


" 
Classification cancelled / Changed to . _.,CJ rv <~ 
By authority of ............. .. -A!~. . 

S E CURIT iWAR Nt:N'd 
3

1:-z~~-C . ,. ~ , 
Signature .. ..... . .... ~Y~~ . f... Y i)·J. 

.( ~dl l\ r, .,, .. , .,,. , , l __ --,-iv . 

r t 

I r, · '· / '1p~~1°'·110 ' A,,. ,e5' 
This do cument is classifie d " S and i s intended solely for the use of 

t h e recip ie n t and such persons as have been d ele gated to use it in the course 

of thei r duty and may only be used in c onnection with work performe d _for or 

on behalf of Her M aj esty ' s Canadian Government. 

T he unautho rized retention or destruction of this document or d isclosure of 

its contents t o any unauthorized person is forbidden . 

Failure to comply with any of the above instructions is an infraction of the 

Officia l Secrets Act. 

Any unauthorized person obtaining possession of this dq,cument, by finding or 

otherwi se, must forwa rd it, together with his name and address . in a regis-

stered enve lope, to t h e En gineering Division , Avro Aircraft L td. , M alton , 

Ontario, Canada. 

This i s c opy N umber • • ••••• 0

1! _7., ..... .. . . 0 • • • 

Issued to 

Date 

J 



Prepare d By : ,, 

A STUDY 

OF 

FIRST LINE MAINTE NA N CE 

AND 

TURNAROUND FACILITIES 

REPORT NO . 72/GEQ/3 

M ARCH 1958 

Appr oved By: 
T. David J . P . Boot • , 
Eq u ipmerit E ng ineer . Chief of Equ pment Design 

A pproved By : UR~ 
A. R. Little boy 
S e ction Chief 
G r ound Equipme n t 

A uthorized By ,~ 5..----­
C . V . L indow 
Eng inee ring P r o ject 
Manager - A rrow 

E NGINEERING DIVISION 

AVRO AIRCRAFT LTD . , MALTON ONTARIO 



SECTION 

1.0 

2.0 

3.0 

4 . 0 

TABLE OF CONTENTS 

TITLE 

ABSTRACT 

1. 1 Introduction 

1. 2 Purpose of Report 

1. 3 Discussion 

1. 4 Conclusions and Recommendations 

INTRODUCTION 

2 . 1 

2.2 

Authority for Report 

Scope of Study 

THE OPERATIONAL CONCEPT 

REVIEW OF ARROW 2 MAIN TECHNICAL FEATURES 

4. 1 Airframe 

4 .2 Engines 

4 . 3 Fuel System 

4 . 4 Hydraulic System 

4 . 5 Oxygen System 

4 . 6 Pneumatic System 

4 . 7 Anti- icing and De-icing 

4 . 8 Air Conditioning 

4.9 Electrical 

4. 10 Armament 

4 . 11 Electronics 

4 . 12 Flight Instruments 

4 . 13 Fire Protection 

PAGE 

1 

1 

3 

8 

8 

8 

10 

14 

14 

20 

27 

36 

39 

41 

43 

43 

46 

5 1 

55 

58 

60 



SECTION 

4 . 0 
(Cont ' d) 

5.0 

6 . 0 

7 . 0 

8 . 0 

9 . 0 

TABLE OF CONTENTS (Cont'd) 

