the deletion of Sparrow 3 which elim­
inated the need for meeting performance specifications over the 10 to 10 . 25 
KMC band. 

8 . 16 INFRA-RED INSTALLATION 

An investigation into the airframe aspects of the IR installation is now being 
conducte d on the basis of preliminary information recently rec eived from 
RCA . The fin has been agreed upon as presenting the most promising loca­
tion for the s eeker head. This position offers optimum performance of the 
seeker with minor airframe and aerodynamic penalties . Earli e r proposals 
for location of the seeker in the radome nose have been dropped . 

Initial studies of the configuration of a pod forming an integral part of the 
upper portion of the fm are being conducted, but the aerodynamic shape is 
not yet fmaliz e d . The pod is to be designed to accept a 10 mch diamete r 
seeker head and the associated IR system equipment. A preliminary scheme 
for the supply of cooling air to the equipment has also been formulated . 

The effects of the pod, which is situated in the region of most severe buffet­
ing, upon aircraft performance is being evaluated in the following respects : 

(a) Assessment of drag effects and investigation of optimum shape in this 
respect, with consideration of area rule theory, to determine the effect 
on performance . 

(b) Structural problems involved, with regard to g and aerodynamic loading. 

(c) Poss ible effects upon flutte r characteristics and aeroelasticity. 
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( d) Effects upon stability and contr o l. Stabilization proble ms may be 
encountered due to relative m oti on betw een t he IR seeke r and the radar 
antenna, alth ough tracking i s normally synchron ize d. 

(e ) Installation space problems and t h eir e ffe ct upon airframe d e sign. 

(f ) P ossible relocation of t he UHF/L- b a nd fi n ante nna. Patte rn studie s 
for this problem w ill be done by Sinclair Radio Laborato rie s whe n 
design of the IR pod is fin a lized. 

Analytical study and evaluation of the IR syste m is also b e in g p e rforme d in 
o rder that A VR O can effectively m o n ito r and s u ppleme nt t he work of RCA 
in this field, as it affects t h e AR ROW. 

8 . 17 FLYING CON T ROLS SIMULA1'.J OW0N A CF-100 

D uring the latter part of 1956, arrange m e n ts wer e m a de for d e v e lopment 
and mechanization i n the p itch a xis of a sti ck force, e l e ctrical, manual 
mode control system on a CF - 100. F ligh t s imulation t e s t s i n conjunction 
with the analog computer were p lanned, using a sys te m which would in 
man y respects be the e quivalent of the ARROW damping syste m, the r e by 
providing a valuable medium for development and e valuation of the control 
stick steering system . 

Design of the system was centred aro und the equipme nt available at that 
time, namely a stick force transducer, an a ccelerometer , a paralle l 
servo and a hydraulic servo amplifier. A n a lytical s tudie s rai se d a 
requirement for the addition of an integrato r and, since a DC syste m was 
being used and gain compensation was re q u ired, a m odulator-de modula tor 
scheme was incorporated. Inadequacies o f the i nteg rator a lso dictate d t h e 
need for a phase compensator. 

The D C system finally evolved provided t he optimum compromise w ith 
respect to aircraft response, damping fo r gus ts, sti ck for ce p e r g , t rim 
and stick motion which it was possible to obtain a t that s t a ge . 

Although the DC system was adopted as the mo s t s uitable for t he c ompon ­
ents available at the outset, it was decid e d e a r ly in 19 57 that a n AC 
system would be desirable, the final ob j ect be ing t h e de v e lopme nt of a 
flightwo rthy system. Since the parallel se rvo a mplifie r, integrato r and 
stick force transducer were bas i cally AC ite ms and c on s ide rable a mpli­
fication was involved, it wa s dec i ded to a dopt an AC syste m, whic h would 
then be more representative of the ARR OW c ont rol syste m. 

Implementation of this decision raised several p r o b lem s , n ame ly : 
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1. Conversion of DC signals into AC (as signals to and from the analog 

computer are DC) . 

2.. Phase compensation. 

3 . Quadrature problems. 

During the reporting period, development of the AC system has progr essed 
m order to bring it to a state suitable for ground tests using the analog com­
puter . Much of the work was concerned with development of modulators, 
demodulators and a phase lead network. However, the results were not sat­
isfactory due to phase shift problems, and it was decided to employ Reeves 
electro-mechanical servos taken from the ARROW damper simulator. The 
phas e advance network was finally abandoned. 

Some tests were carried out using the analog co mputer and revealed a non­
linearity in the parallel servo which was eventually eliminated by raising 
the gain of the parallel servo amplifier . This introduced instability caused 
by feedback through the control stick-elevator linkage, when using the stick 
force transducer in the system and not the computer. Efforts were then 
made to reduce instability by the use of filters at the stick force transducer 
output . 

It should be noted that the instability is not a proble m of mechanization of 
the specified system, but is a problem inherent in the system itself. From 
this point forward e ffo rts were directed toward correction of this system 
deficiency. 

Lengthy ground cables between the aircraft and the analog computer w e re 
succ es sfully employed for computer tests. The technique established thereby 
will be applied for tests with the complete flying controls system test rig 
and the first ARROW aircraft . 

8. 18 ARROW FLIGHT SIMULATOR 

Rapid progress is being made with the construction of the ARROW flight 
simulator and considerable effort is bemg expended to achieve its early 
completion. The simulator will eventually consist of a representative pilot's 
and obs/AI's cockpit rig complete with controls and instruments, an elec­
troni c damping system simulator and the analog computer. It will be used 
to evaluate and investigate stability and control characteristics relate d to 
landing techniques, aerodynamic behaviour, landing gear up and down, 
effects of the ram air turbine, pilot handling and other similar aspects. 

The following work has been carried out during the reporting period: 

(a) The construction of special function servos for the analog computer. 
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(b ) T he construction of scheduling se r vo s for u se with t h e dampe r simulator, 
the cockpit rig and the fly in g contr ols syste m rig. 

(c) T he completion of instr ument servos to drive the pilot 's displa y along 
with the construction of the asso c i a t ed a mplifie rs . 

(d) The completion of all po s ition feedb ack c ir c uits (i. e . s e r v o po s itions , 
throttle positions, stick positions , etc. ). 

(e) Construction of the coc kpit r ig , whi c h i s still proc ee din g. 

(f) The completion of a pilot's in strument pane l display and two scope dis­
plays for use with the flying c on t r o ls test rig and with the fir st aircraft. 

(g) M odifications to the damper s imulator to inco rporat e aut oma ti c sch ed­
uling, landing gear switching, automatic t rim, e tc. 

(h) Associated wiring, con struction o f p a n el s and othe r e quipment . 

The simulator has been used to investigate p ro b l ems conce rned with insta­
bility in the stick force t r an s ducer /parallel se r v o loop and various filte r 
configurat10ns are being tried t o solve t h e m . T he instability was dis c ove r e d 
using a B ell Aircraft stick force transdu cer, a nd a n F-100 sti c k forc e 
transducer subsequently ac q uired s howed little improve m e n t. A Humphr e y 
unit tested on the simulator and on t h e flying c ontrols rig s h owe d some 
improvement, although instability still existed. 

A combination o f m ethods will be used to achie ve a s olution to this p r oblem 
after further theoretical analysis i s completed. T hese m ay b e s umm ar i zed 
as follows : 

(a) M ass balancing of the stick. This is a partia l solution rn c utting do wn 
oscillations of the stick. 

(b ) The us e of an e lectronic f ilter to limit t h e fr e que n c y of the D C s i gna l 
into the Moog valve of t h e p aralle l se r vo. T h i s i s b e ing t ri ed on the 
flying controls rig. 

(c) Velocity limiting of the parallel servo to achieve a m ech a m cal e q uiv ­
alent of item (b) . 

7 1 



J 
,#VRO AIRCRAFT LI MI T E D ► 

- .., --------------------------AV RO ARROW 

J 

.J 

-. J 

.J 

.J 

.1 
7 
J 
7 

9. 0 ENGINE INSTALLATION 

9. 1 GENERAL 

The engine installation for the ARROW aircraft is des cribe d in the followin g 
r eports: 

Eng ine Installation Data M anual for CF-105 Mk. 1 Aircraft (Pratt & W h itne y 
J75P 3-P5 Engines ) A p ril 1957 and ARROW 2 Engine Installation R epor t 
No . 72/AIREQ 25/1 , June 1957. Engine installation will be discuss d under 
the following sub - headings: 

(i) Engines 

(ii) E ngine acce ssones 

( ii i) E ngine mounting and installation 

(iv) Powe r extraction systems 

(v) L ubrication syste ms 

(vi) Engine power control system 

(vii) Intakes and ventilatrng 

9. 2 ENGINES 

The ARROW airc raft are powered by two twin- spoo l, high thrust turbo-jet 
engines with rntegral afte rburning units. T he ARROW 1 a ir c raft is powered 
by the Pra tt & Whitney J75 units and the A RROW 2 will be e quipped with 
the Orenda Iroquois power units. 

9. 2. 1 J75 POWER UNITS - ARROW 1 

9. 2. 1. 1 F irst Aircraft 

The first ARROW 1 aircraft 1s b e rng e quippe d with J75P3 engines. T hese 
are calibrated units which will be used to de t e rmine e ngine pow e r losses 
due to installation characteristics and accessories. Four of these units 
have been delivered by Pratt & Wh itney and are presently 1n the build-up 
stage at A VRO. 

The engine build-up invo l ves the mounting of AVRO specified compone nts 
and parts on the bar e e n gine a s delive red by Pratt & Whitney. A li st of 
these components and parts follows: 
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Engine Suspension and Attachment Fittings 

E ngine shrouds 

Constant Spe ed Drive and Alternator 

Nose Bullet F a iring 

A daptor Ring 

Heat Exchange D uct 

P ower T ake -off Gear Box 

Output gear box and starter unit 

Associated systems piping and wiring 

M iscellaneous piping and wiring adaptors, connectors, etc. 

Upon comple~.ion of th engine build-up, the power units will b e installed in 
t h e aircraft, in preparation for the scheduled g round running t ests . 

9 . 2. 1. 2 Subs quent Aircraft 

The remaining four aircraft of the s e ries will be e quippe d with J75P5 units 
whic h will not be calibrated by the supplier. These a r e production units and 
differ from .he P3 ..m.its only by virtue of the absence of calibration data as 
supplied by Pratt & Whitney. The performance of these units will be c h ecked 
against th installed performance data of the P3 units. 

9 . 2 . 2 ORENDA l ROQUOIS POWER UNITS - ARROW 2 

The Iroquois powe r unit is in an advanced state of deve lopment and testing. 
Static testing of the unit has been in progress for a considerable t ime and 
the unit has passed the require d type tests. A unit is presently being pre­
pared for installation in a Boe ing B - 47 flying test b ed. 

9 . 2. 3 A DDITIONAL DATA 

Fo r further info:nnation r egarding the J75 engi ne , r e f e renc e should b e m ade 
to the Pratt & Whitney "Gas Turbine Installation Handbook", a nd additional 
information on the Iroquois engine may b e obtained from the Iroquoi s Instal­
lation Data Book. 
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9. 3 ENGINE ACCESSORIES 

9. 3 . 1 GENERAL 

The term "engine accessories" as used here e ncompass e s all components 
and parts which are assembled to the e n gine during the e ngine build-up 
s tage. This definition is intended, primar ily, to cover all components 
and parts which are assembled by AVRO to the engine as it is deliver e d 
by the engine manufacturer. For convenience, howe v e r, the d e finition 
is extended to include the engine manufacturer's accessories which are 
an AVRO requirement , or the design of which is influe nced by AVRO. 

9. 3. 2 ORENDA ACCESSORIES TO THE lROQUOIS 

9. 3. 2. 1 Air-to-Air Heat Exchanger 

The original engine configuration submitte d to AVRO by Orenda Engines 
Limited rncluded an externally mounted heat exchanger. Subs e quently 
AVRO designed the engine tunnel to accommodate the given engine config­
uration and provide the required engine cooling air flow. Rece n tly, Orenda 
informed AVRO of its decision to remove the heat e xchanger since it was 
no longer re quired. An investigation was unde rtaken t o determine the 
influence of the h e at e xchanger on the engine cooling ai r flow and the tunnel 
internal air pressure. 

The heat exchanger offers a resisting sur face in the cooling air flow path 
and consequently posse sses the characteristics of a r e strictor. It s 
removal would permit an increased flow into the cooling region with a sub­
sequent· build-up of internal pressure. The exce ss inte rnal tunnel pressures 
will subject the tunnel wall structure to loadings in exces s of the design load­
ings with the probability of subsequent fatigue failure of the structure. 

To prevent such failures, AVRO has r equ e sted Orenda to replac e the heat 
exchanger with a structure which duplicates the heat exchanger shape and 
locat10n. The alternative to this solution was a redesign of the ejector, 
or a r edesign of the engine tunnel which in t e rms of time and additional 
cost was considered uneconomical. 

9. 3 . 2. 2 Nose Bullet Fairing 

The nose bullet fairing, which enclo s e s the constant speed drive unit and 
the alternator is being designed and developed by Or enda. AVRO had done 
some early investigations with regard to the d esign of the component and 
the related anti-icing problems. However, since a hot- a ir anti-icing sys­
tem bleeding air directly from a low-pressure compr e ssor bleed port was 
being considered, it was established that Orenda could handle the proble m 
more conveniently. Subse quently, agreeme nt was reache d whereby Ore nda 
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a cc e pte d the r e sponsibility of supplying the e ngine with a nose bullet fa i ring 

and anti-icing provisions. 

9. 3 . 3 CONSTANT SPEED DRIVES 

A constant speed drive unit is a hydraulic transmission which accepts m ech­
anical powe r at a variable speed input and delivers mechanical powe r at 
constant speed output. The constant spee d drive (CSD) units for the ARROW 
aircraft are b eing supplied by G e neral Electrical for the ARROW 1 and by 
Sundstrand for the ARROW 2. 

9. 3 . 3 . 1 The General Electri c CSD Units 

Based on the Avro Specification r equireme nts, Gene ral Ele ctric has deve l­
oped and produced a CSD unit . Dur ing v e ndor qualification testing, howeve r , 
the unit was obs e r ved to cease operating under simulated vibration condi­
tions. Further t e sting has indicated that the specified power output of the 
unit at low engine speeds is not being obtained. Consequently, the functional 
integrity of the unit is presently in doubt . GE is continuing developme nt 
work and testing on the unit in an e ffort to meet specification requir e ments. 

The CSD units will not be fully qualified in t ime for the e ngine ground running 
tests but, limited approval for ground t est will be granted with eventual 
approval for flight test . 

9. 3 . 3 . 2 The Sundstrand CSD Umts 

A 40 K V A output, constant speed drive is r e quir e d for the ARROW 2 . The 
Sundstrand CSD was s elected since the low spe ed power output of the Gene ral 
Electr ic unit was inadequate. 

These units a re presently in the design and development stag e at the v endor's 
facilities. The further progre ss on these units will b reported m subse­
quent Q uarterly R e po r ts, as information becomes available. 

9. 3. 4 NOSE BULLET-FAlRlNG 

As noted in paragraph 9. 3 . 2 . 2, O renda Engines L imite d is supplying the 
Iroquois engine with a nose bullet fairing. ln the case of the J75 for the 
ARROW 1 aircraft, AVRO is responsibl e for providing the nos e bullet fair­
ing, and bulle t anti-icing. 

The portion of the fairin g enclosing the alternator and CSD unit presents no 
problem, since suffi cient heat is generate d by the two units to pre v e nt icing 
of the fairing. The forward portion of the nose bullet, however , i s sus cep­
tible t o icing and anti- ~ciri g provi s ions are required. 
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:J Q ALTERNATOR COOLING AIR 

FIG. 17 NOSE BULLET - COMPARISON OF POROUS AND DOUBLE SKIN DE-ICING 
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A porou s-skin anti-iced nos e section has b ee n des igned and sub-contracted 
for manufactur e. T he anti-icin g pro cess i s based on the admission of hot 
c ompress d air bled from the low pressure compressor. The hot air, at 
maximum temperatures of approximately S00°F, is allowed to fill the 
space within the nose section of the fairin g bulle t . The h e at transfe rred 
from the bleed air to the nose section skin produce s the r e quir e d anti-
icing effect. T he anti-icin g hot air escaping through the porous nose skin 
is returned to the engine compressors with t h e intake air. 

D ue to the hi gh cost of the porous skin anti-iced nos e s ection, an inve sti­
gation was initiate d to design and develop a nose section which could b e 
produced at a mor e favourable cost. The double -skin anti-ic e d nose bullet, 
which could be produced at approximately one -fifth the cost of the porous 
bullet, was subsequently co n ce i ved . The anti-icing of the bullet is accom­
plished ma similar manner to the porous-skin nos e bullet e xc e pt that the 
hot air 1s not bled off thro ugh the skin . The o peration of t:"e se anti-icing 
processes is represented in Figur e 17. 

The porous skin nose bullet will be us e d in the first ARROW 1 aircraft. 
Subsequent aircraft of the serie s will be e quippe d with the double-skin 
nose bullet, providrng production schedules can be m e t. 

9. 3. 5 OTHER ENGINE ACCESSORIES 

No difficulties are presently being exp erience d with the remaining engin e 
accessories which consist of: 

Power take-off gear box 

Accessories drive out-put gear box 

Starter unit 

Heat exchangers 

Engine shrouds 

Associated fittings, piping, wi ring, etc. 

9. 4 E NGINE INSTALLATION AND MOUNTING 

The engine mounting arrangement has been desi gn e d to reduce all trial and 
rror m ethods during installation to a minimum. A full desc ription of the 

installation and mounting details is given in the r eports refe rence d in Part 8. 
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L 9. 4 . 1 STATUS 

9. 4. 1. 1 ARROW 1 

The de sign of the mount ing is compl e te and i n production. Trial ins t a llation 
and mounting of the e ngines has been carried out on t he first aircraft. Apart 
from minor inte rfe renc e proble ms of e n gine bracketry within the eng ine 
tunnel, the engine mounting arrange ment and installation procedur e are 
satisfactory. The inte rfe r e nce problem has be e n e liminated by an adjust ­
m ent of the interfe ring engine-mounte d brackets. 

9. 4. 1. 2 ARR OW 2 

T he design of the mounting has b e en comple ted and is now in production for 
fabrication. The mounting component s will be fabricated e mploying the 
flash w elding technique. The pro ces s is based on the fusion of m etal , in 
which a high-strength w e l d is produced . This m e tho d of fabrication was 
adopted since no vendors would guarantee forged compone nts to t h e spec­
ifie d strength and tolerance re q u ir e m ents. 

9 . 5 POWER EXTRACTION S YSTEMS 

Engine power is extracted to provi de mechanical , e lectrical , hydr a ulic and 
pneumatic powe r to operate the various aircraft systems and s ervices. The 
power extr a ction i s based on e ithe r a m echanical or a pne umatic powe r take -
off syste m. Each en gine is provide d with t wo m e chanical power extraction 
points and seve ral pneumatic powe r extraction points. The se ar e utilize d to 
nrovide thre e systems, two of w hich are m echani cal and the third a pne u­
-natic system. 

9. 5. 1 P NEUMATIC S YSTEM 

The pneumatic power extraction system consists s imply of a shut -off valve 
and an air duct connected through a manifold to the engine b l e ed ports . 
Blee d ports are provided on the engine at selected stages of the high pres­
sure compressor . The high energy air thus obtaine d is utilize d to provide 
airc raft air c ondit10ning and pressurization. 

9. 5. 2 MECHANICAL SYSTEMS 

The m echanical powe r take -off provisions are u tiliz e d to ge nerate the air ­
c raft electrical e n e rgy, produce hydraulic power and drive the fu e l syste m 
boos t e r pumps . 

9. 5 . 2. 1 L ow-Pre ssur e Compressor Powe r Take -off 

A constant speed drive unit is mounted d i rectly to t h e engine 's front powe r 
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take- off pad, lo c ate d at the front fram e inlet casmg , the pad input shaft being 
coincident with and driven by the low pressure compressor rotor shaft. The 
constant speed drive unit accepts a variable input speed from the eng ine 
power pad and converts this mechanical power into a constant output speed 
at the output end of the unit, by a hydraulic coupling. Electrical power is 
then generated by an alternator coupled to the output shaft of the constant 
speed drive unit. The sequence of events 1n the production of electrical 
energy 1s conveniently summarized by the following: 

mechanical power} {hydraulic} {mechanical power} 
at variable - power --- at constant 

spe e d speed 
{

e l ectrical 
~ power 

engine alternator 
con stant speed drive unit 

The constant speed drive unit and the alternator are eng ine -mounted and 
consequently are considered as engine accessories. 

9. 5. 2. 2 High-Pre ssure Compressor Power Take-off 

Engine power from the high-pressure compressor rotor is available at the 
e ngine power take-off pad on the underside of the engine. Power is extrac­
ted by an engine-mounted gear box from which the power is mechanically 
transmitted to the airframe-mounted gear box. Thes e main airframe­
mounted gear boxes are coupled directly to hydraulic pumps whi ch produce 
the requir e d hydraulic power. In addition , power is transmitted mechan­
ically from the main gear boxes to provide powe r for drivmg t he fuel 
booster pumps. Se e Figure 19. 

9 . 6 LUBRICATION SYSTEMS 

Independent oil syste ms are provided for right and left hand ngine instal­
lations and related systems. Thus, the loss of either engines does not in 
any way influe nce the operation of the r emaining engine and its associated 
accessories and systems. 

9 . 6. 1 ARROW 1 - OIL SYSTEMS 

A single oil system is installed to supply lubricating oil to the gea r boxes 
of the mechanical powe r extraction system and to supply oi l to the constant 
speed drive unit. This system i s mde p e ndent of the engine oil system and 
is adequately d esc ribe d m the ARROW 1 report r e ferenced m Part 8. 

The engin e oil system requires supple mentary 011 cooling, consequently 

87 



~ , I ] ________ A_v_a_o_A_i_a_c_R_A_F_r_, _' M_i_r_E_o ___________________ _ 

~ ~:~ 
AVRO ARROW 

~~; 
~s 
~~ ·s 
2 
J 

J 
J 

J 

------­RELi E F VALVE 
HEAT 

EXCHANGER 

FUEL/OIL 
HEAT 

EXCHANGER 

AIR/OIL 
HEAT 

EXCHANGER 

"-. THERMAL CONTROL 
"-BY- PASS VALVE 
INTERNAL PART OF 

HEAT EXCHANGER 

SCAVENGE 
PUMP 

ALTERNATOR 

DE ­
AERATOR 

.-------',~-.------,:<,•::: 

FILTER 

CHARGE 
PUMP 

PRESSURE 
RELIEF VALVE 

CONSTANT SPEED DRIVE 

TO ENGINE 
LUBRICATION SYSTEM 

ENGINE DRIVEN 
REF. ONLY 

FIG. 20 ARROW 2 CONSTANT SPEED DRIVE INTEGRATED OIL SYSTEM 

AIR 

SUPPLY 

ENGINE 
OIL TANK 

STACK PIPE 

A GALS. OIL CAP. 

89 



I 
] 

L 

piping is installe d to dir ect oil flow through an airfram e-mounted oil -to -fue l 
heat exchanger. 

9. 6. 2 ARROW 2 - OIL SYSTEMS 

A single 011 system ha s been designe d to meet the lubrication r e quireme nts 
of the m echanical power extraction system driving the hydraulic pumps and 
the fu el booster pump . Design requirements made it difficult to inte grate 
the Sundstrand CSD unit oi l system with the gear box oil system as in the 
ARROW l ai r craft. The solution to the proble m appeared to be either: 

(a ) provide an independent oil syste m for the CSD unit or 

(b) integrate the CSD o il system with the engine oil system. 

The two alternatives were studied and the following points were established: 

(i) A system mtegrate d with the e n gine system is not favour e d by most 
engine manufactu re rs due to t he incre ased probability of engine failur e. 
The argum ent here is that a fa ilure of the CSD unit or its oil supply 
system would r esult in the loss of the engine. 

( ii) Uti lizing an inde p e ndent CSD oil syste m would result in a weight penalty 
of 50 lb. over that of the integrated oil system, in addition, of course, 
to the space requirements of a separate oil tank. 

These studies tended to favour the integrate d oil system and subse quent 
discussions between AVRO and Orenda r esulted in the oil syste m shown 
schematically in Figure 20. 

The integrated oil system, as shown in the schematic, is integ r al on l y 
insofar as the oil tank is concerned. The CSD lubricating circmt and the 
engme lubricating circuit are completely independent, except for the use of 
a common oil tank . ln order to preserve the e n gin e in the eve nt of a CSD 
failure or loss of oil in the CSD lubricating circuit, the constant speed 
driv l ubricating system takes oil from the engine oil tank t hrough a stack 
pipe. The use of the stack pipe limits the level to which the CSD syste m 
can drain the 011 tank. Thus, should a l eak occur in the CSD oil circuit, 
oil will be drained from the tank only to the th r ee gallon leve 1. At th1 s 
point the constant speed drive ceases t o function, while the e n gine con­
tinues to operate normally, utilizing the oil which is no longe r available 
to the con stant spee d drive unit 

9. 7 ENGINE POW ER CONTROL SYSTEM 

9.7. l GENERAL 

The A RROW power control syst e m is manually operated throu2h a conve ntional 
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twin powe r lever control box assemb ly which i s mec h ani c a lly li~ ke d b y a 
system o f cables, pulleys, bel - cranks an d push r o ds to t h e engine fu e l _ 
flow control units. T he syst em is describe d in t he r e por t s r e fe r e n ce d in 

P a rt 8. 

The syst em for the ARROW l and ARROW 2 a r e fun c tionally i denti cal. M i nor 
inst allation d iffe r ences will r esult due t o the diffe r e nt e n g in e install a tio ns . 

9. 7 . 2 THROTT L E C O T ROL BOX 

D ue to the proper control characteristics peculia r t o a par ti cu l a r eng in e 
typl", the throttle control boxe s for the ARROW 1 an d ARROW 2 ai r c r a ft 
arr-> not identical. Although externally similar , t he powe r l eve r ge om e try 
for the units is different. A RROW 2 powe r l ever ge om etry i s shown in 
F igure 2 1. 

9. 7. 3 STATUS AND PROGRESS 

9. 7. 3. l A RRO W 1 Syst em 

T he design of the system has been complet e for som e tim e, an d the fabri­
cation and procurement of component parts is well i n hand. R ecent de s i gn 
modifications have b en incorporated to accommo date sys tem riggi ng and 
alignm ent procedures. T h<"se modifications p rovide for lock - p in h o les m 
the control lever quadrants to permit the locking o f the l eve r s in the IDLE 
position, and t he provision of corresponding alignment m arks on t h e fuel 
flow control umt pu ey quadrants. A preliminar y rigging procedur e for 
tne system has be n prepared and appen ded t o t h e E ngine Installat ion D ata 
Manual 

The engine control system is presently beinb installed in the fir s t ai r cra ft 
of the series. F unctional test results and a ch eck of the r igging p r oce dure 
wil be available from the engine ground running tests. 