TITLE 

4 . 14 Ejection Seats 

4 . 15 Aircrew Equipment 

GROUND SUPPORT EQUIPMENT 

5 . 1 

5.2 

5.3 

General 

Turnarounds 

1 st Line Maintenance 

PROCEDURE A ND PERSONNEL 

6 . 1 

6.2 

6 . 3 

Turnarounds in the Field 

Turnarounds in Hangars 

1st Line Maintenance 

HANGARS 

7 . 1 Operational R e quirements 

7 . 2 Proposed Sizes 

7 . 3 Location 

7 .4 L ighting and Heating 

7 . 5 Equipment Installat i on 

7 . 6 Electric Power 

7 . 7 Hydrant Refuelling 

LIQUID OXYGEN FACILITY 

REFERENCE DOCUMENTS 

PAGE 

61 

63 

64 

64 

68 

74 

79 

79 

82 

84 

87 

87 

87 

89 

93 

94 

98 

108 

116 



FIGURE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

- 10 

11 

12 

1 3 

14 

15 

16 

17 

18 

19 

20 

2 1 

EGRE T 

'Sii tl) 
LIST OF ILL USTRATlONS 

TITLE 

Leadin g Dimens ions 

Drag Chute lnstallation 

La y out of G r ound Support Equipment for 1st Line 
Main tenan c e 

PAGE 

15 

16 

18 

Engin e Change Equipme nt 19 

A RR O W 2 Ground Support Se rvices 22 

Se r v ic ing D im e nsions 23 

Location of Service Bays ARROW 2 {Elevation) 2 5 

Lo c at ion of Se r v i ce Bays ARROW 2 {Plan) 2 6 

Conn e ctions fo r Fuell ing and Defuelling 28 

H y dra ulic Serv i c e Coupl in g s 37 

L iq ui d Oxygen C onv e rter 4 0 

Pr opos e d M ethod o f F illin g Wat e r Boile r 45 

Loc a tion of Connection s fo r G r o und Support 47 

A R ROW 2 Wea pon Pa c k and Dolly d uri n g H o i s tin g 52 

T urnaround T im e St udy - For war d Base - O utd o o r s 81 

T ime Study - T ur narounds in P repa re d Hangar 8 3 

T im e St u dy S ummary - Pr im ary lnspection s 85 

P os s ibl e Lay o ut fo r Comb in e d T urnaro und and 1st 8 8 
L in e Ma in t enanc e for one Squadron 

P ropo sed A i r Base Lay o ut fo r Two Sq a d r ons 90 
{T u r naround a nd 1st L in e M a in ten a n c e C om b ine d) 

Layout o f Esse n tials of Hydran t Ref ue l Syst em 101 

L iq ui d Oxyge n Facility {Propos e d Layout for A i r 109 
B ase w ith Two Squadr ons) 

iii 



1.0 ABSTRACT 
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1. 1 INTRODUCTION 

In O ctober 1955 the RCAF requested AVRO to conduct certain engineering 

studies in order to ensure that the RCAF would be adequately prepared to 

support and maintain the ARROW 2 in squadron use. 

One of these studies was to cover the accommodation , procedures and equip -

ment best suited for rapid turn·around and efficient 1st line maintenance of 

the weapon system . 

1. 2 PURPOSE OF THIS REPORT 

The purpose of th i s report is : 

(a) To outl ine the turnaround and 1st line maintenance hangar require -

ments . 

(b) To review the ground support equipment for main and forward base 

activit i es. 

(c) To state the procedures and personnel requi rement s for turnaround 

and 1st line ma intenance. 

(d) To make recommendations on the facilit ies and equipment for turn -

a round and 1st line maintenance. 

1. 3 DISCUSSION 

Thi s report is based on a squadron strength of 12 aircraft . Of these , there 

are s ix in 1st line maintenance, operating at nine sorties per day. This is 

the peace time training program requirement and is derived from proposed 

specification AIR 7 - 4 issue 4 , which requires an aircraft utilization of 20 

hours per aircraft per month: 

1 



Squadron hours per month 

Assume effective flying days 

Squadron hours/day 

Average sortie 

Number of sorties per 
squadron per day 

= 

= 

= 

= 

12 aircraft x 20 = 240 hours 

20 

240 = 12 
20 

1 hour 

12 

Operat ional capabilities in excess of this will be achieved in wartime, but 

cannot be realistically estimated until some operating experience is gained. 

However, provision should be made for realizing the highest potential at all 

t imes . 

The report reviews the operational concept and outlines the main technical 

features of the ARROW 2 weapon system. This has been done in order to 

determine the type of hangar and equipment best suited for conducting turn -

arounds and 1st line maintenance. 

Recommendat ions are made for all the necessary facilities and equipment 

e xcept that required for hydrant refuelling. A preliminary study has been 

m a de i n this area with the intention of establishing the advantages of hydrant 

refuell ing {if any), and to outline the requirements for a preliminary cost 

est imate. 

The advantages of hydrant refuelling appear to be marginal in respect of 

actual pumping time, but this method of refuelling may be necessary in order 

to obtain a supply of cool fuel, if flights above Mach 1. 5 are contemplated. 