9. 7 3. 2 A RROW 2 system 

The AR ROW 2 system design is complete an d specifications fo r com ponent 
par ts hav been prepared and submitted for te n der t o the ven do rs . F u r­
the r developm~nt work on the system will depend o n the abi lity o f vendor s 
to meet specification requirements and on installation probl ems as t h ey 
arise. 

8 ENGINE INTAKES AND VE NTIL ATIO N 

Th<' ngine air intake and ventilating system ·is describe d in t h e r e fe r e n ce d 
r 0 ports The intake system comprises an intake r a m p a t t h e a ir inle t 
located on the side of the fuselage at the pilot's station, a du c t thro ugho ut 
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the full length of the centre portion of the fuselage and an engme-to - duct 
connection. T he intake ramp and the duct are primarily structural and 
consequently are discussed under Part 4, Product Design. The r e l a t e d 
a e rodynamics of the air flow in the duct and at the intake are similarly 
considered in Part Z, T echnical D esign under the appropriate h eadings. 
The portion of the intake which links the air duct to the engme mtake, how­
eve r, is discusse d h e re . 

9. 8. 1 ENGINE TO DUCT CONNECTION 

9. 8. 1. l J75 Installat10n 

The front e nd of the J75 is fitt e d with an adaptor rmg which fits into the 
aft e xtremity of the air intake duct. No r igi d conn ection is made between 
the duct and the adaptor rin g. A m etal-to-me tal contact is e stablished by 
v irtue of the installat10n. 

9. 8. 1 . Z Iroquois Installation 

The engine mountings on the Iroquois e n gine are considerably furthe r aft 
than the mounting pomts of the J75 engine. Consequently, any wing deflec­
tions in the re gion of the forward and rear engme mounts would b e trans ­
mitted to the e ngine with subsequent larg e displacements of the forward 
portion of the e n gine r e lative to the adjacent structure. To accommodate 
the displacem e nt of the forward end of the engine relative to the structure, 
a floating duct was introduced to provide the n e cessary engine-to-duct 
connection. 

The aft e nd of this articulated duct is fixed directly to the front face of th 
engin e. The forward en d of this duct is coupled to the rear extr emity of 
the fixed intake duct through a unive rsal joint. The universal coup ling at 
th fixed duct p e rmits ve rtical, trans ve rse and longitudinal mot10n of the 
engine. This type of engine-to-duct joint will accommodate all possible 
engine displac e ments due to structural deflect10ns. 

9. 8. Z ENGINE COOLING 

The ventilating systems de scribed in the refere nced reports are provided 
to pre vent e xcessive h e at transfer from the e ngine to the structure and a r e 
adequately de scribed in the reports. 
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10.0 ELECTRICAL SYSTEM 

To explain the major d i ffer ences between the ARROW 1 and the ARROW 2 
electrical powe r syste ms a brief description of the r e levant aspects is 
given below: 

10 . 1 ARROW 1 ELECTRICAL SYSTEM 

The ARROW 1 power syste m comprises two engine mounted, air cooled, 
30 KVA alternators, each drive n by its r e spective engine through a 
mechanical- h ydraulic constant speed drive unit. DC powe r is provide d 
by two 3 KW tr a nsformer-rectifier umts, cooled by the air conditioning 
system. E ac h transformer-r e ctifie r unit is supplied from its applicable 
alternator and fee ds essential DC services together with the DC she ddin g 
bus. The latter is de-e n e rgize d whe n one alternator becomes inope r aL , ~. 

The left ha ,d alte rnator normally supplie s the left -hand AC she ,'d~"lg b us 
and l eft-han d intake duct de -icing . If the left-hand alternator is ren de r e d 
inoperative the AC s he dding bus and left-hand intake duct d e -icing a r e 
shut down. 

The right-hand alternator normally supplies the right-hand intake duct 
de-ic ing. The p rimary AC buses ar e normally supplied from the right­
hand alternator and fe ed the e lectronic and electrical s e rvic e s, and the 
emer gency AC bus. The primary AC buses are switched to the l e ft-hand 
alternator if the ri ght-hand alternator fails or the engine is shut down. 
The rig ht-hand intake duct d e -icing supply is then not available. 

External AC power fr om a g round servicing unit supplies the AC buses 
and the tr ansformer-rectifie r units until "breakaway", even wi-f;h both 
engines runnmg . The left and right-hand AC warning lights are extin ­
guished when the g round supply is e n e r g izing the AC buses. 

Dur mg flight t he e m e rgency hydrauli cally driven alternator b e comes 
operable on failure of shutdown of both a lternators. Emergency DC 
power is p rovided by the batte ry. 

10 . 2 ·A RROW 2 ELECTRICAL SYSTEM 

The ARR OW 2 powe r system comprises two engine -mounte d, oil cooled, 
40 KVA alternators, e ach driven by its respective engine throu gh a mech­
a ni cal -hydraul ic constant-speed drive unit. DC power is provided by two 
4 . 5 KW transformer-rectifier units, cooled by th" a ir conditioning system. 

The left alternator normally supplies the primary AC buse s fee ding the 
electronics s ervice s , the e m e rgency AC bus and the l e ft transformer­
rec tifi e r unit. On failure or shut-down of the l e ft alternator, the primary 
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AC buses, emergency AC bu s and the left transformer-rectifier unit are ther 

supplie d by the right alternator. 

The right alternator supplie s the primary AC buses fee din g. the electric al 
se r vices , both left and right intake duct de-icing, and the right transf~rme r­
rectifier unit. On failure or shut-down of the right alternator, the primary 
AC buses and the right transfo rmer-rectifie r unit are then supplied by the 

left alternator . T he DC sheddrng loads are r e move d . 

External AC powe r fr om a ground servicmg unit supplies both left a nd right 
AC buses and transformer-rectifie r units . As each enq~,1e r eaches a suffi­
cient rpm for operation of its alternato r, the applicable AC bu s system and 
transformer-rectifier are transferre d from ground supply to the air c raft 
alternator. T he left and right AC warmng lights remain on until each air­
craft alternator is supplying its applicable syste m , therefore the pilot knows 
before rol'ing that the aircraft alternators are functioning. 

During flight a ram air turbine is automatically extended on failure or shut ­

down of both alternators, and supplies eme rgency AC loads . 

Should there be a bus fault in eithe r the le ft or ri ght AC system t he AC loads 
of that particular system will not be transferred to the operating alternator, 
so that the fault i s not transferr e d and the remaming alte rnator will not shut 
down . The pilot has a power distribution selector switch for s elec tion of 
11 MlSSILES 11 or II DE -lClNG 11 • Whe n II MISSILES" i s select e d, a shut-down 
of one alte r nato r will disconnect AC and DC de -icing loads (with the excep­
tion of windshield and canopy de-icing) and the DC shedding bus . Unde r 
these conditions a combat mission may be completed without r e striction sin ce 
radar, comp1te r , etc., are all functioning. When 11 DE-lCING" is selected, 
a shut-down of one side of the system will disconnect the a rrnament AC and 
DC loads and the DC sheddtng bus and reconnect de-icing loads. In this 
case, the aircraft is essentially unarmed since the powe r to the fire control 
sub-system is cut off. E ssential telecommunication an d navigation s e rvic es 
are retained, however . ln either ca se the services are automatically rein­
state d when the alternator recommences operatwn . 

10. 3 ELECTRICAL SYSTEM DESIGN PROGRESS 

~ esign of the ARROW 1 e lectrical system is complete and breadboard test­
mg to check the functioning of circuits has been satisfacto rily conclude d . 
The ARROW 2 system, using 40 KVA oil-cooled, brushless alternators 
and 4. 5 KW transformer r e t"f" • .; . . - c 1 ier umts, 1s describe d in r e f e r e nce 8. The 

th 
portmg pe~wd _has been mainly taken up with the production of ARROW 2 
eorettcal c1rcu1ts and pre t· f para tons or breadboard testing of the system. 

Breadboard tests for ARROW 2 w'll b . 
. 1 e s1m1lar to tho s e performed for the 

earlier airc r aft, and wil. take the f f. . . orm o 1nd1v1dual circuit functionin g to 

.] 

.J 
J 
J 
J 
] 

.1 

.1 
1 

.1 
l 
1 

l 
I 

I I 
I 



. ] 
______ A_ v_ 11_ o_A_1_11_c_11_A_F_r_L1_M_1 r_E_o ___________________ A V R g AR R O W ► 

.J 

J 
J 
J 
] 

.l 

.) 

_] 

.l 
l 
] 

l 

1 

1 

I 

prove the system on the basis of aircraft requirements. Loading tests, 
using actual equipment where available, will be carried out for v arious 
conditions of flight. 

Theor e tical e lectrical circuits for control of the armament hydraulic system 
have been de signed, and a br e adboard has been constructe d to test the 
system. Launcher operation tests have been carri ed out using the bread­
board. 

10. 3. 1 lNSTALLATlON DESlGN 

The de sign of theoretical circuits, equipment installation and wiring for the 
ARROW 1 is completed , although alterations and additions resulting from 
testing and changes of requirements are being incorpo r ate d as they arise. 

Electrical installat10n de sign for the ARROW 2 1s progre ssing on sche dule 
and basic theoretical circuits have be e n esta':)lished. The se are, howeve r, 
subJect to freque nt changes as they are in a stag e of design refinement. 
Schedules ar e generally being met, although ARROW 1 changes have inter­
fered with the progress of ARROW 2 wiring design to some e xtent. RCAF 
e valua tion of the ARR OW 2 mockup r esultet, 1n a number of change requests 
which ar e prese ntly under de sign consi de r ation. 

A majo r proble m affe cting the ARR OW 2 electrical system design is the 
decision as to the manufacturer of the power system. (Both Lucas-Rotax 
and Canadian Westing house are under consideration). As a r esult, design 
of the mam powe r panel for ARROW 2 is held up until the sourc e of e quip­
m ent 1s decide d upon. 

Howe v e r, engine e ring of the ARROW 2 system has been carried out, based 
on a Lucas-Rotax proposal. The Lucas-Rotax system was originally 
selecte d sinc e 1t was lower in cost and comparabl e in weight and perform­
ance to the othe r syste m proposal. 

10. 3. 2 LOAD ANALYSlS 

The e l ectrical load analysis for both the ARROW 1 and the ARROW 2 have 
be e n complete d . I n the case of the latter aircra ft, t h e load analysis 
de t e rmine d tha t two 40 KVA gene rators and two 4. 5 KW transformer­
r e ctifie r units would be . required. 

Load analysis for the first thre e ARROW 1 aircraft has shown that no 
p roble ms need be anticipate d in this respect. For the fourth and fifth 
aircr a ft howeve r, it will not be possible to use both de-icing and instru­
menta tion simultane ously with ASTRA 1. Provis10n will be included in 
the s e a ircraft t o a llo w s e le ction of e ithe r de-icing or i nstrumentation. 
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10. 4 ELECTRIC A L S YSTEM DEVE L OPME NT 

E lectrical system alterations due to functioning t est s a n d ch a n ges of r e qui r e -
ments are c ontinually being made, and are b rie fly de s c ribe d a s fo llows: 

10. 4 . 1 R E VE R SE CURR ENT RELAY 

As a result of breadboard testing it was foun d necessary to intr o duce a 
reverse current relay in place of the original r elay, to i so late t h e b a tte ry 
and the emergency DC buses in the event of a line fault. lt was di sco ve r e d 
that t he original relay al .owed a lock-on ci r cuit unde r these con ditions , 
whereby the b attery supp lie d the main bus , in a ddition to its de si gne d function 
of supply to the emergency and battery buse s ducrfog eme r gency conditions. 

10. 4. 2 RAM AIR TURBINE 

P rovision has been made in the ARROW 1 e lectrical s yste m for e x tens i on 
o f the ram air turbine supplying emergency hydraulic power. A c tuation i s 
initiated by the operation of a cockpit switch, energizin g a sol enoid valve 
in the extension mechanism hydraulic circuit . 

No action has y et been taken reganling the desi gn of a r am air t urbine e l e c -
trical circuit for AR R OW 2 as the location of the t u r bine m t h e a i rc r a ft is 
still being considered. It is anticipated however, that extension of t h e uni t 
will be initiated automatically on failure of the normal electr ical s u p ply, 
the turbine b eing required to provide both hydraulic and electr i cal e m e r­
gency power for ARROW 2. 

10 . 4 3 NICKE L-CAD MIUM BATTER Y 

A nickel-cadmium type battery is used in the ARROW electrical system . A 
thermal protection relay is highly desirable with this t ype of b att ery and w ill 
therefore be mcorporated in the ARROW 2 . T ests of b attery operati on at 
temperatures below - l 5°F indicate that a battery warm- up p e riod would be 
necessary if it were subjected to II cold soaking" below this temperatu r e. 
It is therefore proposed to rep lace the batte ry shoul d the aircraft b 
r e quir e d for immediate flight after cold soaking . 

A report on battery procedures is b eing prepared . 

10 .4.4 FUELSYSTEM 

The 7G% level warning s ignal has now been dele ted from the fue l l evel 
warning system in ARROW 1, as changes in fuel syst e m p ressures h a v e 
caused the 70% level t o become a normal conditi on during fl i ght . 

A change has been made to the minimum fuel distribution shift se quence as a 
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r e sult o f ARROW 1 fli ght r e quir e m e n ts. 
ha s a lso b ee n c hange d. 

T he p a r tial r e fue llin g se que nc e 

C i r cuit arran ge m e nts en sure t hat the ARR O W 2 exte rna l f u e l tank, which 
i s wir e d into the existrng C. G . c ontro l syst em, is dr aine d fi rst i n t h e 
se quence. The t a nk j ett i son c ircuit is e n e r gized a utomatically when m i s ­
s i le fi r m g is i nitiate d t 'o e n s ure that the tank i s j ettisoned b efo r e the 
m is sile doors open . 

An investi g a tion is p r e s ently b ein g c onduc t e d mto total f u e l indi cation in 
t he rear coc kpit for ARR O W 2 

10. 4 . 5 AlR C ONDITIONING 

Min o r improveme nts to ARROW 1 cockpit te mperatu re contro l wi ring hav e 
b e e n inc orpo rate d. 

An A RROW 2 t urbin un it o ve rspee d light has be e n a dded, a nd a p r ess - to ­
check swit ch introduced for the evaporator v e nting c o ntro l. 

A light introduced into the c oc k p it prov ide s w a rning o f air c o nditione d 
e quipment ove r heatin g, and r epla c es t he signal into the g round c h e ck 
a n nunciator b ox fo r both ARR OW 1 and A RRO W 2. 

10. 4. 6 LA N DIN G GEAR CO N TROL 

The AR RO W 2 " landing gea r up " w a r n ing cir c uit has b ee n change d to 
include a cut - out which operates at 10,0 00 fee t, to preve nt ope ration of the 
warning above that altitude. 

P rovision has been m ade fo r the supply of an e l e ctrical signal to the 
damping system on c ommencem ent of l a nding ge a r l owe r ing. This is 
required to switch the damping s y ste m t o low s pe e d ope ration c onfi gur ­
ation with l andin g gear do w n . 

10.4.7 DE-lC ING 

Radome de- i cing i s n o l onge r incorp ora t e d , although provi s i on has be en 
made for its inclu s ion at a late r date , if requir e d . A sing l e d e - icrng 
control box h as been introdu ced for w indshie l d and can opies on AR RO W 2, 
and de -icing o f t he obs / Al's pane l has bee n adde d. 

10. 4 . 8 FlRE PROTE CTIO N 

T he inertia crash s witch has been d e l e t e d as it was con s i de r ed that inadver ­
tent operat10n of t h e u nit due to v ibration was a possibl e disadv a n tage out­
weighi ng the advantages of u s ing t he swi tch. 
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10. 4 . 9 FLIGHT SER VlCES 

A position potentiometer, drive n by the right aileron, has been added, and 
is connecte d to the co c kpit indicator to provide separate indication of both 
l e ft and right ailerons . This allows correct indication of aileron position 
for ARROW 2 with the addition of 4° up actuation at 45,000 feet. 

Wiring of the Obs / Al 's bail-out warning has been changed. The circuit is 
now supplie d directly from the batte ry . This is a result of an RCAF change 
request for ARROW 2 . 

10 . 4 . 10 LANDlNG AND TAXI LlGHT SWITCH 

The landing and taxi li ght switch has been altere d to read LANDlNG-TAXI­
OFF . It originally r ead LANDING-OFF-TAXI , but was changed at RCAF. 
reque s t. 

10. 4 . 1 1 MISSILE LAUNCHER RETRACTION 

The ARROW 2 armame nt system circuit s have been altered to allow the for -
ward missile doors to remain close d until the rear missiles are fir e d when 
in the "ALL" mode . This will minimize the e ntry of fumes into the ;rma­
ment bay. 
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11. 0 AIR CONDITIONING SYSTEM 

11. 1 GENERAL 

The ARROW is equipped with a simple air cycle air conditioning syste m with 
a water e vaporator included in the system to incre as e the cooling capacity. 
The evaporator in located betwe e n the heat e xchanger and the expansion 
turbine is a series circuit arrangement. 

The results of recent testing have required the introduction of a number of 
modifications to the ARROW 1 system. An e laboration of the necessary 
modifications is given in the following discussions. 

11. 2 ARROW 1 AlR CONDlTlONlNG SYSTEM 

The system for the first three aircraft is shown schematically i n Fig ure 22 . 
The system will b e modified for the fourth and fifth aircraft , to provide 
for the increased cooling load resulti ng from the introduction of the ASTRA 1 
test installation. 

11. 2. 1 FIRST AIRCRAFT 

All syste m components, with the exception of the turbine -fan unit, h e at 
exchange r and boile r are being subjected to pre-installation tests on the 
air c onditioning syste m test rig. By this procedure, the necessary syste m 
modifications and component adjustments can b e made , and installation 
procedures and t e chniques established, before final assembly in the air­
craft. Syste m components are being tran sfe rred directly to the aircraft, 
once test requireme nts have b ee n met. 

Some modifications to t h e system have been n ecessary as a r esult of these 
t e sts. The ar e as affecte d ar e indicated in Figure 22. 

11. 2. 1. 1 Equipme nt cooling circuit 

T e sts on the syste m t e st rig have reve aled a temperature stratification in 
the e quipment cooling circuit du cts . The appar e nt c aus e of the unsatis­
factory temp rature distribution was rnadequate mixing of the hot and 
cold ai rflows. The sit uation was corrected by inserti ng flow deflectors 
in the hot ai r by-pass duct and the augm entor air duct (Fi gur e 23) whe re 
the y e nte r the main cooling-air duct. T his modification is b e ing incor­
porate d in the ARROW 1 syste m de sign. 

11. 2. 1. 2 Cockpit t mperature contro l circuit 

An unstable cockpit t e mpe rature was obse rved when the t e mpe rature setting 
of the p ilot ' s con trol the r mostat was suddenly change d. A sudden dema nd 
for increased c ockpit t e mpe rature resulte d in the following sequence of 
e v e nts: 
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( i) T he hot - air bypass val ve open d fully to ac commodate the incre as e d 
tem perature d e m ands of t h e c oc kp i t. 

(ii) T he flow of air into the coc kpit at a t e mperatur e we ll a bove the s e l e cte d 
te m perature operat d the ove r h eat t h e rmo stat (to ope n). 

(ii i) T h e b ypass val v e closed admitting a flow of c old air to the cockpit whi c h 
cooled the thermost at (to close ) . 

(iv) The bypass val ve aga in opene d fully an d the c ycle r e peat e d . 

M axi mum inlet te m peratures observed we r e in the ne i ghborhoo d of 25 0°F . 

An inve sti gation showed that the basic con t r o l sy s t e m, apart from t h e control 
thermostat feature, was not satis fac torily m a t c h e d with t he the rmal la g in 
the cockpit circuit. The valve response wa s too r apid and its s e nsitivit y t oo 
great. The der i vati ve circuit o f the t e m pe ratur e c o ntrol unit, inte rpr e t a ting 
the temperature se n so r s i gnal s fro m u p s t r e am and downstr eam of the cock­
pit, was not sufficiently matched w ith ac tual therm a l conditions. Improve d 
control characteristics were obt ained by modify ing t h e c ontrol c ir c uit as 
shown in F i gure 24 . 

The 400G ohm, resistor in paralle l w ith the contr o l the rmo sta t r e duces the 
response of the valve to a contro l signal. The 2 in icrofa r a d capac itor in 
series with the 2000 ohm, resistor ar e wir e d i n paralle l wi th the c o ntrol 
valv to introduce a time constant and reduce valve sensitivity. T he d e riv ­
ative circuit of the temperature contro l uni t was imp rove d by connec tin g a 
4 microfarad capacitor across c onnector p i ns F and H. These c omponents 
are be i ng packaged in a container which wi ll b e i nst a lle d i n the fi r s t an d 
subs e quent ARROW 1 aircraft. 

11. 2. 1. 3 Turbine outlet-tempe ratu r e control c i rc u it 

The purpose of this circuit is to cont ro l turbrne outle t te m pe r a tur e s with in 
specified limits of a s e lected control point te m perat u r e . T he c ompone n ts 
in the circuit are a temperature control unit, a c ontro l va lve l ocated up­
stream of the water evaporator, and a te mperat u r e s ensor located do wn ­
stre am o f the turbine outl et. (Figures 22 and 2 5) . 

T he turbine discha r ge tempe r atu r<:: is g ove rne d by t h e following expre s s ion: 

T2 = T1 / (~j k~l 

where: T 2 = turbine discharge t e m peratur e 

T 1 :,: turbine inlet t e m pe r ature 
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P 2 = turbine discharge pressure 

Pi = turbin e inle t pressure 

k = cp cv = ratio of spe cific heats 

Sinc e k is usually considered constant, the control point temperature, T 2 , 
is depe ndent on the turbine inlet temperature Ti and the pressure ratio, 
P1/P2, a c ross the turbine . Since T1 is governed by overall system char­
a cte ristics and the initial blee d air conditions, T2 can be maintained con­
stant only by varying the pr e ssure ratio. ln this system, the control 
valve ope rating as a throttling d e vice p r ovides the necessary control. 

The r e sults of t e sts in the air conditioning system t e st rig showed the sys­
t e m to b e unstable. The valve oscillated continuously about its optimum 
s e tting. Upo n inve stigation it was found that the controll e r and the valve 
w e re poorly matche d. A g e n e rally stable control of the control point 
t e mpe ratur e was obtained by changing the operating time of the valve 
actuator from 1 0 to 2 0 s e conds. In the first aircraft this is obtained by 
in t r o ducing a 1 0 microfarad capacitor conne cted as shown in Figure 25 
a n d adjustmg the controller settings as follows: 

Upper limit (continu ous "close " signal) 70, 0 00 ohms. 

U pp e r de a d band limit ("close" signal stops) 8, 800 ohms. 

Lowe r d e ad band limit ( " ope n" s ign al start s) 4, 80 0 ohm s. 

Lowe r limit ( c ontinu ous "ope n" s i gnal) 50 ohms . 

The s e c ontrolle r s ett ings are based on a c ontrol point t e mperatur e of 20°F 
with a p e rmissible var i at10n of 1 C°F on e ithe r side of the control point. 

The syste m is still unstable a t high Pi and low Ti. De v elopme nt work is 
continuing on a cam-ope rat ed valve to give line ar characteristics. 

11. 2. 1 . 4 Co c kpit flow control 

Rig t ests s h owed that coc kpit flow t e nds to b e high. The limits to t h e 
coc kpit inle t v alve w e r e adjuste d to r e strict the flow to approximately 
30 lb. / min. m axim um . 

11. 2. 2 FOURTH AND FIFTH ARROW 1 AIRCRAFT 

The a i r c o n ditioni n g syste m for the fourth and fifth ARROW 1 aircraft is 
es s e ntially the same as the syste m shown in Figure 22. The rnain dif­
fe r e nce is the d e l tion of the rain r e p e lle nt circuit. The rain repelle nt air 
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supply line 1s being re -route d to supply ai r to a small water evaporator and 
expansion turbine installed as an integral part of the armament bay instrument 

pa ck. 

The desi gn of this syste m is progressing satisfactorily. Obviously, develop­
ment flight testing of the system in the first three aircraft will influence the 
des ign of this variant of the system. 

11. 2 . 3 MAINTENANCE 

11 . 2. 3. 1 Water boiler filling t c • hnique 

The development of a filling technique which e liminates the use of a dipstick 
is presently being handled by Wayne Pump Co. The method proposed uses an 
off-the-shelf filling nozzle n1odified to AVRO r e quirements. The development 
of this item is well in hand; further details should be available in the near 
future . 

11 . 3 ARROW 2 AIR CONDl TIONlNG SYSTEM 

The ARROW 2 syste m is similar to the ARROW 1 system in principle only. 
The installation of the Iroquois e n g ine has resulted in an entirely new set of 
system inlet-air conditions. ln addition, a modified flight envelope, com­
bined with the installation of additional electronic equipment and missile 
armament, has led to an increase d cooling load. Conseque ntly, for the 
ARROW 2, the system has had to be completely r e -engineered. 

The system as prese ntly conc e ive d is adequately described in Report No. 
72 / SYSTEMS/ 22 / 4 8 , ARROW 2 Air Conditioning Syste m June 19 57. 

The des i gn of the system i s presently in an advanced stage; however, the 
r e sults of ARROW 1 testing and p e rformance analysis could very quickly 
change the status of the design program. P e rformance analysis, utilizing 
automatic computing machinery, is presently being prepared. Vendors 
for the development and supply of the require d system components have 
been contacted and the progre ss in this regard 1s satisfactory at pre s e nt. 

11 . 4 GENERAL DEVELOPMENT PROGRAM - AlR CONDITIONING 

A general t e st pro gram for system deve lopme nt, utilizing the static test 
rigs, the m etal airplane mock-up, and the aircraft test vehicles is b e ing 
considered. 

11. 4 . 1 T EST RIGS 

The ARROW 1 static test rig has been used most extensive ly up to the 
pre s e nt time. The t est program utilizing this rig is discussed in greater 
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detail i n P art 6, p ara 28 , un der T e sting. 