1 . 4 CONCLUSIONS AND RECOMMENDATIONS 

1. 4. 1 HANGARS 

(a) AIR 7 - 4 requires that for one squadron a hangar consist ing of four 

( ) 

separ ate bays is r equired in which turnarounds or 1st line maintenance 

can be performed . 

The turnaround facility is a new concept which requires new hangars . 

The separate b ays are necessary, as taxiing in and out i s an essential 

feature if the turnaround time is to be met . 

A hangar which meets the requirements is shown in Figure 18. The 

size has been dictated by the 1st line maintenance requirements whi ch 

include an a llowance of 30 feet fo r engine changing . An e c onomy in 

s ize could be effected by either performing eng ine changes with the 

hangar doo rs open , or transfer r ing this function to 2nd line servi cing . 

If t h i s i s cons i dered, then it would be feasible to adapt t he r eadiness 

typ e o f hanga r fo r erect i on as separate modules , wit h addit ional space 

bet ween them f o r equipment installat ion and storage . 

No information has b een released on the u ltimate arma ment t o be carr i ed 

b y t he ARROW . Any complication aris ing from handl ing armament ot he r 

than Spar r ow missiles should be considered before finalizing the hanga r 

des i gn . 

lt i s r ecommended that the turnaround hangar be zoned nea r t he r ead i ­

ness hangars t o isolate the noise nuisance fac t or and fo r convenie nce as 

a secondary r eadiness facility . 
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From the theoretical considerati ons of noise attenuation in chapter 7 . 3, 

it appears des i rable that the hangar should be 2000 feet from the main -

runway and 2000 feet from the 2nd line maintenance and administrat ive 

areas. 

{c} Heating in the combined turnaround and maintenance hangar should be 

at least 50°F . This will provide a comfortable working temper a ture 

and prevent freezing of the water supply lines for replenishing the air -

craft ' s wate r boiler. 

{d) Power requi rements for the equipment in the 4 - bay turnaround hanga r 

will amount to 1108 KVA , which includes an estimated 240 KVA for 

hydrant refue llin g pumps. 

(e} In v ie w of t he a i rcraft ' s h igh wing construction, unde r wing flamepro o f 

lighting i s recommended fo r maintenance work. 

1.4. 2 EQUIPMENT 

(a ) Static industr ial type equipment is recommended for use in t he turn -

around hangar for provid ing cooling a i r and a-c power to t he a i rc r aft . 

This can be obtained at a lowe r initial capital cost , is more econom i -

cal to maintain , and w ill re duce the quantity of expensive mobile 

equipment required . 

(b} The equipment for field use is entirely mobile and air transportable in 

a C 119 ai r craft . A demonstration is desirable to es t ablish the n umber 

of C 119 a i rcraft necessary to support a forward base de tachment . 

(c) No provis ion has been made in the turnaround hangars for handling 

weapons other t han by m eans of a complete weapon pack which has be e n 

serviced and loaded in the weapon stora ge and test facili t y . This w i ll 

4 
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meet the turnaround time and eliminate the risk involved in handling 

m issiles in the hangar . 

1. 4. 3 OTHER FACILITIES REQUIRED 

(a ) A weapon storage and test facility will be required . Th i s w ill include 

a missile test and assembly building, a missile fusing building and a 

weapon pack servicing and loading area . A preliminary report has 

been i ssued on thi s subject (AVRO LOG/10 5/36) . A fi nal report w ill 

be i ss ued a t a later date . 

(b) An engine and a i rcraft run - up w i ll be required to accommodate no i se 

s uppressors . This will be the subject of a separat e repor t. 

(c) Covered space will be required for storage and maintenance of ground 

equipment such as engine s tarting unit s , powe r and cooling air trucks, 

4000 ps i hydraulic rigs , n itrogen compre ssors , engine change e qu ip -

ment and access platforms . This requirement w i ll be rev iewed in the 

2nd line m ain t enance s tudy . 

(d ) A facili t y w ill b e require d for handling , storing and charg ing t he liquid 

oxygen convert ors . A building layout t o meet th i s requirement i s shown 

in Figure 2 1 . 

(e) Wat er soft ening equipment i s required at t he tu r narou nd hangar to 

purify t he wate r f o r use in the a ircraft's heat exch anger b oiler . T he 

water should be p urifie d and softened to cont a in not mo r e t han 5 part s 

per mill i on of scale - forming substances . Two s t age ionizat ion of the 

t ype commerc ially avai lable i s recommended. 

5 
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1. 4. 4 TIME STUDY - TURNAROUNDS AND PRlMAR Y INSPECTIONS -

AND PERSONNEL REQUIRED 

It appears from a theoretical time study of the turnaround functions that 14 

men will be required to complet an aircraft within 15 minutes, using the pro -

posed refuelling tender of 3200 gallon capacity, pumping at the initial rate 

of 250 gallons per minute,through each of two hoses. This time may be 

achieved in the proposed hangar irrespective of weather conditions. The 

time study i s illustrated in Figure 17. 

The number of men required to complete a primary inspection within three 

hours cannot be realistically established without a demonstration using RCAF 

skill levels under normal environment. However, it appears from a theore-

ti cal time stu dy that a team of 12 t radesmen plus 2 technicians occupying the 

cockpits will be necessary. This team can complete the airframe inspection 

in approximately 1 hour 5 minutes, and the ASTRA 1 inspection in about 2 

hours 40 minutes. It should be noted that these figures are preliminary only, 

and subject to confi rmation by a Personnel Requirements Data Study now being 

made at A VRO. 

The number of teams necessary to perform primary inspections will be 

r elated to the frequency of these inspections. It is understo od t hat in the 

init ial stages,the period between inspections will be 24 hours. 

1. 4. 5 FUEL TEMPERATURES 

If Mach 2 flight missions are contemplated, it will be necessary to establish 

the fuel temperatures attainable in the fuel tanks while the aircraft is stand -

ing in the open and in hangars in tropical summers. It will also b e necessary 
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t o establish refuelling tender and hydrant delivery temperatures under 

c i rcumstances to determine if hangar and tender cooling is necessary . A 

method of keeping the fuel cool by covering the aircraft wings with insulat ­

ing material , while on the ground , should also be investigated. 

1. 4 . 6 MISCELLANEOUS RECOMMENDATIONS 

(a) A suitably adapted vehicle is recommended for use in collecting drag 

chutes from a central parachute packing facility, and delivering them 

to the turnaround hangar. A requirement of 25 drag chutes per day 

for two squadrons is envisaged. Radio contact with the control tower 

would enable this vehicle to retrieve drag chutes rele ased on the run -

(b) 

way . 

Special work platforms, to be placed around the nose of the aircraft , 

will be requ i red for 1st and Znd line servicing. These will be mobile, 

of light structure, and house the AST RA I portable test equipment , 

plus a ho i st for radome and radar removal. 

(c) The "UNITOW" D-8 tractor is suitable for towing the ARROW at t he 

flight line , b ut it is recommended that each base be e qu ippe d w ith 

some tracto rs of 10 , 000 lb draw-b~tr pull for winter use. 

(d ) The tracto r for towing the weapon pack hoist trolley sho uld not e xceed 

five feet in he ight . This will permit the tractor to pass under t h e fuse ­

lage when towing a trolley into position for unloading . 
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2 . 0 INTRODUCTION 

2 . 1 AUTHORITY FOR STUDY 

RCAF lette r AMC 1038 CN - 100 (Act 2 - 1) dated 27 Septembe r 19 55,detailed 

ce r tain eng ineer ing s t udies to be prepared by AVRO to ensure that the RCAF 

would be adequat ely prepared to support and maintain ARROW ai r craft in the 

fi e ld. 

RCAF le t te r Sl038 - 105- ll (ACE - 1) dated 4 October 19 5 .5 , fr om TSD ' s/ 

A . V. Roe Canada L imited to AVRO set out i n detail AVRO ' s deve lopment 

respons ibilit y regarding ARROW ground support equipment. Lis t 2 , appended 

t o t hat letter , called up specific engineering studies t o cover t he accommo ­

dation p r ocedur es and equipment needed for the ARROW 2 a i rcraft fo r 1st 

lin e ma in t enance and fo r t urnaro unds. 

2. 2 SCOPE OF STUDY 

In a ccordance w ith the RCAF reques t for eng ineer ing studies of facilities fo r 

t h e ARROW 2 Weapon System , the scope of thi s report i s : 

( 1) To revi ew t he opera tional concept. 