1 1.4.2 ME T AL AIRPLANE MOCK-UP 

A serie s of tests h a v e been sche d u led t o i nvestigate the proble m o f c oc k pit 
e nvironm ent. In c o n j unc t ion with the RCAF Ins t itute of Aviation M e di c ine , 
conside r ation i s be ing g ive n t owards ext e nding the s e t e sts to e xplor e 
pilot r e action an d beha v iour un d e r prolonged exposure to the cockpit 
e nvironme nt. 

11. 4. 3 FLIGHT T EST I NG 

T he fli ght testing of the system will b e discuss e d in subs e que nt quarte rly 
r e ports. 



12.0 LOW PRESSURE PNEUMA TlC SYSTEM 

12 . 1 GENERAL 

The low pressure pneumatic provisions in the ARROW aircraft consists of 
two indepe ndent systems, namely: 

1 . A pressurizing system supplie d by compressed air tapped from the air 
conditioning syste m downstr e am of the water evaporator. 

2. A pitot-static system using air pressure reference from a nose boom 
and a fin probe. 

The systems for the ARROW 1 and ARROW 2 aircraft a re es senti a lly the 
same . The ARROW 2 system is adequately d e scribed m R eport No. 72/ 
SYSTEMS/18/29, June 19 57 entitle d ARROW 2 Low Pressur e Pne umatic 
System. 

12 . 2 PRESSURlZATlON SYSTEM 

The syste m p rovides air pressure for canopy sealing, crew anti-G suits, 
armament pack se aling,ASTRA 1 hydraulic syste m pressurization, and 
ASTRA 1 wave guide and radar pressurization m the ARROW 2 aircraft. 

ln the ARROW 1 aircraft, no prov ision is made for the pressurization of 
the ASTRA 1 since it is not b e ing installe d in the aircraft. Provision 
s imilar to armament pack s ealing is being made for the flight test equip­
ment pack which replaces the armament pack. 

12. 3 P lTO T -STATlC SYSTEM 

This system is identical for both ARROW 1 and ARROW 2 aircraft except 
w h ere piping runs ar e re-route d to allow for structural or equipme nt 
installation differences in the two airplane variants. 

12 . 4 PR OGR ESS AND STAT US OF LOW PRESSURE PNEUMATICS 

ARROW 2 installation de sign is in progre ss . 

Functional testing for the ARROW 1 system has b ee n scheduled and will be 
r e ported in subsequent issues of this publication . 
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13 . 0 FIRE PROTECTION SYSTEM 

13. 1 GENERAL 

The fire protection system for the ARROW aircraft consists of the following 
systems : 

1. Fire detection sub-system, employing continuous wire detectors 
coupled to a pilot warning light system. 

2 . High rate discharge fire extinguishing system, employing CF2 Br2 
(Freon) as the extinguishing agent. 

The systems for the ARROW 1 and ARROW 2 aircraft are fully described 
in the following reports: 

Engine Installation Data Manual for CF-105 Mk. 1 Aircraft (Pratt & Whitney 
J75P3-P5 Engines) Part 2, Section 4 , April 1957 . 

ARROW 2 Fire Protection Syste m, Report No. 72 / SYSTEMS/23/31, June 
1957 . 

T he system is basically the same for the ARROW 1 and ARROW 2 aircraft; 
System differe nces are apparent in Figures 2€\ a'nd 27. The primary differe nc e 
between the two systems is the installation of a tertiary fire zone in each 
of the engine fire areas of the ARROW 2 aircraft. This tertiary zone is 
on the underside of the lroqouis engine, where the engine accessories 
are enclosed within a shrouded compartment. 

13 . 2 FIRE PROTECTION SYSTEM TEST PROGRAM 

A test program has been scheduled based on the ARROW 1 installation . 
The results of these tests are likely to influence syste m design for the 
ARROW 2 aircraft. 

13. 2 . 1 FIRE DETECTION .SUB-SYSTEM 

A full -scale test rig is being pre pared to check the ope ration of the com­
plete sub-system. The detector control units and the detector loops will 
be subjected to pre - installation tests . A c omplete report of these tests 
w ill b e available within the next quarter . 

Preliminary testing of the fir e de tector control unit has indicated that 
the trim resistors will have to be replace d by resistors of lower value. 
This will b e required to pr event premature warning of temperature rises 
in the potential fire areas . 
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13. 2. 2 FlRE EXTlNGUlSHlNG SUB-SYSTEM 

Di stribution tests on the extinguishing sub-system are presently in progress. 
The test rig is constructed to duplicate the piping for one of the engine fire 
areas and the centre bay equipment area of the first ARROW 1 aircraft. 
These t e sts will b e c ompleted within the next quarterly report p e riod. 

13. 3 EXTlNGUISHlNG AGENT DlSTRIBUTlON 

The fire e xtinguishing sub- system distribut ion t ests are based on a pre dete r­
mined distribution of extinguishing agent to the defined potent ial fire areas 
and zone s. The r e quired distribution is d e rived using t h e following e xpr e s­
sion: 

W = . 02 V + . 25 W a where 

W = requir e d weight of extin guishing agent in pounds 

V = the volume o f the fire area or z one being considere d,in cubic 
fe et 

W a= air flow through the compartme nt, in pounds per se c ond 

The r e q u ir e d distribution for the ARROW 1 , based on the above formula, is 
given in Table 'A'. The calculate d value s of the potential fire area volume 
and

0

airflow, and the actual w e ight of extinguishing agent allotted to the area, 
are included in the table . 

TABLE A 

Fire V Wa W - lbs. 
Ar e a Zone cu. ft. lb . / sec. Calculated Allotted 

- -

1 1 23 2. 0 .96 1. 0 5 

2 7 0 35. 0 10. 15 10 . 9 5 

2 1 23 2. 0 .96 1. 05 

2 7 0 35. 0 1 0 . 15 10. 9 5 

3 - 22 0 . 03 4.4075 12. 00 

13. 4 PROGRESS AND STATUS OF FIRE PROTECTION SYSTEM 

13. 4. 1 ARROW 1 SYSTEM 

The de sign of the syste m i s compl ete and with the exception of the items to 
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be subjected to p re - installation testing, the system is installe d in the first 
aircraft. The necessary adjustment s to the discharge nozzles of the e xtin­
guishing sub-system are dependent on the outcome of the distribution tests . 

Additional fire protection has been provided in the first aircraft for first 
flights to meet the specification requirements of CAP 47 9 and specification 
MIL - E -535 2A (USAF) para. 3. 3 . 4. The system consists of thre e bottles, 
each containing a charge of 22 pounds of Freon, mounted in the armament 
bay and connected to the basic extingui shing system, permitting discharge 
through the same no z zles. 

1 3. 4. 2 ARROW 2 SYSTEM 

This S'ji:stem is identical to tb e ARROW 1 sy s ·em, exce pt for the pro v ision 
of discharge nozzles forth ertiary zone of 1e engine fire areas. R e ­
routing of piping runs and detector wir in g w i ll be ne r; essar y due to t h e 
differenc e in engine installation. 

Provis10n for overheat warning, in addition to fir e warning i s now a 
requirement fo r the ARROW 2. A proposal fo r coc kpi t display of overheat 
wa ,.ning and fire warning signals has been submitted to the RCAF for 
approval. 

1 1 
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14 . 0 F UEL SYSTEM 

14 . 1 G E NERAL 

A high pre ssure fue l system employ ing t ank pr e ssurizat ion by air for fu e l 
t r ans fer and a re motely l o cat e d e n g ine drive n booster pump for engine fue l 
supply has bee n designed and deve lo p e d for the ARROW aircr a ft . The 
syste m for the two a i rc r a ft v ar iants i s a de quate ly de scribe d in the followin g 
rep orts: 

CF-105, B r ochure F -1 , F uel System, F e brua ry 19 56 

AR R OW 2 F uel System, R e port No . 72 / SYSTEMS/ 16 / 21, June 19 57 

D evelop ment testing of the A RROW fu e l syste m has be e n in pro gr es s for 
several m onths. Full-scal e te s t r i gs h ave b ee n the principa l tools in t his 
testing program. 

All syste m compo nents for the first a ir craft have b e en s ubj e cted t o pre -
mstallation t e sts and the system is n o w comple t e ly installe d i n t h e firs t 
a i rcraft. 

The development progr am for t h e ARROW fue l system has e n c ounte r e d the 
usual procu r e ment diffi cultie s a n d qua lific a tio n proble ms. Exa mple s of 
items which pre sent pr o curemen t diffi c ult i e s a r e the fue l booste r pum p s 
for the engine suppl y sub-syste m and the p roportion e rs for the fu e l tran sfe r 
sub-syste m. T he qualification p roblems usually r esult in the re l a x a tion 
of AVRO spec ificat10n r e q uirements to pe rmit r estricte d flight approval of 
c ompone nts . 

14. 2 ENGlNE SUPPLY SUB -SYSTEM 

Vendo r qualification tests for the fuel boo ste r pump indi c ate t h a t the A VR O 
specified fue l delive ry rates for the pum p a r e not b e ing a chie v ed. A d e liv­
ery rate of 65, 0 00 lb . per hou r is re p or t ed inste ad of the spec ified 100,0 0 0 
lb. per hour. T he vendor ag r e es t h at the s p ecifie d d e live ry r a t e s can b e 
achieved. Howeve r, deve lopment t ime and c ost a r e involve d . 

The fuel booster pump is being accepte d for ARROW 1 in s tallation w it h 
l imite d flight approval since pr eviou sly s pec ifie d de live r y r e qui re m ent s 
are not r e qui r e d for the J 7 5 eng ine s. A r e-appra isal of the max i mum fue l 
flow rate s require d by the Iro quo i s engin e in i t s de velope d state has b e en 
initiated with a view to savi ng part o f the c ost of de v e loping pum ps w i t h 
the spe cified de live ry cap a city . 

14. 3 FUEL TRANSFER S U B-S YSTEM 

The fue l transfe r system provides for the c onveyance of fue l from the 

127 



l 28 

AYND AINCNAFT 1/M/TED --------------- ------

tributary wing tanks and fuselage tanks to the wing collector tanks. The fu e l 
is forced through the transfe r system by the internal tank pressures supplie d 
by t h e air pressurization sub-system. 

Since the aerodynamic characteristics of the aircraft demand a f~irly clos e 
contro l of its centre of gravity, som e provision for the control ot centre. of 
gravity of the fu e l load is necessary. T wo propc<-·.ls t o meet these require­
ments were submitted and are presently in advanced stages of d <!velopment. 

The proportioning method of fu e l centre of gravity control provides for the 
emptying of the tributary tanks at rates proportional to the respective tank 
capa cities. Thus, starting with all tanks full, all tanks are emptied m the 
same elapsed time. 

The sequencing metho d for t he control of fuel centre of g ravity provides for 
the emptying of individual tanks in a pre-determined orde r . The orde r in 
which the tanks are emptied is such that the aircraft centre of g ravity 
remains within t he specified limits of 28% to 31 % MAC . 

14. 3.1 FUEL P R OPORTIONER (FlGURE 28) 

The fu e l proportioner showed evidence of mete ring inaccuracies under low 
flow conditions together with the a pparent seizing of the bypass valve, when 
subJected to tests in the system test rig. An exam ination of the unit 
r evealed a swelling of the metering vanes and corrosion of t h e seals between 
chambers of the bypass valve. 

Redesign of the metermg vanes has corrected the swelling. A carbon-bas e 
material is now used in place of the original phenolic-base material. 
Further testing with the modified proportioner has shown that the metering 
inaccuracies are now tolerable for low flow conditions over extended p e riod s . 

The difficulties with the bypass valve are e xpected to be overcome by a change 
of the material used for the inter-chamber sealing . 

Fuel proportioners are now installed in the first aircraft of t h e ARROW 1 
series. Ten of these units were originally ordered for installation in the 
five aircraft of this series. However , with the units on test in the g round 
test rig, and making some provision for spares, it w ill be po ssible to 
provide only the first three aircraft with proportione r units. Hence , 
de p ending on the availability of new units, the fourth and fifth aircraft may 
be e quippe d with eith er the fuel flow proportioning units or the fue l sequenc­
ing sub-systems. 

14. 3. 2 FUEL SEQUENCING SYSTEM 

A set of fue l tank dramage sequencing units together with the associated 
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syst m components have been received by AVRO . The system is being 
install d m the ground test rig and will be subjected to functional testing, 
commencing in January 1958 . 

Fuel transfer by sequencing is presently contemplated in the ARROW 2 fuel 
system design. 

14. 4 PRESSURIZATION SUB-SYSTEM 

A reduced internal pressure for the fuel tanks has been specified. Whereas 
the nominal internal pressure previously selected for the wing fuel tanks 
was 25 psia, the reduced allowable nominal pressure 1s now 19 psia. 

The originally selected 25 psia pressure was based on the sum of the stan­
dard lCAO sea-level ambient pressure and the necessary pressure differ­
ential to effe ct transfer of fuel from the tributary tanks to the collector 
tank. Thus, at 14 . 7 psia ambient pressure, 10. 3 psi was available for 
fuel transfe r. By maintaining a constant 25 ps1 in the tributary tanks, suf­
fici e nt pressur e was avai l able to prevent fuel boiling as well as to effect 
fue l transfer under the most severe flight conditions. 

A review of the problem has indicated that a minimum differential pres­
sure of 8 ps1 is a de q u ate to effect transfer of fuel from the tributary tanks 
to the colle ctor tanks if advantage is taken of the capacity of the collector 
tank as an accumul ator . For a 19 psia system, this means that some 
spe cial pro v isions for the overboard release of air from the collector tanks 
is nec e ssary for altitudes up to 8000 fe e t . The minimum internal pressure 
r e quired to pre ve nt fuel boiling was fixed at 8 ps1a (see Figure 29). Thus, 
as indic ate d in the chart, the maximum pressure which could b e available 
for fuel tr a nsfe r is 11 psi. 

The installation of an air extractor capable of reducing collector tank pres­
sur e from a n ominal 14 . 7 psia to a nominal 11 ps1a establishe d the pres­
sure avai lable for fuel transfe r at 8 psi. Consequently, air-release valves 
and air admiss10n valve s w e r e redesigned to maintain the colle ctor tank 
pre ss u r e betwe en 8 and 11 psi . 

The ARROW 1 fu e l tank venting syste m was modified to a 19 ps1a syste m by 
r e s e tt in g the pressur e r e g u lators in the compressor bleed air lines. This 
involve d r e placing a spring, which, 1n conjunction with an evacuated bellows, 
dete rmi n e s the r e f e r e nc e pressur e to which the valve 1s designe d. 
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15. 0 HYDRA ULlC SYSTEMS 

The hydraulic systems included in the ARR OW may be describe d under three 
main he adings: the utility hydraulic system, the flying controls hydraulic 
sys tem, and the a r mament hydraulic system. All of the thre e syste ms 
m e ntioned o p erate at a nominal workin g pres sure of 40 00 psi, with an opti­
mum working temperature of 250°F a nd using the a irle ss circuit principle. 

There are no basic differences between the ARROW 1 and the ARROW 2, 
although certain alterations and improvements t o equipment have b e en 
carried out in the late r version . The armament hydraulic syste m will be 
be incorporated in the ARROW 1. 

15. 1 UTILITY H Y DRAULIC SYSTEM 

The utility system (ref. 9) is powered by two pumps, each of 20 gpm (US) 
capaci ty, one mounted on each e n gin e -driven ge arbox. The powe r circuit 
of the utility system constitutes a n unloa ding circuit and a loade d circuit, 
consisting of the pumps , pressure regulating val ve , heat exchangers, 
filters, accumulator, emergency brake accumulator, compensator and 
pressure control valve. 

15. 1. 1 SYSTEM DEVELOPMENT 

Further i nvestigation into developme nt of the utility system has b een 
car ried out, bearing in mind the possibility of transferring the supply of 
the ASTRA 1 antenna drive from the flying c o nt rol circuit to the utility 
circuit. This would have obvious a d vantages as the utility ci rcui t pumps 
are unloaded for 75 % to 90% of the flight t ime, and in addition t h e relia­
bility of the flying controls system would not be impaired by the antenna 
drive circuit. 

Operation of the antenna drive using t he utility system constant delive ry 
pumps would pr esent probl ems of pressure r egulator life and h eat exchang e; 
these problems are being cons i dered. Altern ative approaches to the 
problem, namely the evaluation of different pump combinations, a r e a lso 
under investigation and it is hoped t o provide some conclusions in l ater 
quarterly repor ts. 

15. 1. 2 WHEEL BRAKE H YDRAULIC SUPPLY 

Investigations into the implications of wheel brake hydraulic supply failur e 
have been undertaken to formulate ideas for improve ments to the eme r­
gency supply system. Parti cular attention has b e en paid to failur e s in the 
1500 psi line and to the i r effect on the normal system. 

Fusing the 1500 ps i line at the pr essu r e control valve was e valuated as a 
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h d f t • • the normal 4000 psi pr e ssure in the event of failur e of the --n et o o re aining 
1500 psi line . This was not pursued however, as loss of pressur e in the 1500 
psi system would de-pressurize the utility compensator and allow the pumps 

to cavitate, re sulting in loss of normal pressure. 

The alternative considered was to replace the 200 cu. in. emergency accumu­
lator with one of 100 cu. in. capacity and introduce a s ec ond accumulator of 
100 cu. in., char ge d from the normal 4000 psi supply, for e m e rg e ncy braking. 
only. An 80 cu. in. capacity fus e woul d be i ncorpo rated in the off- shoot line 
to protect the 4000 psi normal brakin g supply in t he event of a failur e in t h e 

off-shoot . 

15. 1. 3 PRESSURE REGULATOR VALVE 

The utility circuit p ressure regulator valve dive r ts pump flow into the unload­
ing circuit when the main accumulator pressure builds up to a maximum of 
4350 psi, and c onversely it diverts the pump flow back into the main circuit 
when the accumulator pressure fa lls to 385 0 psi. This loading and unloading 
feature was found on test to produce pr e ssure surge s above the tolerable maxi­
mum in both the pressure and t he return lines, in addition to rapid cycling of 
the valve. To obviate these surges, which could b ec ome detrimental to the 
e quipment, the 80 cu. in. accumulator in the pr essu r e line has b e en re placed 
by one of 200 cu. in. capacity and a small spheri cal type accumulator has 
been added to the return line. These alterations, together with modification 
of the. valve, have reduced t he surge values to an acc e p table figure. 

15 . 1 . 4 ANTI-SKID SYSTEM 

An appraisal of various types of anti-skid e quipm ent has been made with a 
view to installation and evaluation of an anti-skid syste m in the ARROW . 
The Goodyear and Hydro-Aire companies have been asked to t end e r propo sals 
for test installations of electrically operated anti-skid syste ms to be fitted 
to an aircraft for braking tests. 

AVRO is making an analytical attempt to determine the parame t e rs which 
have a b_earing on the natural frequency of the landing gear . Initi al taxi 
trials_ will supply dynamic data to permit prediction of the braking char­
acteri s tlcs. This will determine what anti-skid characte ristics are requir ed. 

15. 1. 5 BRAKE CONTROL VALVES 

The wheel brake hydraulic control valves were 
an excessive pedal loa d for their 
amount of pedal deflection i. e.: 

fouud during tes ting to r e quire 
co rrect operation an d t o require an un due 
excessive trav e l of the valve operating lever. ' 

To remedy this undesirable f t · 
ea ure it was n ec essary to reduce the travel of 
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the valve operating lever fro m 3 inche s to 2 5 / 8 inche s and to r educe the 
maximum valve operating load from 90 to 80 lb . , thereby l essening p e dal 
loads. 

15 . 1. 6 PRESSURE CONTROL VALVE 

Choice of constant delivery pumps for the utility syste m made it n ecessary 
to modify the combined pressure control and pressure redu c in g v alve to 
handle the low pressure pump bypass. The modification took the form of 
the addition of a second relief valve in parallel with that existing for the 
ARR OW 1. Failure of the pressure regulator would have m eant that one 
relief valve had to handle a flow of 40 gpm from the two pumps unde r the 
previous arrangement, whereas this would now be divided between two 
relief valves. A single , larger capacity r elief valve was introduce d for 
ARROW 2 . 

Testing of the pressure control valve induc e d a failure in the valve body 
under hydraulic pressure. Revi s ion of the valve body design to improve 
its s t ructural strength rectified the fault . 

1..,. 1. 7 SPEED BRAKE JACK 

A restrictor has been incorporated in the speed brake jack to limit its 
extension pressure during retraction of t h e speed brake. This pr events 
an excessive pressure build-up in the jack cause d by the air loads assist­
ing retraction, and by the restricti'on of return pr e ssure. 

15. 2 RADAR AN TE NNA DRIVE HYDRAULlC SUB-SYSTEM 

T he ASTRA 1 radar antenna drive hydraulic system is powe red by a motor­
pump combination, the motor portion of whi ch is drive n by a pressure of 
4000 psi from the flying controls hydraulics 'A' syst e m, and i s controlled 
to 3 1/2 gpm by a built-in flow contro l valve. The pump is of the constant 
delivery type, supplying the antenn a drive system with 13 gpm at a pres ­
sure of 1000 psi. T his motor-pump combination is designed to stall with 
a load of 1000 psi in the antenna drive system. An accumulator in the motor 
drive lines maintains the pressure shoul d the flymg controls demand suffi­
cient fluid to starve the motor system. System over loading i s prevented 
by a relief valve set at 1250 psi. A diagram of the system i s shown in 
Figure 30. The motor-pump and major items o f e quipment in the 1 0 00 
psi portion of the system are government furnished as part of ASTRA 1. 

15. 2. 1 EFFECTS OF FAILURES 

The e ffects of failures in the antenna drive system have been analyzed as 
follows: 
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(a) A failur e of t he motor-pump supply lines would cause loss of fluid from 
the flying controls 'A' system . The aircraft would remain in a safe 
conditi on howe ver , as full rate of control would b e available from the 
flying contro ls 'B' system, although at a r educ e d available hinge 
mome nt. 

(b) Failure in the antenna drive supply from the motor-pump combination 
and r esulting loss of fluid would cause the pump t o seize . This could 
stall the motor or shear the dn v e s h a ft between the motor and the 
pump. Loss of fluid from the flying controls 'A' system could only 
occur if the motor casing were to burst; thi s is extremely unlike ly. 

15. 2. 2 CHOICE OF DRIVE SOURCE 

T he flying controls hydraulic syste m was c hosen to supply the antenna drive 
as investigat ions show that the use of the utility syste m as it now exists 
would present difficulties. A constant blee ding of pre ssure from the utility 
system for the antenna drive would cause continuous cycling from loading 
to unloading in the pressure regulat or valve, giving ris e to rapid we ar of 
this unit . 

Alternative methods of driving t h e antenna , to obv iate the us e of the flying 
controls system, are being studied, including a m e thod employing the utility 
hydra ulic system. 

15 . 3 FLYING CO NTROLS HYDRAULIC SYSTEM 

T he flying controls hydraulic system (re f. 10) is dup licated as 'A' and 'B' 
systems respectively. Each system is powe red by two variable delivery 
pumps, one driven by each engine . The system includes heat exchang e r s , 
accumulators, compensators, pressure r e ducing valve and filt e rs. Powe r 
for the ASTRA 1 antenna d rive is supplied by the 'A' flying controls hydrau­
lic system. 

i 5. 3 . 1 ACCUMULATORS 

The accumulato r s used in th e flyin g controls hydraulic system are of 10 0 cu. 
in. self-displacing type for ARROW 1 . lt has since b e en discovered how­
ever, that the capacity could be safe ly redu ce d to 25 c u. ·rn . . for ARROW 2 
and still retain adequat e valve fr equency r espons e c haracte risti cs . This 
change has b een incorporate d in design as well as a further simplification 
and w e ight reduc tion, in that the 25 c u. in. accumu l ator is of the floatin g 
system type . 

15. 4 ARMAMENT HYDRAULIC SYSTEM 

The sche mati c design of the armament hydraulic system ( r e f. 11) was finalized 
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in late 1956 and no major alterations have since been necessary. Detailed 
engineering work has subsequently been concentrated on analytically proving 
the performance and studying the expected characteristics of the system. 
Progress has mainly consisted of definition of equipment and specification 

requirements. 

The testing about to commence for the armament hydraulic system will 

take the form of: 

1 . Functioning tests. 

2 . Temperature tests. 

3. Ground firing tests. 

4. L eakage tests. 

Two problems connected with the system have recently been solved. These 
are: 

1. Deflections of the forward missile jack drag links during e xte nsion have 
caused tne change from series to parallel in the hydraulic circuit at the 
incorrect moment. This is attributable to premature operation of the 
micro-switch, which is actuated by the drag link. This trouble was 
overcome by attaching the micro-switch to the jack shroud and causing 
it to be actuated directly by extension of the jack, thus providing posi­
tive operation. 

2. D ampers were found necessary in all four rear jacks to relieve the 
impact of extension by reducing the velocity of the last portion of the 
extension stroke. 

15. 5 EMERGENC Y POWER 

An investigation of the problem of emergency provision of electrical and 
hydraulic power after double engine flame - out has been completed. Two 
aspects of the problem were considered: 

(a) Providing sufficient electrical AC power to bring the aircraft into the 
engine relight zone after double eng ine flame-out. 

(b) The use of a ram air driven turbine to provide sufficient electrical 
AC power and hydraulic powe r to land the aircraft after a double 
engine flame-out. 
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15. 5. 1 RELIGHTING - BOTH ENGINES WlNDMlLLlNG OR O NE E NGI N E 
SEIZED 

R e f e rence to the curve of flying contro l pump delivery vs. Mach numbe r and 
a ltitude (Figure 31) will show that the output limitati ons of the eng ine - driven 
alternators with J7 5 engines windmillmg are Ma c h 1 . 0 at sea l eve l to M ach 
1. 5 at 55,000 feet. lt can be se en, therefore, t hat to bring the aircraft into 
the relight z one an emergency source of AC e l ectr i cal power i s necessary, 
DC being available from the battery. 

To m eet the essential electrical power requirements for ARROW 1 i t was 
decided to utilize a hydrauli c motor-driven a lternator, p owered from the 
utility hydraulic system. The windmilling e n gines driving the utility system 
pumps also provide sufficient hydraulic power for limite d flyin g control 
actuation. ln the " one engine seized" case, eme r gency e l ectri cal power 
would still be provided due to the duplication of the utility hydraulic system. 

15. 5. Z LAN DING - BOTH E NGINES WlNDMlLLlNG OR ONE E NGINE 
SEIZED 

lt will be observed from Figure 31 that the windmilling engines are capab le 
of supplying sufficient hydraulic power to control the aircraft down to Mach 
0 . 4 at sea level or Ma ch 0. 85 at 55,000 feet. Therefore, for landing the 
aircraft, it is necessary to provide emergency hydraulic powe r i n addition 
to e l ectrical power. 

A ram air driven turbine will be installed on the first three ARROW air craft 
of each version, thus providing an insurance for aircraft using r e l atively 
undeveloped engines. Beyond these six aircraft the reliabil ity of the engines 
and associated systems will be more adequately proved and it should then 
only be necessary to supply emer g ency e lectrical power . ln the ARROW 1 
case the ram air turbine will be required to supply e mergency hydraulic 
power only, as D C is available for telecommunications e quipment from t h e 
battery and structural considerations limit dep loyment of the turbine to 
below 350 knots. lt is intended that the ARROW Z installation supply both 
hydraulic and AC e lectrical power for landing. 

A single ram a ir turbine is being c:.s_d to power an alte r nator and a hydraD -
li e pump on a common drive shaft. The turbine is installed inside the air ­
craft and extended into the slipstream when emergency po we r is r e quired. 
Hydraulic diagrams for extension of the unit and connection int o the fly ing 
controls hydraulic system are shown in F igures 32 and 33 . 

To m eet damping system requirements at hi g h M ach numbers the e mergen cy 
electrical power will be available within Z to 3 seconds a fter main supply 
failure, actuation of the turbin e extension mechanism being initiated by m a in 
AC supply failure for ARROW Z and by a cockpit switch for ARROW 1. A t 
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the limiting aircraft speeds for operation of the main AC supply by wind­
milling engines (Mach 1. 0 at sea l eve l and Mach 1. 5 at 55, 000 f eet) the 
turbine will accelerate to operating rpm in about 1/2 second, thus allow­
ing about 2 seconds for extension of the unit. 

The source of power for extension and retraction of the turbine is the 
utility hydraulic system, as at the time the unit is required the hydrauli c 
system pressure is maintained by the windmilling eng ine s. 

lt has be ,·n. calculated that hydraulic power to m eet stability and control 
requirem~n ts for landing can be supplied by a 10 gpm, 500 psi pressure 
pump, feeding one flying controls hydraulic system. This requires an 
input of 3. 25 HP, assuming a pump efficiency of 90%. The emergenc y 
electrical power required for ARR OW 1 is 0. 425 KVA and for ARROW 2 is 
1. 4 KVA. Assuming a power factor of 0. 9 and an alternator e ffici ency 
of 80%, the electrical power requirements totaled 0. 64 HP and 2. 11 HP 
respectively. Therefore, the ram air turbine is required to supply a 
total of 3. 8 9 HP for the first three ARR OW 1 aircraft and 5. 36 HP for 
the first three ARROW 2 aircraft . 

Consideration of the power requirements and aircraft landing speed has 
led to the selection of a suitable turbine unit for testing in the first air­
craft. An extensive test program will be necessary to establish the 
airworthiness of the installation. 

15. 6 INSTALLATION DESIGN - HYDRAULICS 

15. 6. 1 ARROW 1 

Installation design for the ARROW 1 hydraulic system is now complete. 
Minor changes and additions as a result of system deve lopment or manu­
facturing problems are being incorporated as they arise. 

15. 6. 2 ARROW 2 

The ARROW 2 mock-up has been evaluated by the RCAF and the resulting 
change requests are presently under con side ration. Sche mes for instal­
lation of equipment are complete and some production drawings for the 
installation of major components have been issue d. 

Hydraulic piping layouts are proc eeding on schedule from information 
obtained from the mock-up and equipment mounting schemes. 

15. 7 PROGRAM FOR HYDRAULIC SYSTEM DE VELOPME NT 

The program of work to be carri d out on the hydraulic system includes: 
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1. An investigation into the effects of windmilling Iroquois e n gines. 

2. An analysis of braking characteristics. 

3. Further study of the source of power for the ASTRA I radar antenna 
drive, associated with revision of the utility hydraulic system. 

4 . InstaL.ation details , analysis and testing of the emergency ram air 

turbine. 
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16. 0 FLYING CONTROLS 

16 . 1 GENERAL 

The ARROW flying control system (ref. 12) comprise s fully power e d, 
hydraulically actuated control surfaces. Control in normal or auto-pilot 
operation is provided by a servo system using electrical input signals and 
hydraulic output servos to provide control surface actuator move m e nt. An 
e m ergency system of contro l is provide d which e mploys a mechanical link­
age from the cockpit controls to the control surface actuator valves (ref. 
Fig ures 35, 36 and 37) 

The functions of the complete flying control syste m are to control the air­
craft in a rbitr arily commanded manoe u v res and to stabilize the aircraft 
in these manoeuvres. Stabilization is accomplished by the damping system 
(ref. para. 4). 

T he flying control system, while being fairly well established, has under­
gone several changes to improve its operation . The following comme nts 
are relevant t o these changes. 

16 . 2 ELEVATOR CONTROL 

To supplement the feel springs, a bob weight is installe d in the torque 
tube which provides some natural feel proportional to g in the pitching 
plane . This formerly produced a stick force of 3 lb /g but has now been 
i n creased to 4. 2'5 lb/g. A bob weight balancing spring is provided to 
eliminate stick forces when in level flight. 

The parallel servo is an electro-hydraulic actuator which performs the 
function of initiating control movement upon c ommand from the stick 
force system on the automati c flight contro l system. The servo was 
formerly limited to an output force of 165 lbs which has been increase d 
to 1 75 lbs . 

T he linkage sensitivity has been changed from 2 1/ 2% to 5%, where 
sensitivity is defined as the ratio of the stick movement r e quired for 
total valve movement (fully open to fully close), to th6 total available 
s t ick move ment . This was accomplished by altering the actuator linkage. 
(Fig ur e 38). The servo elevator and aileron stroke was then changed 
from± . 6 inches to ± . 375 inches. 

The elevator feel trim unit is connected to the rear fusela ge e levato r 
quadrant . In the event that the feel unit becomes jammed or seized 
or runs away, an emergency release mechanism is provided which is 
controlled by a manual switch in the pilot's cockpit. The releas e of the 
mechanism will then a llow the system to operate fr eely but with the absence 

SECRET 
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of feel. The elevator feel t rim unit performs an auto trim function du r i ng 
automatic and manual mode s of control. This preve nts the sudden "bump" 
force at the stick if the paralle l servo should dis engage, and is accompli she d 
by having the auto function controlle d by a diffe rential pressure switch in the 
paralle l servo . The load initially react ed by the parallel ser vo is then trans­
fe rred to t he auto trim function. 

F orme r ly a ball detent clutch was provided integrally with the feel trim unit. 
Thi s has been r e placed by a friction disc type clutch. 

The e levator feel sprin g is the positiv e break-out force type. The spring 
rate has been chan p,ed from 113 lb/in t o 75 lb/in . The fee l spring is adjus ­
table betwe en O and 24. 5 lbs . 

16. 3 Al LERON CONTROL 

T h e s e nsitivity of the aile ron control system is also c hanged from 2 1/2% to 
5% and accomplishe d in a similar way to the change of e levator sensitivity. 

A fe atur e nas been incor porated on the A RROW 2 to improve the hi g h altitude 
perform anc e of the a ircraft . At high altitude both a ile rons are automatically 
de fl e cte d up 4° . Normally the elevators would impo se excessive trim drag 
in provi ding sufficient trim for the shift of centre of grav ity. The aileron 
de fl e ction is controlled by an altitud e sensitive switch which controls an 
ele ctrically a c tuate d adjustable linkage a nd automatically varie s the a ngl e 
betwe e n the r e ar quadrant l e vers. 

16 . 4 RUDDE R CONTROL 

lt was found , during e v a lua t i on of the rudde r cont r ol system, that some 
valve oscillation occurre d . This v e ry unde sirable f eatur e i s apparently due 
to the lack of d a mping of the valve and feedback linkage. A damper is being 
arrange d on the v alve spin dle with the obj e ct of proving the effectiveness of 
damping in preve nting valve o scillation. 
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1 17 0 OXYGEN SYSTEM 

I T ~e ARROW is equ ipped with normal and eme r gency oxygen systems con-

1 sisting p rimarily of a liqu id oxygen conve rter and pressure regulator, with 
■ · e m ergency gaseous oxyg e n cylinders for each c r e w member (r e f. 13). 
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17. 1 OXYGEN SYSTEM DE VELOPMENT 

Since its inception the oxygen syste m has undergone various changes, main­
ly of e quipment, which incorporated a re du ction of system workmg pressure 
from 300 psi to 70 psi. The major changes are as follows. 

17 . 1.1 OXYGEN REGULATOR 

The oxygen regulator is of the pressure demand type with an optimum work­
ing pr essure of 70 psi . T his unit was r ece ntly change d, at the r e quest of 
the RCAF , to facilitate the use of small bore tubmg, and a Fir e wel type 
F240 0 regulator. 

17. 1. 2 LIQUID OX YGEN CONVERTER 

When the ARROW oxygen system de sign was in its early stages the only 
available liquid oxygen converters r e quired char ging from outside the air­
craft, which was not compatible with ARROW t u rnaround time require -
m ent s . Consequently act10n was taken to secure a specially designed con ­
verter with a quickly exchangeable liquid oxygen containe r. Se veral prob­
lems arose with design and qualification of this device. M eanwhile , "off­
the-shelf" equipment meeting ARROW requir e ments became available 
and it was decided to supersede the special de sign with the standard i te m 
which is now available. 

1 7. 1. 3 QUANTITY INDICATION 

A quantity indicating repeater gauge has been added to the obs/AI's 
c ockpit, which was previously equipped with a low level warni •~, li ght 
only. In the ARROW 1 aircraft, the pilot's indicator will b e c .:.librat ed 
in litres and the repeater umt in percentage. The A RROW 2 syste m will 
have both instrum ents calibrated in percent. A " powe r-off" warrnng 
flag in each gauge mdicates failure of its e lectrical supply. 

17. 1.4 EMERGENCY OXYGEN CYLINDERS 

The introduction of Mk. C-5 Martin-Baker ejection s eats necessitated 
repositioning the e mer gency oxygen cylinders, originally situated behind 
the seat, to the location beneath the seat pan. R estr icte d space in the new 
posit10n requir e d the e mployment of special " L" shape d oxygen cylinders 
of small diameter . 
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18. 0 ARMAMENT SYSTEM 

18 . 1 GENERAL 

The armament of the ARROW 2 consists of four Sparrow 2D missiles housed 
in an interchangeable pack. In general there has been ve ry li t 1·le alterat10n 
from the original armam e nt confi guration. 

18 . 2 ARMAMENT SYSTEM CHANGES 

T he fo llowing items are currently und e r review for de sign improvement or 
b ecause of changes in requirements. 

( 1) M issile protection 

( 2) R i gidity effects on Antenna line of s ight 

(3 ) D ynamic study of the missile launcher 

(4) M issile electrical c ir cuitry 

18. 2 . 1 MlSSlLE PROTECTION 

Due to the location of the missiles in their semi-submerged position in the 
armament pack, they are subject to a te m perature rise from skin fri ction 
at high M ach numbers. 

The missiles have been designed to withstand t e mperatures that may be 
encounte r ed during prolonged periods of flight at Mach 1. 5, whereas the 
aircraft has capabilities of Mach 2 for p e riods betwe e n 1 0 and 15 mrnute s, 
with a subsequent skin temperature rise to about 275°F. This temper­
ature could be detrimental to the performanc e of the missile. 

C anadair A i r craft Limite d has agreed to conduct tests to obtain the temp ­
erature tolerance of t he missi le. The s e t e sts have b een scheduled for 
Janua ry or February of 19 58 . l n the meantim e AVRO is investi gating the 
poss ibi lity of protecting the missiles from the ambient envi ronment, with 
either a low density or frangible cocoo n around e ach missile. A furthe r 
cooling aid for the missiles is available, by ducting the e xhaust air from 
the co ckpit ai r conditioning supply throu gh an airspace between the lowe r 
surface of the miss ile s and their cocooning mate rial. This would b e in 
addition to circulating cooling air above the missiles in the weapon pack. 

In addition to the temperatur e problems of the missi l e, which may b e 
solved by the actual m issile t e mpe r atures falling within the temperature 
toleranc e, there will still remain the nece ssity of prote ction to the mis-
sile radome from stones, slush, e tc., that can be thrown up by the airc r aft 
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nose wheel and also the effect of rain erosion during flight. If a cocoon is 
adopted for temperature control , it would also provide the necessary protec­
tion from physc1al contact with the radome. 

A VRO 's studies on m1 s sile protection are still of a preliminary nature. 

18 . 2 . 2 RlGlDITY EFFECTS ON ANTENNA LlNE OF SIGHT 

Although lines of sight of the aircraft radar ant enna and the missile antenna 
can be parallel within acce ptable limits on a static check, it is possible that 
they may be unacceptable during flight, due to lack of structural rigidity. 
This fact has been apparent for some time , but due to pre ssu re of other work, 
a study of rig idity effects on antenna line of sight has not been started. 

18. 2. 3 DYNAMIC STUDY OF THE MlSSILE LAUNCHER 

A study has been undertaken to analyze the e ffect that the increased l ength of 
launcher rail (60 inches total length) will have on the traj ectory of the mis­
sile . The results of this study are not yet available. 

18. 2. 4 ELECTRICAL CIRCUl TRY 

The electronic circuits can be divided into two parts. 

(a) Actuating circuits 

(b) Firing circuits 

The actuating circuits consist of the m1ss1le lowering and door operation, 
while the firing circuits consist of missile sequence, firing, j ettison and 
launche r retract10n. 

18.2 .4.1 

During the early stages of the desi gn inve stigation for a Sparrow 2D missile 
installation on ARROW 2 aircraft, certain assumpt io ns had to be made by 
AVRO, due to the lack of adequate data on the Sparrow missile system. One 
of these assumpt10ns was that automatic missile jetti son of any unfired 
missile would be accomplished just prior to aircraft breakaway. This was 
due to a 4g restriction on aircraft mano e uvr e while car rying missiles. 

From data now available at AVRO, it was learne d that it is not practicabl e 
to apply a jettison signal just prior to a breakaway, h e nce a redesign of the 
missile firing circuitry has been undertaken. A stress investigation is being 
conducted to check the exi sting structure for a 7. 33g m a noeuvre with mis­
siles in any position. This investigat10n will not be completed until De cember 

1957. 
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18.2.4. 2 

lt was origmally thought that if the aft pair of missile s was fired before the 
forward pair , there was a possibility of the missiles fouling each other. 
Recent tunnel tests provide a sufficient weight of evidence to conclude that 
a restriction on the firing order is not necessary. 

The firing order will be arranged such that whiche ver missiles are locked 
on to the target will b e fired when the firing pulses from the intervalometer 
are fed through at half-second intervals. lf two or more missiles are 
locked on at the instant of a firmg pulse, they will be fired in ascending 
numerical order of missile arrangement. 

18 . 3 MISSILE CHANGES 

The fo llowing changes to the Sparrow 2D missile have been r e quested. 

(a) Umbilical plug 

(b) Miss ile arming time 

18. 3 . 1 THE UMBILlCAL PLUG 

Because of the structural requirements for a semi-submerged missile 
installation, it is not possible to insert the umbilical plug by hand, as is 
the current practi ce on missile installations involving the use of a pylon­
suspended missi le. 

AVRO is proposing to use an adaptation of a proposal presented by Douglas 
Aircraft Company involving a self-engaging umbilical plug . The use of 
this scheme would invo lve a change to the umbilical plug receptacle 1n the 
missile body. The RCAF was notified of this on 25 February 1957 (AVRO 
letter Ref. 5746/0 3/J) . 

18. 3. 2 MISSILE ARMING TIME 

D ue t o the unguided distance from the missile launcher to the aircraft nose, 
it 1s considered n e cessary from an aircraft safety aspect to incre ase the 
period of time required for functioning of the missile arming device. The 
RCAF was advis e d of this on 24 July 1957 (AVRO l e tte r Ref. 9174/03/J). 

L. 

l. 
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Mk 4 e j e ction s e at , and the de cision to adopt the Mk. C-5 seat led to instal­
lation alterations. Struct ural improve ments to the seat caused a reduction 
in the spac e between the rear of th e seat and the cockpit bulkhe ad. This 
necessitate d r e positioning the e mergency oxygen cylinder to a position 
beneath the seat pan, which in turn r e quired the introduction of a special 
"L" shape d cylinder of small diameter to utilize the available space. Minor 
s t ructural a lte r a t i ons to bulkhe ad members were also carried out to allow 
the s e at to be fi tte d . The s e alterations ar e now complete . 

19 . 1. 3 OXYGEN REGULATOR 

A change of oxygen regulator institute d by the RCAF, and the relocations of 
the em e rge ncy oxyg e n bottle, made it nec e ssary to slightly reposition this 
unit. This has now b e en done and the required Firewe l type F2400 regulator 
i s fitte d b e neath the s e at pan . 

19 . 1. 4 QUICK DISCONNECT 

To provi de for the us e of a s mall bore oxyg e n lead for the crewman's supply 
it was n e c e ssary to make a m inor modific ation to the complete l e ads quick 
disconne ct on the s e at . 

19. 1. 5 MOCK - UP CONFERENCE 

The e scape syste m was insp e cte d by the RCAF at the ARROW 2 mock-up con­
fe r e n ce and as a r e sult a c hange reque st for an additional canopy firing 
cartridg e was rai s e d . T he requirem ent is b e ing complie d with and will pro­
vide a dditional interna l explo sive opening of the canopy, in case the normal 
cartridge fail s to detonate. 

19 . 1 . 6 HUMA N FACTORS ENGINEER I NG 

A human engineerin g study to detern1in e the natur e of delays in escape due 
to communication b etween the p ilot and observer is being carrie d out at 
AVRO using RCAF a nd Comp any ai rc r e w as subjects . The results of the 
study w ill b e dis cu sse d i n t he n ext i ssue of this r e port. A minor outcome 
of the study was the tran s fer of the pilot's bail-out warning switch from 
the fir e and fuel panel to the aft side of the throttle box on the ARROW 2 
where the switc h (now of a reces se d push button type ) i s isolate d. 

19 . 1. 7 FUNCTIONING TESTS 

Tests have b e en carrie d out usi n g a repr e s entative canopy operation system 
with v arious applie d hinge mome nt cas e s, covering t he critical portions of 
the flight e n velope . The oper ation of the canopy m ech a nism has been inves­
tigate d and ope n in g t im es e stabli sh e d at various 'te mper atures. Cartridge 
c onsiste ncy t e sts will b e carrie d · o ut in the n e a r fu·c.1re using the latest air 
loads data availabl e. 

l 
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The s cope of a deve lopment pro gram would e ncompass: 

(a ) D e si gn of im provem ents t o the existing syste m to make e scap e at h i gh 
s pe ed s a fe r . 

(b) Desi gn o f a new s yst e m t o m eet t h e r e qui r e m e nts of saf e scape o ve r 
all points w ithin the fl i ght e nve l ope . 
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20.0 STRESSING 

20. l STRUCTURAL ANALYSIS 

It ean be easily recognized that the structure is highly redundant, i. e. the 
loads carried by each element are dependent not only on the externally 
applied loads, but also on the deformation within the structure. This led to 
the neeessity of using the matrix method of solution paralleled with an inde­
pendent standard engineering analysis using broad assumptions. It has been 
found that the two methods complement each other and provide a good check. 

The stressing of a supersonic delta-wing aireraft requires an analysis which 
treats the wing as a flat plate and is therefore a two-dimensional problem, 
This method proceeds entirely wi h redundant stress distribution and accounts 
correctly for taper and sweep effects, Poisson's ratio , torsional warping 
and for the shear lag effect, The so -called lumping method, while omitting 
several valuable factors in the strain energy formula, becomes a very use-
ful mathematical tool. When the large number of simultaneous equations 
are found, the problem 1s set up 1n matrix form and thus enables the greater 
portion of caleulations to be performed by the high spe ed digital computer, 

The many applied conce trated loads are established by rational prediction of 
air loads and although structural flexibility makes it impossible to predict 
the pr ecise effects on the aircraft in manoeuvers, a large number of stres­
sing cases have been investigated. 

The final proof will come through structural and flight testmg. 

20.2 DETERMJNATlON OF STRUCTURAL CRITERIA FOR STRUCTURAL 
TES TING OF COMPLETE AIRCRAFT 

The preparation for the structural testing of the airc raft has consumed a 
great deal of time in establishing loading conditions, strain gauge locations 
and the arrangemencs for processing the resulting information. 

The structural testing of the ARROW will be carried out for three reasons: 

(a} To substantiate the structural integrity of the aircraft, - Only limit 
loads will be used so as not to distort the structure permanently. A 
large number of strain gauges will be required to prove that the 
yield stresses of the structural material are not exceeded at the 
limit lo d condition. 

(b} To substantiate the theoretical analysis The ARROW airframe, 
being a complex r edundant structure, rnust be examined thoroughly 
to ensure that it is a fail safe structure. The strain gauging 
throughout the structure will verify the theoretical analysis and 
strength of the structur e. 

183 



t S\ • 
AYRO AIRCRAFT LIMITED 

◄ AV RO ARROW------------------------::--

184 

[c) To comply with the requirements of MIL-S - 5710 - The static test 
aircraft will be structurally complete ; however, the following items 
may be omitted: radar nose, air brakes, armament pack, floating 
duct, engines, dorsal fairing, instruments, accessories, 
equipment and control circuits. It will be essential, however, that 
the flying controls linkage systems be included and that rigid struts 
be used in place of jacks. 

To ensure that all possible sources of failure will be checked, it is 
essential that several loading cases be examined . 

(a) 

(b) 

( c) 

Rolling pull - out 

This case will be given top priority. Asymmetric loads will be 
a ppl i ed to the wing and the rollmg moment reacte d by loads applied 
to the fin. The side loads on the fin will be reacted by loads dis­
tr i buted a long the fusel a ge. 

The aircraft , in thi s case , is under a normal acceleration factor of 
4 . 89 g (l i mit) with no pitch conditi on. T here will be an aerodynamic 
load of 36 , 500 lb (limit) on the fin whi ch will act from the right side 
to the left side . An aerodyn amic load will also act on the fuselage 
and in the s a me dire c tion a s the loading on the fin. 

In addition , to simula te the in flight condition, the pilot ' s fuselage 
fuel tanks will be pressur i zed to 10.0 p.s.i. (limit) and the wing 
fuel tanks to 2 1. 0 p. s. i. (limit) . 

Symmetric case with pitch 

All loads will be symmetric and the pit ch effects will be simulated by 
variat10n in the loads applied. Thi s case will give the critical case 
on the aft portion of the wing and fuselage. 

The C.G. is at 31% M.A.C. and the normal a cceleration factor is 
7 .204g. The pit ching acceleration is 4. 692 rad, /sec 2 nose down. 
Rolling will not be taken into account. The fuselage fuel tanks and 
wing tanks will be pressurized to the limit values. 

Symmetric case - no pitch 

This case gives the highest bending moment in the nose fuselage and 
the highest loads on the forward part of the wing. The C. G. loca­
tion will be 28% M.A.C. and the normal acceleration factor pro­
duced is 7. 33 g (limit) . No pitch or roll forces will be introduced. 
The fuselage tanks a n d wing fuel tanks will be pressurized to limit 
values. 
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F atigue may be generally thought of as the result of str ess cycles p r odu ced 
by gusts, cabin pressurization , manoeuvres, take-offs and landings. A 
large part of fatigue may, however, be attribu ted to noise , both jet engine 
and aerodynamic. Surveys have shown that the maximum noise intensity can 
occur between frequencies of 100 c.p . s. and 1,000 c . p.s. The s us ceptible 
aircraft panels will then vibrate at their natural frequencies with the fluc ­
t u ating load being equivalent to the local noise level. 

A VRO began its investigation of accelerated fatigue in October 1956. At 
that time test equipment was assembled to aid in the development of the tail­
plane for the CF - 100 Mk . 6 aircraft with afterburner. In May, 1957 on 
completion of this CF - 100 test program, the test equipment was made 
available for the testing of ARROW structural panels. 

The experimental method of investigating a ccelerated fatigue consists of 
breaking down the structur e into several representative panels. Each panel 
is a built - up structure w ith construction repr e sentative of the location on the 
aircraft. Each panel is placed in the test chamber and subjected to the 
desired noise intensity . When the natural frequency of the panel is estab 
lished, the test is continued until failure develops. With these results as 
reference, the structur e can b e modified where necessary to enable it to 
withstand the fluctuating load for a satisfactory time duration. 

Before actual testing began , it was necessary to e stablish the sound levels 
which could b e expected at various positions on the aircraft. These 
estimated sound levels were considered sufficiently accurate f o r testing 
and are a s follows : 

Engine nacelle area 

Stinger a rea 

Rudder a rea 

Fuselage side a rea 

164 decibels 

164 decibels 

140 decibels 

140 and 149 decibels 
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!3ince May, 1957 , when testing began , the following panel areas have been 
tested and improved. 

Engine nacelle panels The original material was to be titanium but was 
changed to stainless steel. Various modificat10 s were made to subsequent 
panels, after the first of each type had been tested. 

In general, the nacelle panels showed a weakness in the riveting of the inner 
skin, although the first panel tested produced failure of the skin a long spot 
welds. One panel employed five different types of riveting combinations. 
The se were blmd or explosive rivets substituted for the original explosive 
rivets . A fatigue life of 12 hours at 164 db noise level w a s cons idered 
satisfactory. 

Magnesium rudder skm panels - These panel s were of ZE41-H26 magnesnun 
alloy of . 040 skin thickness. Failures developed in the skin along the rivet 
lines . Design was improved by employing double ribs with skin backing 
plates , and s atisfactory fatigue life was achieved. 

Fuselage s1de panels • The ma erial was ZE41 - H26 magnesium alloy with a 
skm hickness of , 040 and later .051. F ur panels were ested at 149 db and 
two at 140 db. Several cleats, attaching the 1011.geron to the formers , failed 
and their thickness was subsequently increased from .032 to ,040. 

Stinger panels - These were of s inle ss steel construction. The main source 
of trouble appeared o be the s ingle skin with its la!'ge flat side having the 
noise impinge on it. 

At present , the investigation is being con inued on stainle ss steel s inger 
panels and fuselage side skin panel s. 

The causes of failure with a ccelerated fatigue are many; ho ever, with the 
panels tes ed, the main sources of failure are skin cracks along spot welds , 
stress concentrations and structure discontinuity. 

In order that the actual fatigue life of a structure can be predicted to some 
degree of accuracy, theoretical work is being given consideration. The 
testing of representative panels will then serve as a check for the basis of 
calculations. 

20 . 4 HEAT 

The problem of aerodynamic heating during supersonic flight is becoming 
increasingly great as higher performance aircraft are developed. This 
gives rise to the necessity of more accurate eval uation of the effects on the 
aircraft structure. It has been estimated that the skin temperature of the 
ARROW due to boundary layer heating will be about 250°F while flying at 
M - 2. 0 . Under transient heating c on ditions sudden increases in 
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J tem perature 1n some parts of the structu re will cause differenc e s in tem -

1 
pera ure between adjoining components which leads to warping, d evelopm en t 
of thermal stresses and reduction of torsional stiffness. The go ve r ning 

J factor s of th is temperatur e distribution are m any and t h e ir d ete rmi n a t i on I b y theory or experiment is not a simple p robl em. 

J F urther development of the ARRO W will lead to increased supe rsonic speed 

I 
and consequently higher skin temperatures. To combat this higher tem-
perture, 1t will be ne essary that the aircraft have some typ e of insulating J coating . The insulation will then lower the heat transferred to the str u cture I to the exten of simplifying the problem considerably. 
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At present , tests are being carried out to determine the e ffects of com bined 
loading and transient heating on portions of the main wing torque b ox with its 
integral fuel cell areas. The specimens are subjected to loads in b e nding 
and shear while the skin is heated to a temper ature of 2S0°F . T h e mtegral 
fu el cells are filled to various fuel levels, and tempe r atu res, pr e s s u re s and 
strains , at v a rious points throughout the test specim en, a r e recorded as 
te s ting continues. 

In the attempt to reach agreement w1th theoretical work, tests are also 
bP1ng earned out on fuselage sections to determine the temperature distri­
'..,_:,.i on nd stresses developed. Other tests include the determination of 
thermal resistances in typical aircraft joints. Fairly accurate correlation 
has been es t ablished regarding temperature distribution by theoretical and 
experimental mean s. 

Tests are progressing satisfactorily on the determination of the heat transfer 
coefficient between a typical wing skm and an integral fuel cell containmg 
fuel. The tests involve heating the skin a t a given rate while checking the 
heat transfer through the skln to the contained fuel. 

. "7 
For reasons of safety, it is desirable to use some liquid which is not as 
flammable as the standard type of fuel. This liquid must possess properties 
very c-lose to those of the fuel such as viscosity spe ific heat and specific 
gravity. Jn add1tion, a high b01hng point is essential. Several liquids 
have been investigated; however an adequate substitute has not yet been 
found . 

I 

I 

The test equipment onsists of a n alum1rum tank with straight sides. The 
bottom of the tank represents an aircraft skin. Thermocouples have been 
carefully placed on the inner and outer surfaces of the skin to determine 
the temperature gradient through the skin. Temperatures are also taken 
in the fuel nea:r the skin a nd a t various levels through the fu e l. 

An msulated cylinder 1s placed in the centre of the box. This cylmder then 
supports a co]umn of fuel and isolates it from the uneven fuel temperature 
existing in the corners of the box . 
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The completion of this series of tests will aid greatly in the thermal analysis 
of the inner wing structure which at present would impose a difficult task 

due to the absence of an accurate heat transfer coefficient. 
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21 o O ARROW 2 MOCK- UP 

2 lo 1 GENERAL 

As the result of ARROW 2 the mock-up conference held at Avro Aircraft 
Limited on 18 - 24 September 1957 by the RCAF, 266 change requests were 
presented. Of these 5 were withdrawn by the RCAF . A further 9 were not 
demonstrated a t the mock-up and therefore were not evaluated. 

2 L 2 CHANGE REQUEST CATEGORIES 

CATEGORY I 

Inspection Change To be accomplished prior to delivery of any aircraft. 
This category will include all items on which the company have been given 
direction through authorized channels . 

CATEGORY II 

Mant:;.atory Change To be accomplished prior t o delivery of any aircraft. 
This catego ry will include all changes considered essential for the operation 
and safety of the aircraft and crew. 

CATEGORY III 

Changes of a nature requiring a study by the contractor or the RCAF. 

CATEGORY IV 

Changes not acceptable. 
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Z 1 . 3 TABULATION OF CHANGE REQUESTS 

-
NUMBER OF CHANGE REQUESTS PER CATEGORY 

- ■ 

I 

Category Category Category Ca tegory Not With -

SUBJECT # 1 # 2 # 3 # 4 Eval. drawn 

Coc kpit 3 3 - 23 6 1 1 

I 

Stru ture 26 - 20 5 - -

Engine Insta llation 16 - 1 1 3 -

Electrica l 16 - 5 1 - -

Air Cond1tiomng 4 - 2 - 1 -

L ow Pressure 1 - - - - -
Pneuma tics 

Fire Ext1ngU1sher 3 - - - - -
S y s t em 

De - Icin g 2 - - - - -

Fuel System 9 - 1 1 - -

Hydraulic s 8 - 6 1 <> -

Oxygen System 4 - 1 - 2 -

Instruments 3 - 4 - - -

ASTRA I I 20 - 12 2 1 3 

Armament I 5 - 7 3 1 1 

7 

SUB - TOTALS ' I 150 0 82 20 9 5 
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22. 1. 1 WING DESIGN 

The ARROW 2 inner wing i s e ssentially the same as that of the ARROW 1 . 
The J75 en gine m ounts are superseded by Iroquois engine mounts which neces­
sitate considerable changes to the inner wing structure. Changes to the main 
torque b ox and tanks 3 and 4 were caused by the modification of the fuel 
system involving new bracketry, piping and structural modifications. The 
new engine mounts also involved change s to the centre trailing edge and the 
wing centre box. The fuselage ve r tical struts were modified and the joint 
at station 742 ( rear fuselage joint) re qu i red changes. There i s also a re­
design of the aileron control linkage in the control box because of fouling 
condition on the ARROW 1. The a b ove work is approximately 90% completed. 

On account of the enlarging of the fus e lage to a cc ommodate the Iroquois 
engine s it was necessary to modify the elevator to give correct clearance. 

A new landing gear pivot door is necessitated by a revision to the landing 
gear shortening device. 

Some structural improvements will be incorp o rated on the ARROW 2. These 
improvem ents , which ar e pr esently in work, w ill include changes to the 
joint of rib 24 to the front spar and the j oint of the landing g e ar jack pick-up 
fittin g to rib 10 and the main spar. 

No major changes are expected on the outer wing and aileron. 

22. 1. 2 WING STRESS 

The s t ress approving of ARROW 2 new drawings is nearly complete. Present 
work involves the completion of ARROW 1 str e ss reports and a detailed 
coverage of the effects of the modified fu el system on ARROW 1 and 2 . The 
stress group is also engag ed in preparing for the static testing of the 
complete aircraft. 

22. 2 FUSELAGE 

22 . 2. 1 FRONT FUSELAGE DESIGN 

The basic change from the ARROW 1 concerns the intake g eometry due to the 
installation of the Iroquois engines. A lthough the I ntake lines are modified , 
the b a sic structur e concept remain as for ARROW 1. The revised air 
conditioning system and the installation of ASTRA I have als o le d t o 
de sign changes. To date, 7 5% of the production drawings have b e en 
issued for ARROW 2. The rem aining dr awings have been c ompl eted . 

19 3 
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Some m inor changes were requested by Pro duction. 

22. 2. 2 FRONT FUSELAGE STRESS 

Stressing has been completed on the ARROW 2 obs/AI ' s canopy with the e n­
larged window. The strain energy analysis of the ramp and fuselage structure 
is under way for the as symetr1c ramp loading cases. 

22. 2. 3 CENTRE FUSELAGE DES IGN 

The basic c hanges from ARROW 1 include pr ovisions for access to the air 
conditioning ducts , attachm ent for the external fuel tank, and structural 
changes to suit the new air conditioning system a nd the installation of 
ASTRA I. The increased fuel tank pressure has a lso caused structural 
redesign. 

The design of the basic structure is complete and issued . At pr e s e nt, schem­
ing is in progress on ASTRA I electronic equ ipment . 

The structural design of the armament pack has been completed and pro 
duction drawings issued although several proposed changes have r e sulte d 
from the mock up evaluation conferenc e . Present work involves the 
installation of air conditioning piping in the pack . A minor change has been 
effected on the drag link doors. Formerly a single doo r was us ed but it is 
now replaced by two hinge doors to allow for the extension of the forward 
lowering jack as well as the movement o f the drag link a s b efore . 

The launchers are progressing satisfac torily. Approximately 25% of the 
production drawings have been issued and stressing has alm ost b een c om­
pleted. T 1.1 e first three sets of launchers will be manufactured b y Experi ­
mental ratner than on a production basis. 

22. 2. 4 CENTRE FUSELAGE STRESS ARROW 1 

The leak rate tests on the fuel tanks No. 1 and 2 of ARROW 1 have b ee n 
successfully completed at 6.0 p.s.i.g. 

Tests carried out on the Marman joint of the ai r cond i ti oning ducts have been 
successfully completed for b oth static and c ycling l oad conditions. The 
loading cases were: 

(a) 90p.s.i. at920°F. 

(b) 350 p. s . i. at 645°F. 
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22.2.5 CENTRE FUSELAGE STRESS - ARROW 2 

All ARROW 2 drawings on the centre fuselage, except for the heat exchanger 
outlet ducts and the electronic bay structure, have been stress approved. 
The armament structur!;! and the missile lowering mechanism have been 
stress approved except for the pack seals. 

Matrix analyses will be carried out for the pack structure and for the lower­
ing mechanism comple e. From these analyses more accurate stress dis­
tributions and deflections can be obtained. 

At present an investigation is being carried out on the structural possi ­
bility of having the missiles in the fully extended position under full flight 
envelope conditions. 

22.2.6 DUCT BAY AND ENGINE BAY DESIGN 

The basic c hanges from the ARROW 1 are caused by the installation of the 
Iroquois engine and the provision for an external fuel t3-nk. The fuel 
system and revised air conditioning system have also meant several 
changes. 

The heat exchanger has presented an assembly problem and is being in 
vestigated. On the Iroquois installation , because of the rate of deflection 
due to the change in position of the engine mounts , an articulating duct had 
to be provided between the front end of the engine and the floating duct. At 
present hese s chemes are be ing stress approved and the production 
drawings are expected to be completed and issued by the end of January, 1958. 
The duc t bay structure , excluding the heat ex hanger, articulating duct and 
aft po:rtio of ·he floating duct have been completed and issued. 

The problem of a ces s to the engine-to ~mtake assembly was provided by 
in re a sing the length of the existing access door immediately below the 
assembly. 

22.2. 7 DUCT BAY AND ENGINE BAY STRESS 

A strength study has been carried out to access the changes requir ed to 
increase the spe ed restrictio s on the dive brakes . A static test was also 
performed to a ssist m the strength check. Approximately 40 dra wings will 
be affected ; however, he changes are m inor and no difficulty is a nticipated. 

A progra m has be en started to study the effect of the engine doors _on the 
load distribution in the bottom skin. The study will be more compf ehensive 
than that done i the past to enable the refinement of stressing of the 
bottom skin and inner longeron. 
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22. 2. 8 REAR FUSELAGE DESIGN - ARROW 1 

A redesigned tailcone was proposed to provide a divergent shape of e j ec t or 
to increase the engine performance, It was later found that afterburner 
details did not agree with information previously supplied on whic h the 
original design was based. This necessitated the redesign of the tailcone . 
An assignment was then raised to overcome this problem and the divergent 
shape of ejector included rn the redesign. 

Revised tailcones and strngers are expected to be available for installation i n 
March 1958. Flight testing to that point can be conducted with existrng 
nozzles . 

22. 2. 9 REAR FUSELAGE DESIGN ARROW 2 

The rear fuselage is divided into two main sections; a fixed portion and a 
removable section. The work on the fixed portion is complete and issued 
and the removable portion is expected to be completed by March 1958. 

22. 2. 10 REAR FUSELAGE STRESS 

ARROW 2 production drawings are progressing satisfactorily. Nearly2,000 
drawings have been processed and approved since March, 1957. 

The fatigue of the structure in a noise field is still under investigation. 
Tests so far have shown that the tailcones on the ARROW 1 are satisfactory 
but further work will have to be carried out on the stinger. A mor e com­
prehensive program is being planned for the testing of the tailcone and 
stinger of the ARROW 2. These will be constructed of Nl55 material, an 
iron base alloy. The ARROW 2 tailcone is quite similar to tha t of the 
ARROW 1 redesign and although temperatures are higher, the survey of 
materials showed that the Nl55 material will be satisfactory. 

22. 3 FIN AND RUDDER 

The fin and rudder for ARROW 2 will be the same as for ARROW 1 except 
for minor changes. Structural revisions to the fin will accommodate the 
redesigned air data system. 

The geometry of the rudder hinge m oment limitation system has been 
altered on ARROW 1 and 2 in o rder to improve the unde r sirable 
characteristics of the original system. It involves moc..i1ications to skins 
and the hydraulic actuator access door and the relocation of the m odified 
link assembly . This work was completed in May, 1957, except for the 
access door for which schemes have been completed and stress approved. 
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22. 4 LANDING GEAR 

The sub - contractor developed a shortening and twisting device which saves 
weight and reduces the complications of the mechanism. The sub-contractor 
is presently engaged in eliminating faults of the design, and these changes 
must be incorporated before the first taxi tests are carried out. 

22 . 5 RADAR NOSE 

22. 5. 1 RADAR NOSE DESIGN - ARROW 2 

The ARROW 1 radar nose is being completely redesigned for the ARROW 2 
to accommodate the ASTRA I system. 

The radome for ARROW 2 is similar in design to the ARROW 1 radome but 
now has to meet electrical requirements. Detailed electrical and structural 
design of the radome was sub-contracted to a company specializing in that 
type of work. 

Approximatel y 80% of the production drawings for the radar nose have been 
issued and the remaining dra wings have been completed. It is expected 
that several minor changes will be required when the ASTRA I system is 
installed. 

22. 5. 2 RADAR NOSE STRESS - ARROW 2 

All ARROW 2 dra wings h a ve been stress approved, except for G.A. draw ­
in gs , of whic h 75% h a ve been stress approved. 

22 . 6 LONG RANGE TANK 

The ARROW 2 will h a ve provisions for carrying a jethsonable, external 
fuel tank which will be used for long range ferry missions, 

With the objective of using a free drop release system , a design has been 
established on the basis of wind tunnel test information. 

The design of the external fuel tank has been temporarily suspended due to 
higher priority work. 
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FIG. 43 LANDING GEAR 
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Z3. 0 MAINTENANCE AND RELIABILITY 

AVRO'S mainte nance and reliability engineering section is divided into three 
groups: Qualif ication Engineering, M aintenance Engine ering and 
Reliability Engineering. 

23. 1 MAINTENANCE ENGINEERING 

The func tion o f the maintenance enginee ring group is to analyze all engineer ­
ing drawings and a dvise the design engineers on the various m aintenance 
characteristics of their designs. At this stage vital i nformat10n is recorded 
in the form of Maintenance Data Records. Thes e records are fundamental 
in that they form the basis for Engineering Order s compiled by the Sales 
and S ervice Division for the RCAF, Preliminary Inspection Schedules, and 
Maintenance Instructions. E ventually the M a intena nce Data Records will 
cover every maintenance aspect of every component and syste m of the 
aircraft. 

The maintenance engineering group 1s also re spo nsible for the analysis and 
satisfactory maintenance capability o f the Ground Support Equi pment. 
Each item of equipment will be analyzed as and when it b ec ome s available. 

Since its formation thi s group has is sued a pproximately 1000 Maintenanc e 
Data Records, of which 250 covering t he ARROW 2 have been i ssued since 
April 1957 . Between Apr il and Septe mber twenty-two M aintenance 
Instruction' were issued. In June a P reliminary Inspection Schedule 
covering the turn around, primary and 25 hour inspection r equirements 
was issued. 

The group has in1t1ated 265 design m aintenance changes, 121 of which have 
been incorporated into the basic design. 92 a r e under conside ration for 
incorporation. 

23. 1. 1 FLI GHT DEVELOPMENT PROGRAM 

The development or flight testing pha se constitute s a l ogic al follow 
through of the design phas e for the maintenance engineering group. It is 
in this phase that the the ories on the mainte nance of the new weapons 
s y stem, developed in the design stage , can be tried and proved in actual 
practice for the firs t t ime . Organization and proc edure a rrangem e nts 
h ave been made to enable maintenance analysts to take t hei r place 
alongside flight test engineers and flight s ervicing crews to ensure that: 

(a) 

(b) 

(c) 

Maintenance charac teristics are adequate. 

Maintenance re cords data are accurate or modified as required. 

Imme diate co rrective action is t aken within the Engineer ing divisi on. 
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ln this field very close liaison with the RCAF maintenance appraisal team is 

maintained. 

23. 1. 2 ACCESSIBILITY 

204 

One of the most important aspects of the maintenance engineering group is to 
ensure maximum accessibility to all equipment requiring servicing, such as 

engines, armament and electronics etc. 

The air c raft was examine d from all aspects of accessibility to determine the 
removal and installation of equipment for the various systems, culminating 
in the RCAF Evaluation at the ARROW 2 Mock-up Conference in September 
1957. Report 72/MAlNT 00/1 covering the Maintenance AccessibilitySurvey 

was issued in Sept ember 1957. 

23. L3 MAINTENANCE AND OVERHAUL OF THE ASTRA 1 SYSTEM 

A VRO has prepared a report on the Maintenance and Overhaul of the 
ASTRA 1 System. This report covered the broad aspects of the subject 
and was presented at t he Mock- up Evaluation Conference in September 1957 
(Ref 6}. Avro Aircraft Limited and RCA are currently preparing a joint 
repor t entitled "Preliminary Report on Maintenance and Overhaul of the 
ASTRA 1 Electronics System". Although considerable thought has been 
given to the maintenance procedures and maintenance test equipment re ­
quired to support the ASTRA 1 system , much of the detail design has not 

been finalized . 

The AST RA I system is pr e sently in the initial stages of development and 
numerous and significant changes will occur which will affect maintenance 
procedures before the equipment i s delivered to squadron service. It is 
intended to amend the above report a s frequently a s possible in order to 
maintain 1t as an effective do cument, 

23.2 P.F.RSONNEL REQUIREMENTS DATA 

The r;:::-oup is currently enga ged in prepa ring a proposal for a method of 
prov1d1ng a Personnel Requirements Data for submission to the RCAF 
which will include the following: 

(a) An early systematic identification of skills and knowledge 
required to maintain the ARROW weapon system. 

(b) A p_red~ction of the number and type of personnel required to 
maintain the ARROW weapon system. 

(c) A re comm.endation for the type and amount of • t • main enanc e 
required for the ARROW weapon system. 

I I 
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(d) 

{ e) 

A re,cornmendation for the organization of maintenance personnel. 

A recommendation for a training program for maintenance 
personnel. 

The preparation of the Personnel Requirements Data report will be a con­
tinuous process commencing at the design stage. As the development 
program progresses and more knowledge on the systems become available, 
more, and more accurate Personnel Requirements Data will be 
accumulated and periodically issued to the RCAF. 

The Company will act in an a dvisory capacity only in passing on to the 
RCAF the "know-how" acq11,ired during the design and development stage. 
The recommendations will assist the RCAF in efficiently planning the 
maintenance and operation of the complete ARROW weapons system. 
To date the task descriptions of three systems of the aircraft have been 
completed , one of which has been forwarded to the RCAF for its 
comments. This will form the basis for discussion for final approval of 
the Personnel Requirements Data procedure to be held in Ottawa in mid­
October. 

23.3 RELIABILITY AND QUALIFlCATlON TESTING 

lt is generally recognized that the problem of equipment reliability in 
modern aerial weapon systems requires a co-ordinated reliability pro­
gram which must be integrated into the design and development of the 
aircraft. With this in view, AVRO organized such a program at the 
commencement of the ARROW project. 

23. 3. 1 EXACTING EQUIPMENT SPECIFICATION 

Little existing equipment could be used to meet the servicing require­
ments of the ARROW. Numerous items of mechanical, hydraulic and 
ele ctronic equipment are required to operate in environments which are 
completely foreign to items of equipment that could be bought "off the 
shelf" . The first step in the reliability program was the provision of 
specifications to outline the requirements which the equipment must 
meet. 

Approximately 370 specifications have been i ssued, and approxi-
mately 110 vendors have benefitted from the amount of work involved in 
supplying the required airborne equipment. 

23. 3. 2 FREQUENT TECHNICAL LIAISON 

Experience has proved that 1t is desirable to maintain a close liaison 
with the vendor ' s development engineers, from the time a v e ndor has 

205 
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been given a contract for the development of a piece of equipment. This is 
necessary to keep abreast of the progress of the design and development of 

the item until it is satisfactorily completed. 

23.3.3 RIGID CONTROL OF QUALIFICATION TESTING 

AVR0 1S equipment specifications call for a variety of stringent tests to which 
the equipment must be subjected before it is approved for production. 
These are called qualification tests. To date, of the 916 items of equip-
ment to be qualified 353 have been approved and 206 have received a 
limited flight approval, leaving a balanc e of 357 items outstanding. 

23.3.4 FUNCTIONAL TESTING OF A COMPLETE SYSTEM 

After due consideration it was decided to build funct10nal test rigs of e v e ry 
major sub-system in the aircraft. This was done to check the performance 
of the equipment systems under simulate d flight conditi ons. Under these 
condit ions it becomes poss ible to locate and overcome any major troubles 
that may occur much earlier than leaving to be found in the flight testing 
stage. 
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24,0 GROUND SUPPORT EQUIPMENT 

The engineering of the ground support equipment required for the first flight 
of the ARROW 1 is virtually complete, AVRO-manufactured equipment 
and procurement of bought-out items are proceeding satisfactorily. More 
than half of the essential equipment required for the first flight has 
been delivered, 

The outstanding items of equipment from an engineering standpoint are the 
liquid oxygen converter trailer , fuselage maintenance stand and the probe 
cover , Work on these items is proceeding with the exception of the probe 
cover➔whic h is being held in abeyance until the design of the probe has 
be en fina lized. The engine exhausts cover is being revised, 

This equipme nt, wh ich i s required during the development program will 
serve two purpos e s , It will make it possible for AVRO to operate the air­
craft and enable AVRO and the RCAF to assess the suitability of the pre ­
production equipme nt prior to squadron use . 

A large proportion of the ground support equipment for the ARROW 1 air­
craft will also be used with the ARROW 2. The following items of 
equipment specifically required for the ARROW 2 have still to be designed, 

Engine starting truck 

Power a nd air c onditioning truck 

Multiple missile trailer 

Armament pack test stand 

Armament pack test control console 

Iroquois engine change stand 

Iroquois m a intenance trailer 

Engine intake cover 

Engine exhausts cover 

Air conditioning inlet cov e r 

Air conditioning outlet cover 

Probe cover 

Radome cover 
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Materiel Procurement to cons ider ways and means of overcoming the pro ­
blems presented by the DDP cancellation of contractor assistance items . A 
meeting was held at Air Materiel Command, Ottawa, on 29 August 1957, 
to discuss ground handling and test equipment. The problem was referred 
to Air Force Head Quarters . 

24. 1. 2 AIR CONDITIONING AND POWER UNIT 

RCA has recommended that the temperature of the air entering the elec ­
tronic equipment should not exceed 70°F. Since the temperature of this air 
is raised by approximately 15°F in the AST RA oil-to - air heat exchanger, it 
is necessary to supply the air to the aircraft at 55°F. Also the ground air 
conditioning system must be capable of supplying this air with no free 
moisture. The possibility of attaining this cooling capacity ( 150 lb of air 
per minute minimum) with the current air cycle refrigeration equipment 
is m a rginal providing the present ambient requirements (of -20°F to 
110°F for the ARROW 1 and - 65°F to 120°F for the ARROW 2) are met. 
Since RCA maintains that the lower inlet temperature is necessary to ensure 
the desired reliability of the electronic equipment, the decision was made 
that RCA ' s requirement be met regardless of the air conditioner design 
implications . This was subsequently confirmed by the 35th ARROW 
Development Co - ordinating Committee meeting on 25 July 1957. 

AVRO has investigated the whole question of environmental requirements 
whi ch affect the starter unit as well as the air conditioner and power unit. 
A v i sit was made by AVRO representatives to Wright Air Development 
Cent re, Dayton, Ohio , for the purpose of obtainmg USAF opinions regard­
ing e qui pment for the ARROW 2 air conditioner power unit. 

A repo rt is in preparat10n which will make recommendations for meeting 
these requirements. On completion, this report will be submitted to the 
RCAF for comments and approval. 
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Auxiliary external fuel tank trailer 

Fuel tank test intercooler unit 

Aircraft component slings for: 

Station 255 

Rudder control box 

Rudder 

Elevator control box 

Elevator 

Aileron control box 

Aileron 

Air conditioning pack 

Main landing gear installation stand 

Nose landing gear installation stand 

Universal stand for r emoval of aileron and elevator 

control boxes 

Canopy locking ac tuator 

Rigging boa rds 

Radar maintenance stands 

24. 1 GROUND SUPPORT EQUIPMENT PROBLEMS 

24. 1. 1 PROVISION OF GOVERNMENT FURNISHED TEST EQUIPMENT 

In June 1957 AVRO ' S request for a quantity of gove rnment-furnished test 
equipment, urgently required as "contr actor ' s assistance items" for 
ground servicing the ARROW aircraft, was cancelled by the Department 
of Defense Production (Letter reference 266-35B Ottawa June 1957). 
This was taken up for urgent consideration at the 35th ARROW Develop­
ment Co-ordinating Committee Meeting, 25 July 1957. It was r e com­
mended that the RCAF convene a meeting with AVRO and the Director of 
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25. 0 A IR BASE FACILITIES 

Under the authority of an RCAF letter ref. AMC 1038 CN-100 (ACT-2-1) 
dated September 27, 1955, AVRO is currently studying the requirements for 
air base facilities with the view to m.aking recommendations to the RCAF. 

A report on the ARROW 2 Readiness Facili ty Log 105 /9 was prepared and 
issued byAVRO in May 1957 . 

The purpose of the report was twofold: 

(a) 

(b) 

To o utline the requirements for facilities and equipment which will 
be needed in order to maintain the ARROW 2 a i rcraft at various 
states of readiness. 

To make reco=endations concerning the facilities a nd to spe cify 
equipment. 

The following conclusions were drawn and r ecommendations made: 

(a) 

(c) 

(d) 

That the standard RCAF readiness hangars will be suitable for use 
with the ARROW 2 aircraft, but some alterations will be required 
to accommodate ground support equipment and services to the 
aircraft. 

It is noted with the present sihng arrangements of the standard 
readiness hangars at least 20 seconds will be required to taxi from 
the readiness hangars to the runway w ith the ARROW 2 a ircraft. 

A taxi strip is recommended from th e maint enance a r ea to the 
rear of the readiness hangars. 

The present layout for readiness hangars and crew rooms is con­
sidered satisfactory for use with the ARROW 2. 

(e) To be compatible with the Arrow 2 engine star ting time , it is 
reco=ended that the hangar d oor s b e capable of being fully 
opened within 20 seconds. 

(£) For meeting the " s cramble " and "standby" requireme nts the 
ARROW 2 aircraft will have provision for accepting the following 
services from the ground support equipment. 

(i) Hot, medium pressure ai r for starting the two jet e ngines. 
Simultaneous starting of both engines i s required in order to meet 
the scramble requirements. 
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1. NOSE LANDING GEAR CONNECTOR 

SERVICES 
- · 27 .5 V. D.C. POWER 
-ENGINE STARTING CONTROLS 
-ENGINE FUEL FLOW CONTROL HEATERS 
- TELESCRAMBLE 
- INTERCOMMUNICATION 

2. COOLING AIR SUPPLY (2 ) 

FLOW-1 50 LB./MIN. (TOTAL) 

TEMPERATURE - 55 TO 80° F. 

PRESSURE-A.5 P 5.1. GAUGE 
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3- ELECTRICAL A. C. SUPPLY 

LOAD AT -- sTANDBY--- 30 K. V. A ., .75 PF 

FREQUENCY- ADO C.P .S. ! 1% 

VOLTAGE - 208/120 V. ! 2.5% 4 . ENGINE STARTING AIR (2) 

FLOW-112 LB ./MIN PER ENGINE (MINIMUM) 

PRESSURE-SOP. S. I. ABSOLUTE (MINIMUM) 

TEMPERA TURE-360 TO 5Q0°F 
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FIG. 44 ARROW 2 CONNECTIONS FOR GROUND SUPPORT SERVICES 
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(ii) Up to 40 K.V.A . of 208/120V, 400 c.p.s. 3 phase AC power 

(iii) 5 amperes at 27. 5 VDC with the main AC cable 

(iv) Cooling air 

(v) Ground wire 

(vi) Nose landing gear cable 

lt is recommended that provision be made in the RCAF standard readiness 
hangars for running these services under the floor to suitable points below 
the aircraft. 

(g) Although the readiness characteristics of the ASTRA I electronic 
system are not known at present, it is considered desirable to be able 
to warm and operate the fire control system prior to take-off for a 
combat mission. On this basis the following services will be re­
quired for each ARROW 2 aircraft at standby: 

(i) Hot, medium pressure air. 

(ii) Electrical power (208/120V, 400 c.p.s., 3 phase AC) up to 30 K.V .A. 
at O. 75 power factor will be required. 

(iii) Cooling air 

(iv) Services through the nose landing gear receptacle: 

(v) 

(h) 

( i) 

(a} . 27. 5V DC signal wires 

(b) Intercommunication with ground crew 

(c) Telescramble 

Ground Wire 

For engine starting only, without supplying power and cooling air 
for the ASTRA I system, the following services will be required. 

Hot, medium pressure air. 

(ii) Services through the nose landing gear receptacle: 

50 amperes at 27. 5V DC 

2 7 , 5V DC control wire 
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------- ------- --------------------------------------A VR O ARROW 

AIR CREWS 

1. LEAVE CREW ROOM,GO TO 11 A/C 

2. LEAVE CREW ROOM, GO TO 12 A/C 

3. ENTER & CHECK COCKPITS II A/C 

4. ENTER & CHECK COCKPITS 12 A/C 

5. CONNECT HARNESS, SERVICES 11 A/C 

6. CONNECT HARNESS, SERVICES 12 A/C 

7. WAIT FOR SCRAMBLE ORDER #1 A/C 

8. WAIT FOR SCRAMBLE ORDER 12 A/C 

9. START ENGINES t l A/C 

10. ST ART ENGINES 12 A/C 

11. ACCELERATE ENGINES & TAXI 11 A/C 

12. ACCELERATE ENGINES & TAXI 12 A/C 

13. TAKE - OFF 11 A/C 

PREPARE FOR STANDBY ; SCRAMBLE 

TIME - MINUTES TO TAKE OFF 
5 4 3 2 

I = 20 SECS 

--. 1 
---. --i 35 SECS 

I 
==i::r 30 SECS 

I 
1=1 30SECS 

I 

•-1---,---t--,f-""'I I MIN 30 51:CS 
I 

\MJN30SECS 

-~ -40~ ---

: , 

IQ:; I! 20 SECS , 

I 
~~ 25 SECS 

, ~1.1 Ys,,:\ 
limt!!:3 30 SECS 

; 

l 
0 

14. TAKE -OFF l2 A/C E!lm _ W SfCS 

GROUND CREW #l 

1. PROCEED TO CONTROL ROOM t:=::J 30 SECS 

2. START COOLING AIR SUPPLY, ENGINE STARTERS 

3. MONITOR GROUND SUPPORT EQUIPMENT 

4. CHECK RELEASE OF COUPLINGS 11 A/C 

5 . CHECK RELEASE OF COUPLINGS 12 A/C 

6. TURN OFF EQUIPMENT 

GROUND CREW 12 & 3 

1. REMOVE GROUN D LOCKS ASSIST AIRCREW 11 A/C ------,--.--1----t--'I 2 MIN 2o secs 

2. REMOVE ACCESS STAIRS - ,oJ; 
3. OPEN HANGAR DOORS I ~ 
4. PROCEED TO CREW ROOMS ■ 

GROUND CREW 14 & 5 

1. REMOVE GROUND LOCKS ASSIST AIRCREW 12 A/C 

2. REMOVE ACCESS STAIRS I 
3. OPEN HAN GAR DOORS 

4. PROCEED TO CONTROL ROOM I 

I I 
I 

I 

20 SECS 
-, 

15 SECS 

FIG.45 TIMES ANO MOTIONS FOR STANDBY AND SCRAMBLE 
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27. 5V DC signal wire 

500VA, 400c.p.s., lphaseACpower 

The aircraft might be operated with only these services for training and 
ferry flights or when AC electrical power is not available . 

(i) Gas turbine compressors are recommended for supplying the hot, 
medium pressure air . 

(j) It is recommended that the 3-phase, 400 c. p. s. , AC power for 
standby be obtained from an ARROW 2 generator driven by a 
50 H.P. synchronou s motor through gearing . 

(k) For providing cooling air to the aircraft, an electrically driven 
compressor and a Freon refrigeration system with an air cooled con ­
denser is recommended. 

(1) A 500 VA inverter is recommended for supplying 115 volt single 
phase AC power to each aircraft under emergency conditions. 

(m) Existing types of RCAF equipment will be suitable for supplying 28 
VDC power for the ARROW 2 aircraft. 

(n) The AN/AIC-17 ground intercommunications system is re ­
co=ended for use in the readiness hangars. 

( o) 

(p) 

(q) 

(r) 

The mobile retractable stairs designed by Avro Aircraft Limited 
are recommended for access to the cockpits of the ARROW 2 in 
the readiness hangars . 

It is reco=ended that all of the controls for the ground support 
equipment for two aircraft be brought to one control panel and that 
this be in a room near the front of the readiness hangar. 

The main electrical supply to the readiness hangars should pro­
vide at least 838 K. V .A. in order to maintam four ARROW 2 
aircraft at "standby", assuming that the compressors for engine 
starting are not powered by electricity. 

If the electrical supply to the air base should fail, emergency 
electrical power and cooling air for aircraft at standby should be 
obtained from mobile power /air conditioning units. 

(s) Mobile ground support equipment will be developed by Avro 
Aircraft Limited for the RCAF in the form of two vehicles, one 
to provide all of the services related to starting the aircraft, the 
o ther to provide electrical power and cooling air for standby and for 
maintenance work. 
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ENGINE STARTING 
AIR CONNECTIONS 

A IRCRAFT NOSEWHEEL PLUG -50 AMP 28 V. D.C. 
§== -INTERCOMMUNICATIONS -STARTER SIGNALS 

====8 §= 

EXHAUST~ 
rn•o"G" •~r><G,<e ,,.,m 

""""· -~,. """" 

------- ---- -, · --- - ________ .., 

• • 

00 "' SUPPLIES 

:::::::i====SE=R=v=,\=E=S=l=N=T=R=E=N=C=H=ES=U=N=D=ER=FL=O=O=R=r­

A IR CONDITIONING EQUIPMENT 

CONTROL 
ROOM 

ELECTRICAL CONDUITS 
(9" X 12" TRENCH OR 

3" I. D. CONDUIT) 

9" WIDE X 12" DEEP TRENCHES, 
WITH CHECKERED PLATE COVER 

.AIRCRAFT A .C. ELECTRICAL 
PLUG (400 "' 120/208 V.) 

AIRCRAFT AIR CONDITIONING SYSTEM 
INLET (BOTTOM OF NACELLE) 

__________________________ § ©) ________________________ -

FIG.46 LAYOUT OF GROUND SUPPORT EQUIPMENT AND SERVICES IN R.C.A.F. STANDARD READINESS HANGARS 
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~ 
COCKPIT ACCESS-MOBILE LADDER 

COCKPIT ACCESS-CAT WALK 

FIG. 47 ARROW 2 - COCKPIT ACCESS EQUIPMENT 

SECRET 

AVRO ARROW► 



I I I 

AVRO AIRCRAFT LIMITED 

(t) At each ARROW 2 base there should be towing vehicles available that 
are capable of providing a drawbar pull of 7000 lb. under all surface 
conditions that are likely to be encountered. 
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2 6. 0 AIRCRAFT SYSTEMS TRAINER 

26. 1 GENERAL 

For the purpose of t raining Air Force technicians in the most efficient 
maintenance of the various systems and services in the aircraft , it is 
customary to provide an Aircraft Systems Trainer (AST}. An AST con­
sists of accurate representations of the v arious equipment systems and 
ser vice s , in which the a ctual e quipment or models are installed, having 
their controls mounted in such a manner to facilitate the visual instruc 
tion of those systems and services . 

26. 2 STATUS OF AIR SYSTEMS T RAINER 

Under t he authority of the AD-44 Statement of Work, AVRO is currently 
engaged in a design study which will embody recommendations for an 
AST, due for submission to the RCAF in D e cember of this year . 

At an ad hoe meeting of the ARROW Development Co-ordinating Committee 
Meeting on 4 September 1957 it was agreed that the AST study should cover 
the comp1ete weapon system and should be co -ordinated w i th Orenda 
Engines Limited, RCA and Canadair Limited, this being subject to the 
necessary contractual action b eing initiated by the RCAF with these con­
tractcrs to ensure the necessary inputs. Such action has n o t yet been 
taken , and hence no inputs have be en received. It is therefor e clear that 
the present AST study will not include the full information contemplated by 

the above meeting. 

The AST for the ARROW will consi s t of a number of pane ls, each designed 
to portray the function of a particular system or portion of a system. The 
AST will demonstrate the principles of op e r ation, location and function of 
components or components systems, safety precautions, servicing and 
maintenance procedures and the use of special te s t equipment whe re 
applicable. Projection transparencies to supplement the trainer as a 
training aid will be supplied as necessary. 

At present no statement of the number of panels which will comprise an 
AST can be made. This will be decided during t he design study. 

As a result of the recommendations of the 4th Meeting of the Training Aids 
Committee held in Ottawa 4 July 1957, the 36th ARROW Development 
Co-ordinating Committee of 17 September 1957 issued the following 
requirements which w i ll be includ ed in AVRO A irc raft Systems Trainer 

design s tudy, 
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(a) 

(b) 

(c) 

( d) 

{e) 

(f) 

{g) 

(h) 

(i) 

(j) 

AYRO AIRCRAFT l/M/TEO ■ -------_ 

The design study is to determin e the systems that must b e grouped 
together and those that co ul d exist as independent its . This reqt..ire -
ment was predicted by the integration factors involve d in the A R R OW 
aircraft systems. It was envisioned that to demonstrate a partic ular 
system, the trainer config uration wo uld have to r eflect a series of sub­
systems tied togethe r without regard to the t r ade st r uctur e. 

The trainer design will be of a s imple construction, sufficient to pe r ­
mit movement of a training unit from on e r oom to another within the 
Field Technical T raining Unit . 

S ince inter station mobi 1ty is n ot a requii ement , heavy bases casto r s 
and skids are r edundant. 

The train er 1s to be limited generally to a size that will a llow move ­
'Tlent of the AST thr ough doub l e doors (RCAF to define) . The AST 
bear ing load shoul d not exceed normal floor loadmg {RCAF to define) . 

Suitable s nap • on d st c overs of plastic mate rials are to be provided 
and t he requi r ements fo r AST shipping and/o r storage containers will 
be deleted . 

The u s e of lar ge co mponents for t r aining 1s to be di s couraged ; however, 
this will be depende t on the manua l s k ills requi red to be taught , and 
the de ci s i o in ea ch m stance will be based on the merits of the require ­
ment . 

The AST configuration is t o take in o accoun t he concept t ha t the am.­
mated type tra m e r could be effective l y used to tea c h ope rati on, b ut it 
wo uld be ine ffe c tive i tr a m i g m a int e nance p r o c edures a n d fault fmd ­
ing te c hmques . AVRO 1s to con s i de r the po o,o:1 b1li y of util i z ing the 
two type s of configura ions pe r sy;,te m , t teach maintenan e t o a 
higher level than a t p r e s en . 

The fa cto r s involved 1n he m issile mar ry~up t as k are to be cons ide r 
e r ed so that t he requ i r ement for an AST and test equipme n can be 
assessed. 

The te s t equipment 1s to be considere d in the de s ign study so that the 
AST is de signe d as a training sys tem . 

The u se of 110 V 60 eye e and/ or 50 cycle AC would be satisfac tory 
for il uminated, animated scherriatic type t r ainer configu1 ations . 
Where the use of 2 8 V DC and 400 cp s power 1s r equire d , in the case 
of operable type t ra1ne1 s, power supplies are no rm a lly to be part of 
the building and not supplied as part of the AST . AVRO ' s study should 
specify whe re s p ec ia l powe r arrangements are neces s a1y and state the 
type and quality of powe r re quire d . 
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(k) All telecomwunications mstallations in the ARROW are pa1 t of the 

ASTRA I s ystem . 
Refe r to item (g) above . 

(1) Engme parts ar e to be provided as part of the Engine Air Systems 
Trainer 1f a compl e t e engine is not practical. 

(m) AVRO 1s t o consider a propulsion system AST to demonstrate after ­
burner, fuel and ignition system, etc. as one unit . Use of coloured 
fi l m and / or t r ansparency technique to teach the propulsion system, 
1s not to be dis c ounted. 

(n) AVRO is to attempt to estimate the AST space and power 1 eq ui1 e ­
m e nts. The report will assist the RCAF in formulating a more 
detailed s p ecific a ti on . 

It is not c ons ider e d n ec es s ary that an AST should be produced for the ARROW 
1 . The fi r s t trainer w ill portr ay the first aircraft to be provided for RCAF 

use . 

The cur r ent tr end of t hin king a ppea rs to md1cate that an alteration in the 
RCAF trade st r ucture will be n e cessa ry to provide personnel qualified to 
s e r vice and maintain ARROW aircraft . Comptabil ity with the present RCAF 
tra de sh uct ure will therefor e not be c on s ide 1 ed 1n des1gnmg the traine1 . 
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27. 0 STRUCTURAL GROUND TEST PROGRAM 

27 . 1 STATIC TESTING O F COMPLETE AIRCRAFT 

One of the most important objectives of the static testing of the complete 
aircraft is the confirmation of the calculated internal load distribution . The 
test series will cover the strength of the main landing gear bay structure 
under dynamic loading conditions as well as the strength of primary struc ­
ture unde r loads representative of manoeuvres. A test program has been 

established and is as follows : 

1. Design and construction of the test rig (fig . 48), building of the test 
aircraft and the installation of internal strain gauges . 

2 . Cockpit limit and proof pressure tests . 

3. Seat ejection tests . 

4 . The initial setting - up of the aircraft in the test rig and external strain 

gauging. 

5 . Landing gear spring - back case to limit load . 

6. Rolling pull - out case to limit load . 

7 . Main landing gear uplocks and doo rs integrity test. 

8. The symmetric case with no pitch to lim i t load , te s t on front fuse ­

lage (ref. para . 20. 2) . 

9 . The symmetric case with no pitch to lim i t l oad ; te s t on r ear fuse ­

lage . (ref , para . 20 . 2) . 

2 7 . 1. 1 TEST PROGRESS 

Construction of the test rig, the design of whi ch began in 1955 , i s nearly 
complete . It is designed so that the rig structure can be altered conv e n ­
iently to pe r mit the various tests to be car r ied o u t . The te s t loads a r e 
applied through a system of whiffle trees to obtain the desi re d load di s ­
tribut ion . Rubber patches are cemented to the skin sur face to t1ansmi t the 
loads to the aircraft structure. Normal ai rcraft load pick - up point s ar e 
used wherever pos s ible . The first ground te s ts w ill be perfo r med us ing 
calcul ated loads . The tests wi ll employ app r oxi m atel y 7 , 500 strain gaug es 
strateg i cally placed throughout the aircraft st r ucutr e . Autom a tic s t rain 
recording equipment wi ll then transfe r the str a in values to t y p e d she ets 
which will be suitable for di r ect inclusion in subsequence repo r ts . P unch 
cards will be used in conj unction w ith automatic plotting apparatus to 

provide rapid inspection of the data . 
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The design work on the test rig is complete except for the lower priority cases . 
The main structure of the test rig is approximately 90% complete . The design 
of the whiffle trees and tension patch asseixblies is complete; however, their 

erection cannot be started until the aircraft is installed in the test rig . 

Approxnnately 50% of the required number of strain gauges have been instal ~ 
led with complete wiring . The ixajority of those installed are internal strain 

gauges . 

The recording equipment has been received and 1s being s e t up. The equip 
ment will soon be put m o p eration in the testing of the engine shroud . This 
test empl oys a large number of strain gauges and will serve as a useful test 
run for the recording equipment and punch card system which will subsequently 

be used in the static testing of the complete aircraft . 
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28 . 0 S YSTE M S GROU N D TES T PROGRAM 

28 . 1 FUEL S YS T EM 

2 8 . 1. 1 INTRODUCTION 

The fuel system t est rig has been designed to simulate the left wing and fuse - . 
l age fuel tank installation in the AR ROW. The tank capacities, geometric 
relati onship, shape, and the position of ancillary equipm ent, includ ing booster 
pump and pressurization system, have been duplicated . The assembly 1s 
capable of limited rotation on gimbals about the pitch and roll axes, although 
n ot at repre s entative rates of r oll. External facilities provi d e for altitud e, 
clim b and d ive simulation, fuel heating and simulated engine consumption, 
as well as pressure refuelling and defuelling . 

The test pro gram includes investigations of the pressurization system, normal 
m-flight fuel transfer, 1 efuelling and defuellmg, simulated flight sequences 
and emergency operations . 

Initial tests were started in 1954 o n a preliminary rig . The completion of a 
suitable building to house the main rig provides separate test benches for 
equipment items requiring special investigations, as well as auxiliary appara ­
tus for plumbing, filter ing , heatmg, measuring and storing fuel. There are 
also isolated rooms for control and recording purposes and for electrical 
generators and hydraulic pumps which provide the rig motive power . 

28 . 1 . 2 P R O GRAM 

The AR ROW fuel system tests have been d1v1ded into s ix main sect ions, to be 
earned out in approximately the follow i ng o r der · 

(1) Calibrations and start - up 

(i i ) Initial t est ing under static conditions -
Pressure refuelling and defuell ing 
Pressurization system check on pressure build - up and relief 

valve 
In - flight fuel transfe r 
D amaged proportioner cases 

(iii) Comp lete mvest1gat ions of all operating aspects for full ranges of para 
meters under sta tic conditions . This inclu c'. s all tests liste d in (ii) 

plus · 
Collector tank pressurization 
In - flight fu e l transfer tests {mclmed attitudes) 
Fuel pres s ure regulato r t es ts 
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(iv) Simulated miss i on tests 

(v) Changeover to low pressure system test 

(vi) Changeover to fuel management system 

(vii) Fuel management system tests 

AYRO AIRCRAFT LIMITED 

The above program was started in 1956 and is scheduled for completion m 
November 1958 . The general progress has been satisfactory. The next series 
of tests will be simulated mission tests . 

28. 1. 3 BRIEF HISTORY OF TESTS 

Pres surization tests included the fuel pressure regulators , pres sure refuel­
ling and individual tank refuelling . Aero Supply fuel-no - air valves proved a 
source of trouble, though contmuous development has made them satisfactory 
for rig operation In - flight fuel t r ansfer tests at mclined attitudes were com ­
pleted, but trouble in refuellmg tank #5 was experienced Further develop ­
ment work to clear t his problem 1s in progress . 

Checks were done to determine the effectiveness of the Chan - o - Seal pr in-
ciple of sealing integral tanks on a quarter scale tank . L eaks occurred under 
h igh temperature, but were re-1nJected successfully . The tests were con ­
t inued and fina lly s opped when a crack appeared on the lower skin of the tank. 
The Stres s Office, has confirmed that thi s failure is of no significance with 
regard to w ing structure as the 5pecimen was non - rep r esentative of the actual 
structure and was only used for leak testing . Thes e tests have been com ­
pleted . 

Fuel flow proportioner tests were ca rrie d out by Eclipse Pioneer D ivision of 
Bendix Avia tion Corp . The tests have been completed and the reports received 
by A VRO . For further details refe r to Part 3 para . 14. 3 . 1. 

Severe leaks developed during testing of the stringer seal but after modif1 
cation the testmg was satisfactorily completed without furthe1 breakdown . 

The collector tank air e je ctor has been tested, modified and retested several 
times w i th improving results. In its present state, it is Just about accept ­
able for use t n the first aircraft, but further development is needed . 

28 . 2 FLYING CONTROLS SYSTEM 

28. 2 . 1 INTRODUCTION 

The ma in tes t ing carr ie d out will consist of an evaluation of the complete fly ­
ing control system, from the cockpit controls to the control s urface s (Fig . 50). 
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Testing i s fu r the r broken down in to 1nd iv 1dual t es ts on hydraul ic and m e chani ­
cal com ponents . The pro gram fo r flyin g control s syste m t es t ing 1s as follows : 

1 . Eleva to r frequen cy r espons e tes ts w i thout h inge m oment (compl e ted 
in 1956) 

2 . Elevator fr equency re s ponse tests w i th h inge moment (begun m 1956) 

3 . Duty cyling o f el e v a to r syste m at r oo m tempe r atur e (beg un in 1956) 

4 . Deve lopment o f elevat o1 inp ut circuit fo r m a nual and sti ck for c e modes 

5 . H y d raulic system inve stigati ons e tc . 

6. A il e r on and rudder fre q ue n cy response tests w ithout h in ge mom ents . 

7 . Ail e r on a nd r udde r fr equency r e s p on se tests with hinge moments 

8 . C omb ine d system tests with hinge moments at room temp eratu1 e 

9 . S imul ate d flight t es t s with full sys t em and anal og computors a t no r mal, 
h ig h an d low tempe ratures 

28 . 2 . 2 GENER A L S YSTE MS T ES T S 

Te sts were carried out in 25 cu. 1n. and 100 cu. 1n. accumulators in regar d 
to p ressure s u rges 1n the hydraulic system The 25 cu 1n . accumulator 

proved satisfactory. 

H y draulic connections for 4, 000 p . s. 1. system 

Te s ts were carried out at NAE to determine the torque vs performance of 
the b o s s fittings for hyd raulic connect10ns 

The results of flexu ral. fa t igue tests on hyd raulic connections at elevated 
tem p erat ures were very unsatisfactory. F retting occurred between the stain 
l es s s t ee l t ub ing an d the cadmium plated sleeves. This was thought to be due 
to el ect r olytic a ct10n and tests were repeated using n ic kel plated sleeves and 
matin g surfaces coated w ith Ep on resin . T his showed no improvement, how 
e ver. NAE suggested an alternative method of swaging the connections, in 
wh ich t h e tub ing 1s expande d out mto the sleeves, r ather than the existing 
m ethod o f swag1ng the sleeves into the tubing . Thi s method proved very satls 
fa c to ry, altho ugh prod u ction of the joint 1s more d1ff1cult . The remainder of 
the in itial airworthiness tests are now being rompleted at NAE . 
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Suitability of Wig - O Flex pipe and boss couplings for low pressure hydraulics 

The o riginal test requirement for these specimens was quite seve1 e. The 
require m ent was revised, to the deflection imparted to the specimen during 

the cycling operations at - 65°F and 250°F . 

Leakage wa s the main fault and it was decided that the O -ring must be made 
of an imp r oved material. MS28784 O - rings were used which reduced the 
leakage to acceptable limits . 

Tests of s teel tubing for hydraul ic systems 

The early failure of steel tubing in testing was attributed to internal scormg 
during bendmg operat ions an d in other cases due to faulty weldmg of the seam. 

It has been decided to discontinue the use o f s te el tubmg to Av rocan specifi ­
cation M - 7-6 an d use tubing of specification MIL T-6845 . 

Control system bearing selection 

Tornngton plain bearings which have electro molybdenum disulphide surface 
finish have been tested. One bearing suffe r ed early failure which was attri ­
buted to the inte r fe rence fit between the inner and oute r races . Testing was 
di scontinued after one million cycles on the remaining bearings as the decis 
ion wa s taken not to ins tall plain bearings in the a i rcraft . 

28 . 2.3 ELEVATOR 

On testing the emergency mode of the flymg control system the stick forces 
were too high. A further investigation was carried out with a modifie d control 
valve on one jack, and the feel unit break out fo r ce adjusted to obtain go o d 
stick cent ring and trim r un on characteristics com patibl e with reasonable 
stick break - out forces. This was found to be satisfacto r y . 

28 . 2 . 3 1 Evaluation of Elevator Control Valves 

Two elevator control valves were first tested in the emergency mode which 
exhibited high frict10n for ces . Te sts were then carried out on two modified 
valves at room temperature . The valves had an excessive leak rate from 
pressure to retur n por ts . 

Tests were als o carried out to dete rm ine the pressure d1 op ac r oss the valve 
for various flow rates with the valve fully opened . The valve displacement was 
then reduc ed to • 07 inch t o simulate an aileron valve operation. A gain poor 
force characteri stics were exhibit e d . 
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FIG. 51 AIR CONDITIONING SYSTEM TEST 
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28 . 2 . 4 RUDDER 

2 8 . 2 . 4 . 1 Rudder System Te sts 

Tests w ere carried out to deter mine the feel unit spnng rates . It was found 
that the unit s exhibited high friction forces . 

The tests for rudder strength and sti ffness have been completed and fre ­
quency r es po nse tests will comme nce in the near future 

28 . 2. 4 . 2 R udder jack and valve tests 

Duri n g fre quen cy response tests , valve oscill ation was observed. Further 
te s ts are being carri ed out to d etermine the effectiven ess of dampi ng on the 
control valve and back - lash in the follow - up linkage. 

Tests were conducted to determ ine the changeover tirr,e from one hydraulic 
system to the other when failur e develops The te s ts we r e done at room 
temperature as w ell a s at low and high ambient temperatures The period 
o f time required for the changeover was Datisfactory . 

2 8 . 2. 4 . 3 Evaluation of the rudder c ontrol valve 

Tests were carr i ed out to dete r mine the p r es s ure drop a c ross the rudder 
c ontrol valve when fully opened for var ious flow r a tes This was done at 
room tempe r a t u r e a n d at 250 °F . Furthe r tes ting will be done at low tempe r 

a ture s . 

2 8 . 3 AIR CONDITIONING SYSTEM 

28 . 3 . 1 GENERAL 

Devel opment testing of the ARROW air conditioni ng system ha s been in p ro 
gress since m i d - 1956 . The basic tool in this p r og r am ha s been t he a ir con 
ditioning test r i g . Recently , the te s tin g p r ogram on the rig ha 5 been d irec ted 
towards ensuring the in s tallati on of a wo r kable sy s tem in the fi rs t ARROW 1 

aircraft . 

28 . 3 . 2 SYSTEM T EST R IGS 

2 8 . 3. 2 . 1 ARROW 1 Rig 

A full - scale rig for the ARROW 1 airc ra ft was const ructed s ome tim e a g o 
The r ig has been cont in ua lly modi fied and d eve l op e d to p r ovide s1mulat10n 
of th e aircraft system installation and sys t e m fli ght pe rformance as nearl y 

as pos s ible . 
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The air supply for the rig i s provided by a remotely located compressor plant . 
The plant consists of three centrifugal compressors driven by e l ectric motors. 
A set of heat exchangers are employed to control the simulated bleed air tem ­
peratures . The hot compressed air is ducte d to the rig-mounted system 
through heavily insulated ducts in which the charge air temperature losses 
are held to a minimum . 

The system ducting a nd equipment are rriounted on a stationary r i g which has 
re ce ntly been enclosed by a sound - pr oofing structure to localize the noise 
generated by the system . The air craft system ducting and equipment are 
duplicated on the rig mstallation as closely as possi b le Substitute equip­
ment, however, is used when specifie d aircraft equipmen t i s not available . 

The rarr cooling air for the system is supplied by a blower driven by a tan ­
dem electric motor installation . The ram cooling air is drawn by the blowe r 
from the general test area outside of the rig enclosure and exhausted to the 
atmosphere outside the main tes t building . No attempts have been made to 
s imulate the actual flight tempe r ature and p r essure conditions of the ram 
coo l in g air . 

28 . 3. 2 . 2 ARROW 2 R ig 

A full - scale rig for the ARROW 2 aircraft, similar to the ARROW 1 rig, will 
be c onst ructed . The design of the test rig is nearing completion and a sub 
stantial portion of the component part s are pre s ently in manufacture . An 
ARROW 2 rig is necessary since the systems for the two aircraft variants are 
qui te d i ffe r ent and simultaneous testing of ARROW 1 and ARROW 2 system is 
scheduled. 

28 . 3 . 3 TEST PROGRAM AND PROGRESS 

The tests making up the ai r conditioning system test p r ogram , and their status 
to date, are as follows · 

1. ARROW 1 air condition ing system te sts . This is a series of general 
tests to dete rmine overall system pe rformance and to check system 
functional inte grity . Tests have been completed on: 

(a) Flow distr ibution 

(b) Duct characte r istics 

{c) Equipment and rain r epellent c i rcuits 

( d) Sim ulated taxi case 

2 . ARROW 2 ai1· conditioning systerr• tests . Thes e are performance and 
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3. 

functional integrity tests similar to the ARROW 1 tests . The test rig 
is in proces s of design and construct i on. 

Cockpit environment tests . 
the a ircraft metal mock - up . 
p r epared fo r the te s ts o 

This is a general test program utiliz ing 
The metal mock - up is presently be ing 

4 0 Performance check of ARROW 1 first aircraft equipment . This com ­
prises pre -installation tests of system equipment on the test rig . 
Schedule d tests have been completed. 

5 0 Pre ~flight te s tmg of ARROW 1 first aircraft system . This comprises 
testing of the aircraft installed system p rior to first fl i ght . 

6 . Pe rform ance and pre - flight t estmg of ARROW 1 fourth and fifth air ­
craft system and componen t s. The se constitute tests similar to the 
tests on the first air c raft outlined in i t ems 4 and 5 above, to p r ovide 
pre mstallation and pre - flight checks of the specially modifi ed air 
conditionmg system of the ASTRA I test vehicleso 

7 . Flow control te s t . Preparati on for these te sts a r e m p r ogres s. 

8 0 M isc ellane ous te sts 

(a) Duc t m sulation t ests have be e n completed recently, and have 
e s tablis hed insulation requirements fo r the bleed air ducts in the 

ARROW 2 

(b) Clamp jomt leak tests to e s tablish efficiency of duct jo ints are 
pre s ently well a dva n ce d . 

(c) Leak dete tion t e ·ts for bleed air Imes are schedul ed. 

(d) Pre s sure drop tests m the vaned elbow s are c;cheduled. 

Addit i onal tests w i ll be r eque ste d and sc hedule d as the design and development 

prog ram pr ogresses o 

28 . 3. 4 TEST RESULTS 

The perforrrance tests of the ARROW I fir st aircraft equip ment have shown 
that the tur bi e, aug m ento r, heat exchanger, water evaporator and p r e ss ure 
reducing valves operate sahsfactorily o Some difficulties, however, w ere 

experienced with the temperatu re cont r ol urcuits . 

The cockpit temperature control c i rcuit and the turbine outlet tempe ature 
control circui t we 1 e found to be unstable on test . The natu r e of the instability 
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of the circuits and the modifications made to obtain satisfactory circuit opera 
tion are discussed m greater detail in Part 3, Section 11 of this report. The 
equipment temperature control ci r cuit exhibited satisfactory operating char 

acteristics . 

The duct character i stics tests hav e indicated that duct losses are from 30o/o to 

60% lower then the estimated values . 

28 . 4 ELECTRICAL SYSTEM 

28 . 4 . 1 GENERAL 

The te s t program scheduled for the electrical system has been completed . The 
tests, howeve r , produced the requirement for several modifications to the 
system breadboa r d . The modified circuits then required further testing . A 
brief summ a ry of electrical systems testmg is given below : 

28. 4 . 2 ELECTRICAL SYSTEM FUNCTIONAL AND OPERATIONAL TEST 

The operation of the complete electrical system has been completed . The 
mput terminal conditions were typical of the aircraft power supply, and 
service loads were r epresented electrically at the output terminals . It was 
desired to determi ne the effects of typical load situations upon the voltage 
and current at te s t points in the circuit , while consider ing continuous setvice 
loads and p r obable a rrangements of the longer transient loads . 

The tests simulated the operation of the various power system circuits as 
installed i n the e lctric al system b r eadboard . The functioning of each system 
could then be ob s e r ved unde r typ i cal flight and ground operations including 
condition of typical failure . Tests were conducted on the follow ing systems · 

a) Star t and i gn ition system 

(b) Engine servic e system 

(c) 

(d) 

{e) 

( f) 

(g) 

{h) 

Landing system cir cui t 

Fuel system circuit 

Fire protection c i rcuit 

Canopy actuator circuit 

Air conditioning circuit 

Flight services circuit 
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(i) Internal and external light ci r cuits 

(j) Duct de - icmg ci r c uits , and nose, wmdshield and eanopy cir c uits . 
S everal faults we r e observed during these te s ts, these have been cor­
rected m the ARROW 1 eleetncal system. A brief description of the 
major recommended changes will be found in section 10 . of this report . 

28 . 4 3 30 KVA ALTERNATOR PRESSURE DROP 

During t he tes t ing of the 30 KVA alternator , a high p ressur e drop w as noted. 
Investigation later r evealed that the position of the cooling duct in the alter -
nator wa s c ntieaL A more detaile d te st wa s then carried out under more 
rigid regulat i o ns w ith an exa e tly rep resentative inlet duct place d in various 
positions . Te s t s w ere also conducted usmg ducts of different configur ations . 
These tests were fol l owed by p ressure d r op tests made at h igher air densi 
ties . The completion of these tests produce d satisfaetory ver i f icat ion of 
aerodynamie calculati ons . The des ign of the d uct was changed to give the 
optimum c ooling. 

28 . 5 LANDING GEAR SYSTEM 

28 . 5. 1 GENERAL 

The objeetive o f the gr ound test program for the landmg gear system is to 
pe rfo rm realis t ic funct ion tests which will inelude var iable s such as aircraft 
speed, a e celerahons, altitude , temperature and operation of emergency 
system . The p rogram will also provide stud i es of the interactions of the three 
landing gears, a nd their doo rs , and the times required for raisrng and lower ­
ing . 

Test rigs have b e en con structe d with all appropriate pneumatic and hydraulic 
piping, control appara tus and actuating gear . The se rigs contarn the 
meehanisws to i-eprodu ce the moments on the legs and do o rs for all pos itions 
of the g e a r and fo r any fli g ht ease . 

The rig structure i tself has been de signed to simulate the deflection s of that 
part of the airframe it re places A metho d of varyrng the distan ces between 
various elements of the s y stem, sueh a s hinges, pivot points, latch positions 
etc . , has been devised to re p resent structural distortion corresponding to the 
flight ease being c onsi dered . Extreme temperature te s ts will also be made 
with allowanee s fo r the d ifference in thermal expansion and contraction between 
the rig and the actual airframe . 

The lan d ing gear test prog r am will require no additional special fac 1hties 
sinee the environmental c hambers , pumping, recording and refrigeration 
equipment required for the flying c ontrol tests are to be use d 
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All testing bearing on the safe ty of the aircraft will be comple ted before first 
flight, with the r emamder be ing completed as t ime and facilities permit . 

28 . 5. 2 STATUS OF LANDING GEAR SYSTEM TESTING 

Testing of the nose l a ndin g gear ret r action jack for hyd r aul ic damping ha s 

shown the a cti on to be satisfactory . 

Tests have been completed for retrac tion a nd extension unde r two flig ht case 
loads ( 1 and 7) w ith satisfactory results . 

The flo w rate t o retract the nos e gear in 2 seconds was found t o b e approxi 
matel y 10 gall ons p er m mute . 

T ests have be e n complete d for re traction and ext ension under two flight case 
loads (1 and 4) during which i t was found that the do o r uplock rollers struck 
the latches unevenly causing a small amount of p m bending . In addition , the 
door jack w as applymg load to the do or before the uplock was released. 
Further testing has been earned o ut to m vestigate these faults . 

The rig is now having nose - wheel steering incorporated into it, fo r t estin g m 
c onjun ct i on wi t h the flymg control rig . 

Prelimin ary extension an d retraetion t es t s of the main landin g gear are planned 
for t h e imme diate future . 

28 . 6 CANOPY AN D ESCAPE SYSTEM 

28 . 6 . 1 INTRODUCTION 

Initial tests on the canopy and escap e sys t em may be d ivided into two main 
stages : mechanical operation of the system a nd operation under simulated 
flight loads. The first of these has already been completed and the second is 
about t o commence . In addit io n planning of rock et sled tests is under way . 
No contractual authority has yet been g r anted for this test work . 

28. 6 . 2 PROGRAM 

The program on the canopy and es c ape m eeh anisms ha s been divide d into four 
main sections and the t es ts will b e done in approximately the following order : 

{i ) R ig t ests w ith dummy canopy to de v elo p and p r ov e emergency unlatching 
and openmg . 

{ii) R ig t ests with ~ctual canopy and representative cockpit volum e, pres­
surize d, but without external load , to de monstra t e canopy mtegrity . 

Li 
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(iii) Demonstrat10ns of canopy emer gency actuation and seat e j ect i on 
sequences at zero speed, w i thout simulated airloads . 

(iv) Rocket sled tests w ith dummy e j ections 

To date section (i) has been completed and section (ii) tests are about to 
commence. 

28. 6 . 3 A BRIEF HISTORY OF TESTS 

Twe nty four init ial canopy funct ioning tes t s, for cartridge evaluation, we re 
done with no l oading o n the canop y . Opening time s varied fr om . 37 to . 76 
seconds, at ro om tempe r a ture s , but r esults were mor e consistent w ith h i gh 
and l ow cartridge temper atur e s. F urther t e s t ing will be c onduct ed with the 
aircraft canopy sub j e cted t o initial pr e ssure on another r i g configuration 
whic h is now unde r construct10n . T his testing must a wait availa b ility of 
canopies, whic h a re expected in O ctober . 

Eje ction s ystem tests will be pe rformed usmg the cockpit of the s tatic test 
air craft. E fforts contmue to obtain a suitabl e net to catch the seat and 
dummy . 

Cons i de r abl e p rep aratory wo r k has been done towar d s r o c ke t sled te s ting of 
the ARROW es ca pe system . No m ate rial or de rs will be p lac ed until c on ­
tract ual a utho rit y is granted . T est s pecificat10ns h a v e been sent t o p r o s ­
pective contractors and their p r oposals are being evaluated. 

28 . 7 SPAR R OW M ISSILE PACKAGE 

28 . 7 . 1 HYDRAUL IC M ISSILE LOWERING AND RETRACTION S YSTEM 

As part of the o v e rall armament te s t p rogram a senes of te"ts has been 
conducted to p r ove the p rinciple of the hydraulic sy;, tem or the mis s il e 
lower ing a nd retractio n me c hanism . 

The te s t r i g had fac iliti e s for one only simulated Sparrow 2D m i s ~ile and 
mi s s ile l aunc he r . A ctual mis s ile lowe r ing and retraction ha r dware was not 
u s ed, as t he s e it em s we re not ava ilable. Although the c ompl ete test was 
not very sat isfactory from a mechamcal as p ect results were obta ine d that 
indicated the hydr aul ic p r essures and ope ration time we re within the design 
requirements . F urther te sting will be continued when the ac t ual air c ra ft 

hardwar e is a v ailabl e . 

28 . 7 . 2 MECHANICAL WEAR TES T S 

In an attempt to reduce the wear of th e magnesium sidel oa d reacting link of 
the m iss il e l owe r ing mechanism, a series of tests is be ing car ried out to 
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obtain a suitable liner that will reduce the coefficient of friction . The side ­
load reacting lmk acts rn a simi ar manner to a cylinder and p iston with two 
sets of p iston i ngs and a side force acting on the piston rod. 

As a first attempt to reduce the wear, the magnesium bor e was lmed with 
. 00 5" thick Teflon tape , cemented to the walls with Garlock 201. The piston 
was actuated at the designed s pe ed and applied loads . Afte r 102 cycles the 
Teflon was worn through to the metal surface at the bearing areas of the 
piston rings . The piston ring bearing areas were then increased by 50%. 
Although simila r wear results were obtained, it was thought that the wear may 
be due to heat generated by continuous cyclin g . The Garlock 201 cement 
should be limited to 150°F . Friction temperatures were not taken du r ing the 

tests. 

Testing wi ll be contrnued using Teflon at single cycle operation and tempera 
ture limited to 130-140°F . Later tests will use nylon sheet liners in place of 

Teflon ta,pe . 

28 . 7 . 3 WEAPON PACK - FRONT SEAL 

Vanous tests ha ve been conducted to evolve an effective seal between the 
for wa r d edge of the weapon pack and adjacent airframe structure. This seal 
has to accommodate a s ructur a l movement of over one inch. 

Fo l ow ng the fmd .ngs of these te s ts , a s uitabl e s eal has be n designed, This 
sea cor.s i sts of a strip of s tamless ste 1 finge rs covered with Neoprene 
rubbe r and then covered w ith Teflon sheet. This s a ndw 'ch const r uc tion b i dges 
the gap with one end attac hed to he airframe , whil e the other r ests on an 
a l uminum bl ck. The sa dwi ch constr u ction 1s backed by an inflatable a i r 
bag. The stamle s s eel s t rip 1s in a finge r fo r mat i on to a llow it to follow the 
airc r aft contours . 

The concluding tests 1 dicat ed. that this w ill be a servi c eable se al, retaini g 
the m aximum allowable l eak rate , w i th a fo r ce of 35 lbs/in of seal length 
appl i ed to the ad ja c ent s t r c t ur e s. 

28 . 7 . 4 DOOR OPERATING LINKAGE 

Recently a series of tes t s has been p l ann ed to investigate the operation of the 
roller - type door s closing about the mi ss ile body The ob j ect of these tests 
wil be to check the actual me c hanical func tion of the doors and link mechan ­
ism at the de s gn speeds of door oper ation Te s ting has not yet started . 
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29. 0 FLIGHT T E STING 

2 9 . 1 G E N E RAL 

To date the Flight Testing D epartment has been engaged in preparation of the 
flight test program for the ARROW, which has consisted of the following major 
projects: 

1 . Evaluation and final selection of both airborne and ground instrumentation. 

2 . The design of aircraft instrumentation and installation. 

3. The breadboard testing of the instrumentation. 

4. The flight testing, on CF - 100 aircraft, of both the recording and tele ­
metering facilities . 

5 . The testing of a simulated ARROW flying control system on CF - 100 
aircraft 18107 . 

29 . 2 FLIGHT TEST INSTRUMENTATION 

Three ARROW aircraft are scheduled for full instrumentation . Each a ir craft 
will have an instrument pack which 1s a complete sub - assembly in itself. 
This pack is designed to carry both the airborne magnetic tape and the tele 
rrietering system . It 1s interchangeable with the weapon pack . The data 
processing system is fully automatic 1n collection, storage , recovery, cor 
rections and presentation. Test data will be available m both tabular and 
graphical form . 

The flight testing of the instrumentation is currently under way m aircraft 
18185 and 18186 . 18185 is being used for Datatape and also fo r r adio com ­
pass installation development, including measurement of sense antenna 
cap acitance and effective he ight . 18186 is the veh icle used fo r telemetry 
development. 

29. 3 PRE - FLIGHT TESTS 

As applied to the ARROW fltght test program, the term "pre - flight " refers to 
tests perfo rmed during build and prior to firs t flight. Extensive pre - flight 
tests of both aircraft systems and instrumentation are schedul e d these will 
include initial engine runs, control settings and functional tests on all the 

systems . 

On completion of quality control tests, the pre - flight te sts on ms rumentation 
check - out and calibration will be done . 
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29. 4 FLIGHT TEST PROGRAM FOR FIRST AIRCRAFT 

It has become obvious tha t nearly all preliminary flying will be b ased on the 
stability and control program . Testmg on other subjects will , in the main, be 

byp ro ducts of this program. 

The object of this program is to examine the airworthiness , safety of flight 
and systems functioning of the aircraft and to establish preliminary flight 
envelope boundaries for safe operation of the a ircraft . It is anticipated that 
this will encompass the greater part of the fhgh envelope. 

In or de r to proceed with the flight test program it will be necessary to ensure 
that it is safe to do so from a structural pomt of view. Initial tests will be 
made at low normal load factors and with limited manoeuvring . With the 
installed instrumentation it will be po ssible to assess the stress levels 
achieved at critical pomts and obtain approval to continue to highe r factors . 
This procedure will be followed throughout the program until the limits of the 
damper system have been covered. It wi 1 be necessary to carry out specific 
tests for thi s purpose but these will be limited in number and will be i nt egrated 

with other f...ights. 

A similar p1 obmg p rogram may be necessary for flutter testing in the region 
of critical de sign points . Owmg to the stringent recording requirements no 
other testing will take place durmg these tests. 

29. 4 . 1 TESTING - PHASE 1 - AIRCRAFT ALLOCATION 

lt can be seen from Fig . 54 that in all, three a i rcraft have been allocated for 
Phase 1 t r ials. The second of these will then be made available to the RCAF 
as a safe functwnal vehicle in order that a Phase 2 program may be executed . 

Upon its return , it is scheduled fo r use (together with the first and second 
aircraft) in cont r actor's Phase 3 developrr,ent work. Phase 1 testing is divided 
mto two main sections, namely Stability and Control, and Systems. As has 
already been mentioned , the priority on the forme r is such as to make it the 
focal point of the mitial fl i ghts . 

29. 4. 2 PHASE 1 ST ABILITY AND CONTROL 

The principle of testmg will be one of probing flights. 
envelope w ill be examined at each step and each mode 
d eveloped within this segment. 

A segme nt of the flight 
of control will be 

1t is hoped that damper development on the flight simulator together with 
pi_lot familiarizatwn on this simulator, will pe rmit safe ta;e - off a nd landing 
w~th the damper system inoperative . It is estimated that a large part of the 
fl i ght envelope may be flown ' th t ·f • • 1 • • wi no ar i icia damping and in order to avoid 
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the possibility of damper failure , the first flight will be made with this mode 
of controL It is hoped to test the emergency mode during the first flight, 
but at a medium altitude . The first flight will be limited to Mach numbers 
in the m edium subsonic range. Within this envelope all three modes of 
control will be tested during subsequent fl ights and ceve loped up to a 
limited amount of normal acceleration and rate of roll. 

Once the damper systems have been developed at the lower altitudes and 
speeds, the stability envelope will be gradually extended into those regions 
where the natural damping alone is inadequate. ln these r egions, the air­
craft will normally be flown with the damper system operative, but the 
thresholds will be determined by reverting to natural damping only for short 
periods at each increment of speed over a range of altitudes. Acceptable 
increments of Mach number and altitude will depend on day-to - day results. 
Suc cessive steps in filling in the flight envelope will be made with due 
regard to structural considerations. 

One advantage of flying the aircraft with no artificial damping is that 
stability derivatives may be derive d and any sources of disagreement 
between estimated and flight test values may b e distinguished between air­
craft and damper system parameters . 

29 . 4. 3 PHASE 1 - SYSTEMS 

On the systems, testing will be mainly confined to monitoring, although 
spe cifac flights, on a hmite d basis, will be done. The flyrng control system 
is so closely integrated with the stability and control program as to warrant 
special attention . Examination of the operation of the control system will 
be made during this time . 

The engine installation reqm.res certain tests to simulate design conditions 
mostly related to cooling problems. Thes e will entail operating the air­
craft for reasonably long periods at steady condit10ns, as well as runmng 

the engines on the ground. 

Sinc e the air conditioning system on these aircraft is not fully represent­
ative of the system to be installed in the production a ·~ rcraft, testing will 
be confined to that necessary to ensure adequate functio n mg. Tests on 
telecommunications and antennas will be necessary to ensure that com­
munication, navigation, and identification faciliti es are adequate for the 
flight test aircraft . Tests will be arranged rn conjunct10n with other test 
flights whenever this is possible but a limited number of specific flight 
tests will be r equired This program will be complementary to tests 
made on CF-100 aircraft , full scale mockups and on scale models prior 
to ARROW 1 first flight . It is not intended to carry out generalized per­
formanc e tests during the Phas e 1 program. However, in the course of 
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other t e s t s it will be possible to obtain some data on maximum spee ds a nd 
alti t ude p e rformanc e . 

Ref: Propose d Flight T e st Program - ARROW 1 - Phase 1 (Issue 2) 
22 May 19 57. 
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TECHNICAL DATA 

GENERAL 

Very many forms of technical data of varied presentation have been pro­
duced during the course of the investigation and design of the ARROW air­
craft. Some of these documents have become obsolete before completion, 
while others have remained valid but are not in a reproducible form due 
to various reasons, although they could be either made available for 
inspection , or made into an issuable document, if specifically required. 

PRESENTATION OF TECHNICAL DATA 

Technical data relative to the AVRO ARROW aircraft is presented in the 
forms listed below. Where applicable they are sub - divided into ARROW 1 
and ARROW 2. 

Model Specifications 

A VROCAN Specifications 

Technical Reports 

Maintenance and Ground Support 

30. 0 SPECIFICATIONS ISSUED 

30. 1 MODEL SPECIFICATIONS 

ARROW 1 - Model Specification 
ARROW 1 - Equipment List (Issue 3) 

ARROW 2 - Model Specification 
(Draft) 

30 . 2 AVROCAN SPECIFICATIONS 

Number 

AAMS-105/1 
Appendix to 
AAMS - 105/ 1 
AAMS - 105 - 2 

Date Issue d 

March 1957 
May 19 57 

August 1957 

The AVROCAN specifications are currently sub - divided into the following 

sections : 

Equipment (E) 

Process (P) 

Material (M) 

Manufacturmg (Ma) 
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Tests (T) 

Test Equipment (TA) 

Of these sections, only the equipment (E) 1s further sub-divided into CF-100 
and ARROW aircraft. To date approximately 350 AVROCAN (E) specifications 
have been issued specifically for the ARROW aircraft. An index of these spec­
ification numbers and titles dated July 31, 19 57 was issued to the RCAF. 

In addition to above, the following indexes of standards and specifications 

have been issued to the RCAF at its request. 

(1) GEN/ STDS/ 3 

(2) GEN/STDS/8 

(3) GEN/ STDS/9 

Design and Data Standards 

Process Standards 

Process (P) Specifications 

Additions to this list of standards and specifications will be issued at a later 

date . 

31. 0 REPORTS ISSUED 

31. 1 TECHNICAL REPORTS 

The technical r eports have been sub - divided into the following categories. 

(a) Pre liminary D esign Proposal 

(b) Wind Tunnel Data 

(c) Weight and Balance 

(d) P erformanc e 

( e) Stress Analysis 

(f) Structural Strength T ests 

(g) Electrical Load Analysis 

(h) Weapon System Analysis 

(j) Weapon Ground Support and P e rsonnel 

(k) Aircraft Ground and Flight T ests 

(1) Functional Type Tests 
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(m) Vendor's Reports 

(n) ASTRA I System 

(o) Syste ms 

31. 1. 1 PRELIMINARY DESIGN PROPOSAL 

Report# Description Issued 

P / Cl 05/l 

P / Cl05/ 2 

Preliminary Design Proposal May 1953 

Preliminary Des i gn Proposal June 1953 

31. 1. 2 WIND TUNNEL DATA 

TUNNEL AND 
REPORT NUMBER DESCRIPTION 

C . A . L . (Buffalo) SERIES I (. 03 scale) 

P/WT/6 
P / WT /7 
P / WT /8 

Preliminary Plots 
Final Plots 
Derivatives and Zero Value s 

C. A. L . (Buffalo) SERIES II (. 0 3 scale) 

P / WT / 19 
P / WT /l 9a 
P / WT /20 

Corrected P lots 
Rough Plots 
Derivative s and Zero Values 

C . A. L. (Buffalo) SERIES In ( . 03 scale ) 

DATE OF TEST 
AND ISSUE 

SEPT. 1953 (TEST DATE ) 

(Sept. 53) 
(Sept. 53) 
(Sept . 53) 

APR . 1954 (TEST DATE) 

(May 54) 
(Apr . 54) 
(June 54) 

JUNE 1954 (TEST DATE) 

P / WT / 27 
P / WT / 29 
P / WT / 30 

Rough P lc,+s (June 54) 
Corrected P lo t s (July 54) 
D erivative s and Zero Values (Oct . 54) 

C . A. L . (Buffalo) SERIES I V ( . 03 scale ) JULY 19 54 (TEST DATE) 

P / WT / 39 
P / WT / 4 0 
P / WT / 41 

Corrected Plots 
D erivatives and Zero Values 
Rough Plots 

(Aug. 54) 
(Aug. 54) 
(Aug . 54) 
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TUNNEL AND 
REPORT NUMBER 

C . A . L . ( Buffa lo) 

P / WT /47 
P / WT/49 
P / W T /5 0 
P / WT /5 2 

C . A . L . ( B uffalo) 

P / W T/58 
P / W T /60 
P / W T/6 1 
P / WT/6 2 

P / W T/7 1 

DESCRIPTION 

SERIES V ( . 03 scale) 

Rough Plots 
Corrected P lots 
D erivatives and Z ero V a lues 
C onfiguratio n and R eyno lds 
N umber l nve sti gation 

PERIOD I,11,andlll ( 04 scale) 

R ough P lots( P hases 1 , 11, & 11 1 
F mal P lots ( P hase 1) 
F inal P lots ( P hase 11) 
Fmal P lots ( P hase 111) and 

DATE OF TEST 
AND ISSUE 

OCT . 19 54 (TEST DATE) 

(Oct . 54) 
(Oct . 54) 
(Dec . 54) 

(D ec. 54) 

MAR . 19 55 (TEST DATE) 

(Mar. 55) 
(Mar. 55) 
(Mar. 55) 

comp arison with .03 s c ale plot s (Mar. 55) 
A ile ron Pressure Plots 
( P hase 111) (Mar. 55) 

C . A . L . (Buffalo) PERIOD II 04 scale) APR. 1 5 5 (TEST DATE ) 

(A pr . 55) P / W T /66 
P / WT /68 
P / W T / 7G 

C . A . L . (Buffalo) 

P / W T / 76 
P / W T /79 
P / WT / 8G 
P / W T / 81 
P / W T / 82 

P / W T / 84 

P / WT / 121 

N . A . E . (Ottawa } 

P / WT / 85 

N . A . E . (Ottawa) 

P / WT /SO 
P / WT /9 3 
P / WT /97 
P / WT /S 8 

Rough P lots 
F inal P lots 
Cro ss P lots 

PERIOD III (. 04 scale) 

R ough P lots 
F inal P lots 
D erivatives and Ze ro V al ues 
E ffe ctof D roopon CL ,CD,& ~ 
F inal P lots (High R eynolds No . 
and Hi gh Angle of A t tack at 
M = 0. 5) 
Variation of Deriva tives with 
Angle of Attack 
F in Pitot Po sition E rrors 

( . Cl2 5 s cale) 

Asymmetric l ntake F low 

PERIOD I (. 07 scale) 

P lots and Cor rections 
P lot s 
Plots and C orrections 
Correcte d P lots 

(A pr . 55) 
(M a y 55) 

MAY 19 55 (TEST DATE) 

(June 55) 
(June 55) 
(June 55) 
(A ug. 55) 

(June 55) 

(June 55) 
(July 56) 

SEPT . 19 55 (TEST DATE) 

(Sept . 55) 

DEC . _! 9 55 (TEST DATE) 

(Jan . 56) 
(Jan . 56) 
(Mar . 56) 
(Apr . 56) 

L 
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TUNNEL AND 
REPORT NUMBER 

N . A . E . (Ottawa) 

P/WT / 102 

N . A. C . A . (Langley) 

P/WT /11 1 
P/WT/112 
P /WT/114 

N . A . E . (Ottawa) 

P / WT/ 11 9 
P / WT / 126 
P / WT / 129 

N.A. E . (Ottawa) 

P/WT / 135 

DATE OF TEST 
DESCRIPTION AND ISSUE 

Reflection Plane Model FEB . 1956 (TEST DATE) 
(. 02 scale) 

Plots (Feb. 56) 

(. 03 scale) M == 1.41 APR. 195 6 (TEST DATE) 

Plots (May 56) 
Cross Plots (May 56) 
Rough plots and Calculations (May 56) 

PERIODS II and 1II ( . 07 scale) MAY - JULY (TEST DATE) 
1956 

Plots (July 56) 
Photographs in Tunnel {Sept. 56) 
Miscellaneous Effects (Nov. 57) 

(. 0125 scale) MAY -AUG . (TEST DATE) 
1956 

l/80th scale tests at N.A.E. (Oct. 56) 

N . A . C . A . (Langley)( .0 3 scale) M ==l.6 ,1.8 , 2 .0 JULY 1956 (TEST DATE) 

P / WT / 122 Plots in Body Axes (Se pt. 56) 

P / WT / 123 Plots in Stability Axes {Se pt. 56) 

P / WT / 125 Cross Plots and Derivatives 
in Stability Axes {Se pt. 56) 

P / WT /1 27 Photographs in Tunnel (Sept . 56) 

C . A. L. (Buffalo) (. 04 scale) FEB-MAR. (TEST DATE) 

19 57 

P / WT / 147 Rough Plots (Mar . 57) 

P / WT / 148 Final Plots (Armame nt) (June 57) 

P / WT /1 4 9 Final Plots (Canopy) (Apr . 57) 

P / WT / 150 Final Plots (Aircraft) (June 57) 

31. 1. 3 WEIGHT AND BALANCE 

T he following reports are issued monthly, as required by CAP 479. There ­
fore, a further index of weight and balance reports will not be included in 

t' ... c Quarterly Technical R eport . 
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31. L 4 PERFORMANCE 

R eport # Description Date 

1 Monthly P erformance Report Se pte mber 1955 
2 Monthly Performance R eport November 19 55 
3 Monthly Performance R eport December 1955 
4 Monthly Performance R eport January 1956 
5 Monthly P erformance R eport Not Issue d 
6 Monthly Performance Report March 1956 
7 Monthly Performanc e R eport April 1956 
8 Monthly Performance R eport May 1956 

9 Periodic Performance Report - November 1956 
10 Periodic Performance Report - D ecember 1956 

31. 1 . 5 STRESS ANALYSIS 

The following index of stress reports is a revision of the index previously 
sent to the RCAF on July 12, 1956 (Ref. 1399/l 5A/J) . 

ARROW 1 

Report # 

7/0500/ 24 
7/0500/ 25 
7/0500/26 
7/0500/27 
7/0500/28 
7/0500/ 29 
7/0500/ 30 
7/0500/ 31 

7/0510/17 
7/0 511/2 
7/0525/9 
7/0525 / 10 
7/0525/11 
7/0533/3 
7/0551/1 
7/0552/49 
7/0558 / 84 
7/0558/85 
7/0562/65 
7/0562/66 
7 /0 562/67 
7/0562/ 68 

Description 

D erivation of Loads for Asymmetric Flight Cases 
Wing Air load for Asymmetric Flight Cases 15, 16 and 1 7 
Comparison of Rigid Wing with Elastic Wing Loads 
Rigid Wing Landing Case Loads 
Sample Problem - Trape z oidal Structure Elements 
Thermal Analysis 
Comparison of Free Flight and Test Heating 
Comparison of the Accuracy of the Finite Differenc e and 
Analytical M ethod in the Problem of Linear Heat Transfer 
Loads System anti - Symmetric Case 
Structural Requireme nts for the UHF Annular Slot Antenna 
Unit Analysis of J75 Engme Reactions 
J75 Engine Reactions 
Engine Rail Analysis 
Drop Tank Release System 
Structural Requireme nts C-105 Radome 
Frame - Longe ron - lnter Action 
Preliminary Loading Centre Section 
Heat E xchanger Cut- Out s 
Upper lnne r Longeron and Dorsal Attachments 
Rib . No . 4 - M ain Spar to Auxiliary Spar 
Fuselage Side Rib and Front Spar to Auxiliary Spar 
Tank Pressure Strength Summary 

[ 
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Report# 

7/0564/41 
7/0564/42 
7/0564/43 
7 /0564/44 
7/0574/3 
7/0574/4 
7/0574/5 
7/0574/6 
7/0582/2 
7/0583/13 
7/0583/14 
7/0583/15 

7/0583/16 
7/0583/17 
7/0583/18 

ARROW 2 

7/0511/200 
7/0514/200 
7/0516/2 0 0 
7/0522/200 
7/0532/200 

7/0551 / 200 
7/0552/200 
7/0554/200 
7/0554/20 1 
7/0554/202 
7/0554/2 03 
7/0554/204 
7/0554/20 5 
7 /0554/206 
7/0554/207 
7/0554/208 
7/0554/ 2 09 
7 /0554/210 
7/0554/211 
7/0554/212 
7/0554/ 213 
7/0554/214 
7/0554/215 
7/0554/ 200 
7/0554/201 
7/0555/202 

Description 

Outer Wing Technical Data Sheets 
Loads, Bending Moments, Shears and Torques 
Trailing Edge Loading Analysis 
Outer Wing Slinging Points 
Aileron Buzz Dampers 
Aileron Control System Tie Rod 
Aileron Control System Steel Bell Cranks 
Safe Life Limit for Aileron and Rudder 
Elevator Buzz Damper Mechanism 
Fin Trailing Edge Skins 
Fin Rib 92 . 25 
Fin Ribs (1) In Detachable Trailing Edge (2) In Main Structure 
(3) Holes etc for Fair Leads 
Matrix Ribs 
Fin - Engineers Bending Distribution 
Fin and Rudder Loads for Design Cases 

Installation of Electrical Equipment 
Engrne Controls P . S . - 13 
Fuel System 
Air Conditioning and Pres surization 
Hydraulic System - Flying Controls , Utility and Acce ssory 

Drive 
Radar Nose 
Forward Dorsal F airing - Station 268 - 31 7 
Air Conditionmg Tray Station 255 - 315 
Transition Duct Station 255 - 291 
By-Pass Door and M echanism Cut-Outs in Intake Duct 
Compressor Outlet Duct Attached to Dorsal Station 29 1 
Air Conditioning Bay Side Walls Station 255 - 315 
Fue l Tank 
D eflector Shield 
Engine Bleed Pipe Support Structure 
Sparrow P ack Pi ck-up Structure 
Upper Access P anel Station 268 - 292 
Equipment Bay Formers 
Former Tubes and End Fittings 
Load and Stress Distribution from General Aircraft Analysis 

Heat E xchanger Exhaust Duct 
Transition Duct 
Tank Bay Formers Full Fuel Case 
Frame 214 
Frame 228 
Frame 237 



Report # 

7/0 555 / 203 
7/0 555/ 204 
7/0 556/ 200 
7/0556/20 1 
7/055 6/ 202 
7/05 56/203 
7/0 556/ 204 
7/ 0556/ 205 
7/0556/ 206 
7/0556/207 
7/0 562/208 
7/05 58 / 233 
7/0 558/ 234 
7/0 558 / 235 
7/0 558/ 236 
7/0558/237 
7/0 558/238 
7/0 558 / 239 
7/0558 / 240 
7/0 558/241 
7/0559/200 
7/05 59/201 
7 /0 559 / 202 
7/0559/2G3 
7/0 559/204 
7/0559/205 
7/0 559/206 
7/0 559/207 
7/0 559/208 
7/0 559/209 
7/0559/2 10 
7/0 559/211 
7/0559/212 
7/0 559 / 21 3 
7/0 562 / 200 
7/056 2/ 201 
7/05 62/ 202 
7/05 62/203 
7/056 2/ 204 
7/0 562/ 205 
7/0 562/ 206 
7/0 562/207 
7/0562/208 
7/0594/30 
7/0594 / 31 

________________ A_Y_R_o_A_,_R_c_R A_F_r_"_M_1_r_ro ______ ~
1
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Frame 246 
Frame 207 

Description 

External Drop Tank - Attached Loads 
External Drop Tank Attachment Structur e D etail SL··cs sing 
Floating Duct 
Oil/ Air Heat Exchange r Installation 
Heat E xchanger Structure 
Gill Structure 
Former 562 
Pressu re R egulator Access D oor 
Light For m e rs 543 - 557 
l ntercostal Beam and Transverse Diaphrams 
Starter Shroud 
Restrictor 
Wmg to Fuse lag e Joint Station 697-742 
Engine Door Fairing 
No . 2 Engine Door R e strictor 
Service Door s No. 1, 2 and 3 
Sta rter Door 
Cross Beams Station 606 and 625 
Loadings 
Section P ro perties Longeron E nd Loads and Shear Flows 
Frame 753 
Frame 803 
L ight Formers 758-79 8 
Skinning 
Longerons 
Centre Box Station 742 . 5 - 753 
E ngine Door Station 742 . 5 - 803 
Rudder and Dorsal F a irmg 
Latches 
Tail Cone Forme rs 
Tail C one Skinning 
Tail Cone Longe ron s 
F ront Centre Engine Mount 
Inboard E ngine Mount 
Rib o No . 5 
Rib. No . 6 
Rib . No. 7 
R ib. Noo 8 
Rib. No. 9 
Inner Wing Spar She ars 
Auxiliary Spar 
Preliminary Teles copic Link Sizing Sp3. rrow 2 Installation 
Missile O perating M echanism C a rri e r Pr elirn.inary Si zing 
Sparrow 2 Installation 

I J 

17 
I J 
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Report# 

7/0594/32 
7/0594/33 

7/0594/ 34 
7/0594/ 35 

7/0594/36 

7/0594/37 

Description 

Tele scopic L ink Stress Analysis 
Missile Operating Mechanism - Carrier St ress Analysis 
Sparrow 2 lnstallation 
Sparrow 2 Drag Link Stress Analysis 
Sparrow 2 Missile Pack Load Distribution and Deflection 
Analysis 
Sparrow 2 Missile Pack Trunnion Mount D e fle ction and 
Analysis 
Sparrow Missile Pack Parts Lists, Margins of Safety and 
Stress Report Reference 

31 . 1. 6 STRUCTURAL STRENGTH TEST S 

No formal , or reproducible structural strength test reports are available, 
but some reporting has been compiled on II Advance Te st Result Sheets" 
for use within the Engineering Departments of AVRO aircraft. 

31. 1. 7 ELECTRICAL LOAD ANALYSIS 

R eport # 

E2 

E3 

P / System/SR 

P/System/42 

P / System/ 49 

Description 

Estimated Powe r Loads for CF-105 
Aircraft 

E stimated power loads for CF-105 
Aircraft using Sparrow Mi ssiles 

Load Analysis & Powe r System Avro 
ARROW 2 

L oad Analysis ARROW l Aircraft 1, 
2 & 3 

Load Analysis ARROW l Aircraft 4 & 5 

31. 1. 8 WEAPO N SYSTEM ANALYSIS 

NO REPORTS AVAILABLE 

31. 1. 9 AIRCRAFT GROUND AND FLIGHT TEST 

No ground or fli ght test reports have been prepared. 

31 . 1 . l O FUNCTlONAL TYPE TESTS 

ls sued 

Oct. 12/5 5 

Oct. 12/ 55 

Mar . 27 /5 7 

June 5/57 

July-Aug/57 

Each item of e quipment procured to an AVROCAN e quipment specification 
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A V RO ARROW ---, 

will unde rgo qualification testing . All functional type test data and qualifica­
tion t e st r e ports for bought-out equipme nt will be indexed unde r A VRO draw­
ing numbe rs and r e tained in AVRO'S Central Engine e ring Files. 

O n s a tisfactor y comple tion of tests to the A VROCAN e qmpment specification, 
a n approv al state m e nt is issued to the RCAF. Up to date approximate ly 535 
e quipme nt appro v al stateme nts have b e en issue d . Approval of the r emaining 
40% o f the current e quipme nt ordered, should be issue d by Decembe r 19 57, 
wit h approval, for a t l e ast the first aircraft flight. 

31 . 1 . 11 V ENDOR 'S REPORTS 

Vendor's r e port s on e quipme n t supplied to AVRO, for use in t he ARROW 
a ircraft, w ill be r e t a m e d on fil e at AVRO. Their use will b e reqmr e d in t h e 
p re p a r ation of the equipment approval statement issue d for eac h ite m of 
e quipme n t p rocur e d to an AVROCAN spe cific ation. An index of the s e r e ports 
will not b e issue d . 

31. 1. 12 ASTRA 1 SYSTEM 

NO AVRO REPORTS AVAILABLE 

31. 1. 13 SYSTEMS 

Report # 

CF - 1 0 5 Bro c hure L . P . -1 

CF - 1 05 Broch ur e H-lA 

CF - 1 05 Bro chur e H-2A 
CF-1 05 B ro chu r e E-4 
CF-1 0 5 Bro chur e 0-1 
CF - 1 0 5 Brochure F-1 
CF-105 B ro chure F . C. - 1 

ARROW 1 

ARROW 1 

ARROW 1 
ARROW 1 
ARROW 1 
ARROW 1 
ARROW 1 

CF-1 05 B ro chure F . P. -1 ARROW 1 
C F -:: 1 0 5 B r o chur e (n o n umbe r) ARROW 1 
CF~.l 0 5 Brochur e (no numbe r) ARROW 1 
CF-1 05 B rochur e(no n umbe r) ARROW 1 

P / EQUIP/ 62/1 ARROW 1 

D e scription ls sue d 

Low Pressure Pne umatic F e b . 19 56 
Syste m 
Flying Control Hydr a uli c F e b . 19 56 
Syste m 
Utility Hydraulic Syste m F e b . 1956 
Ele c trical Sy ste m F e b . 1956 
Oxyg en System 
Fue l Syste m 
Flying Control Syste m 
Fire Prote ction System 
Prote ction A g ain s t le e 
Electronic System 
Arma m ent Package 
Concep t 

Jan . 1956 
F e b . 1956 
F e b . 19 56 
D e c . 1955 
F e b . 1956 
F e b . 19 56 
F e b . 1956 

Air Conditioning Syste m F e b . 19 56 
Comple t e with data she ets 
( J7 5 e ngine ) 

72 / SYSTEM 13/7 
72 / AlREQ 25 / 1 
72 / SYSTEM 11/27 

ARROW 2 ASTRA 1 System 
ARROW 2 Engine Ins tallation 
ARROW 2 Electrical Syste m 

June 19 57 
June 19 57 
June 19 57 

I 
I 
I 
I 
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Report# 

72/SYSTEM 22/48 
72/SYSTEM 18/29 

72/SYSTEM 23/31 
72/SYSTEM 20/51 
72/SYSTEM 16 / 21 
72/SYSTEM 19/26 
72/SYSTEM 32 / 25 
72/SYSTEM 19/40 
72 / SYSTEM 1 5/ 28 
72/SYSTEM 26/ 8 
72/ENG PUB / 2 
72/SYSTEM 21 /30 

D es cription ls sue d 

ARROW 2 A i r Conditioning Syste m 
ARROW 2 Low Pre ssure Pne umatic 

June 19 57 
June 1957 

Sy ste m 
ARROW 2 Fire Prote ction System June 
ARROW 2 P r otection A gainst lee June 
ARROW 2 Fue l Sy ste m June 
ARROW 2 Hy dr a u lic s - Utility June 
ARROW 2 Hy draulics - F lving Comrol s June 
ARROW 2 Hydrau lics - A mameni Jun e 
ARROW 2 F lying C ontro l System June 
ARROW 2 Arm am ent Sys t em J une 
ARROW 2 E scape System June 
ARROW 2 Oxygen System u ,me 

1957 
19 57 
19 57 
19 57 
19 57 
19 57 
19 57 
19 57 
19 57 
19 57 

31 " 2 MAINT E NANCE GRO UND SUPPORT AND P ERSONNEL. REQUIRE ­
MENT REPOR T S 

R epo rt# 

70/ GEQ/ l 
70/GEQ/l 

70 / M AINT 00/1 
71/MAlNT 00/2 
71 / M AINT 1 1/2 
71 / MAlNT 11/9 
7 1/ MAlN T 11/3 

71 / M AlNT 13/1 
71 / M AINT 1 3/9 
71 / MAINT 16/5 
71 / MAINT 31/1 
71 / MAlNT 9 2/ 1 
72 / MAl N T 00/1 
72 / MAIN T 00/2 

MAlNT 1 05- 1 5 - 6 
MAlNT 105-0 1 

LOG/105/1 

LOG /105/2 
LOG /105/3 
LOG/105/4 
LOG/ 105/5 

D escription 

Ground Support Eqmpment 
P roposal for Ground Support Equipm ent Demonstr ation 
and E valuation Conferences 
Aircraft Jacking R eqmrements 
ARROW 1 Preliminary Maintenance Schedule 
Maintenance Instructions - Lighting Electrics 
M aintenance Instructions - Engine Services Electrics 
M aintenance Instructions Electrics - Windscreen and 
Canopy De -Icing 
M aintenance Instructions - Electronics - J4 Compass 
M aintenance Instructions - Electronics - Radio Compass 
M aintenance Instructions - Integral Tank Sealing 
M aintenance Instructions - Arrester Gear 
M aintenance Instructions - Main Landing Gear 
A RROW 2 Accessibility Report 
Personnel Requirements Data 

Lubrication of Flying Controls - Link Rod Bearings 
P ilot's O rders - Ground Checks Requi red 
Preliminary Requirements Analysis of Operational 

G round Facilities 
P reliminary De script10n o.f Major Ground Equipment 

T owing from Nose Landing Gear 
Automatic Disconnect Couplings 
E s t imate of Electrical Power reqmred for the Ground 

P ower Unit 

267 



Report# 

LOG / 1 05/7 
LOG/ 1 5/8 
LOG / 105/9 
LOG/ 105/ 1 0 
LOG / 105/ 13 

LOG / 1 05/14 

LOG /105/15 
LOG / 105/16 

LOG/105/18 
LOG/ 105/19 
LOG/ 105/ 20 
LOG/ 105/ 24 
LOG / 105/ 25 

LOG/ 105/ 26 

LOG/105/29 

LOG/ 105/30 
LOG/ 105/32 

LOG/ 105/ 33 
LOG / 1 0 5/ 34 
LOG / 105/ 36 
LOG / 105/ 38 
LOG / 105/ 39 
LOG/105/ 40 
LOG/105/43 
LOG /105/44 

LOG /105/45 
LOG / 105/ 46 
LOG/ 105/ 4 7 
LOG / 105/ 48 
LOG/ 105/ 49 

LOG / 105/ 50 

AYNO AINCNAFT l/MITED 

-
_________ ~,-

Description 

Ground l nstallations - 28v DC Power Supply and Interphone 
Mobile Ground Powe r u - ;t" 
Ale rt She l te rs, Gener a l ~Equirernents 
CF-105 Access Door Investigation 
CF-105 Environmental Requirements for Mobile Ground 
Powe r Equipment 
Removal and l nstallation of Trailing Edge Control Boxes of 
Flying Control Mechanism 
CF-105 Systems Mainte nance 
Evaluation of the M e thod and Time required to carry out an 
Engine Chang e on the CF-105 
CF-105 Refuelling and Defueling 
Mainte nance Features of Rubber Fuel Cells 
CF-105 Undercarriage 
E valuation Study of Proposed Mobile Ground Power Equipment 
R e port on Visits to W. A . D. C . & Pratt & Whitney - 6, 7 
March and 13, 14 March 19 56 
Supplementary Information on the Solar T-300J -2, Gas 
Turbin e Air Compressor 
Desc ription and Mainte nance Instructions - General Electric 
Constant Speed Drive 
Maintenance Operations during Engine Running 
CF-105 Maint enance Te sting - Hydraulic Systems and Pumps 
and Fue l Booster Pumps 
CF-1 0 5 Hydraulic Systems Fluid Dispenser 
CF-105 Engine and Gearbox Oil Dispense r 
Preliminary Study of Proposed Armame nt Storage 
CF-1 0 5 Noise (Report on Jet Noise Symposium June 23, 1956) 
CF-105 Cockpit Pressurization Tests 
Air Conditioning System Ground Test 
CF-10 5 Engine Handling Equipment 
Notes on Proposed D esign of CF-105 Arm9,ment Pack'Hoist/ 
Transport Trailer 
Sparrow 2 Loadi ng Transporter 
Air Conditioning Ground T es t Panel 
Maintenance Acee ssibility Survey 
CF-105 Complete Aircraft Sling 
Various Methods of Defue ling the CF-105 and the R e quirement 
for Pressurize d Air 
CF-1 0 5 Runway Surface Requirements 





AYRD AIRCRAFT l/MITED 

Ref. 
No. 

1 

z 

3 

4 

5 

6 

7 

8 

9 

10 

REFERENC ES 

Title 

Monthly Weight and Balance Report 

Monthly Weight and Balance Report 

Damping System Development 

Damping System Development 

Temperature of Centre Rear Engine 
Mount 

ARROW 2, ASTRA I System 

Interim Supplement Brochure, 
ARROW 2, ASTRA I System 

ARROW 2 Electrical System, 

ARROW 2 Hydraulic System 

ARROW 2 Flying Controls Hydraulic 
System 

AVRO 

Report No. 

7-0400-34 Issue 12 

7-0400-44lssue 10 

P / Stability/ 137 page 18a 

P / Stability/137 page 18c 

Date 

72/THERMO/ 3 Aug. 19 57 

72 / SYSTEMS 13/ 7 June 1957 

72/ENG PUB / 3 Se pt.1957 

72/SYSTEMS 11/27 June 1957 

72/SYSTEMS 19/26 June 1957 

72/SYSTEMS 32/25 June 1957 

11 

12 

13 

14 

15 

ARROW 2 Armament Hydraulic System 72/SYSTEMS 19 /48 June 1957 

16 

ARROW 2 Flying Control System 

ARROW 2 Oxygen System 

ARROW 2 Escape System 

RD84A and B ARROW escape system 
specifications for rocket sled testing 
of the ARROW escape system 

A proposed escape system for the 
ARROW 

72/SYSTEMS 15/28 June 1957 

72/SYSTEMS 21/30 June 1957 

72/ENG PUB/ 2 June 1957 

Sept. 1957 

P/SYSTEMS/45 Aug. 1957 
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