(2 ) To outl in e t he e ng inee ring aspects of t he ARROW 2 weapon sys t em 

whic h w ill influe nce t he equipment , p r ocedur es a nd accommoda tion 

re q u i r ed for turnarounds and 1st line maintenance . 

(3 ) T o r eview the 1st line g r ound suppo rt equipment r equire ments. 

(4) To out line the p r o c edures, eq u ipment and p er sonne l re qui r ed fo r : 

(a) 

(b) 

T urna r ounds 

1 s t lin e maintenance 

(5) To outline t he 1 s t line maint enance h a ngar requ i r ements . 



SECRET 

(6) To recommend accommodation, equipment and procedures to be 

adopted to discharge the 1st line maintenance requi rements rapidly 

and efficient! y . 
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3. 0 THE OPERATIONAL CONCEPT 

This review of the operational concept is based on proposed Specification 

AIR 7 - 4 Issue 4 , as amended by RCAF letter S36-38-105 (APO) of 17 

Feb. 1958 in respect of squadron strength and turnaround time . Although 

the specification is not yet officially amended or accepted contractually, it 

is taken to represent current RCAF requirements. 

The p e rtinent points which relate to turnaround and 1st line maintenance are 

as follows: 

AIR 7-4 · Issue 4, Para. 3 . 1. 1 

Object 

"The object in the operation of the ARROW weapon system in time of war will 

be the attainment of the highest possible operational potential at all times . 

In time of peace the operation of the weapon system will be concerned pr im -

arily with atta ining and maintaining a high degree of proficiency in the all 

weather role. It w ill consist of a limited operational program superimposed 

on a training prog r am . 

The object of the operational sorties will be considered as tra ining. The main 

penalty will be that they cannot be scheduled . The object is to have a s atis -

factory potential available at all times and associate contractors are to keep 

these factors i n mind throughout the development of their design." 

AlR 7 - 4 Issue 4, Para . 3.1.2 

Battle State 

11 The concept i s ba sed on one or more squadrons of 12 operat ional aircraft, 

each, at a prepared all weather base . With 50% of the a ir craft undergoing 

10 
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m inor maintenance, each squadron will be required to maintain two aircraft 

a t t he state of readiness or standby at all times and as many of the remainder 

as possible in a state that can be changed to available within three hours . " 

AIR 7 - 4 lssue 4, Para . 3. 1. 3 

Forward Base 

" I n exceptional c i rcumstances, the squadron may be required to operate from 

a forward base to which the aircraft will be flown in a fully operational state . 

They will be serviced and brought up to available or readiness on arrival , 

but normally will return to the main base when scrambled. Should they be 

required to land back at the forward base, only sufficient facility to prepare 

them for return to ma in base is required. This is a detached operation which 

t he main base must be capable of supporting up to a maximum of 50% of unit 

es t ablishment . lndiv idual a i rcraft will not normally remain on the forward 

b ase longer t han t he t ime between primary inspections . The servicing equip ­

ment requi red to prepare a i rcraft at a forward base for return t o the -main 

base must be a i r t ransportable , with tra ined personnel t o ca r ry out the oper ­

ation, in a C 119 or s imilar transport airplane . 11 

AIR 7 - 4 Issue 4 , Para . 3. 1. 4 

B u ilding Facil i t ies 

" For each squadron, t he airfield shall include the follow ing structures : 

{a ) Hangar ( s ) to house two aircraft at readiness or standby. 

(b ) Hangar{s) to ho use four aircraft undergoing ' turnaround1 or fi r st line 

maintenance. 

( c) Hangars to house six aircraft undergoing second or th i rd line ma inten -

ance . 
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(d) A missile preparation and storage facility . 

(e) An engine run - up structure capable of housing one aircraft . 

f) An engine run-up structure capable of housing one engine . 

NOTE : It is noted that a building for liquid oxygen storage and convertor 

charging has been omitted from AIR 7 - 4 . 

AIR 7 - 4 Issue 4 , Para . 3. 2 

T ime Limits 

3 . 2 . 1 TURNAROUNDS 

The m aintenance organization of the weapons system shall be able to receive 

a nd turnaround operat ional aircraft at a rate of 4 every 15 minutes, provided 

t he a i rcraft involved have no major unserviceabilities. The aircraft and 

ground support equipment shall be des igned to meet this requ i rement , due 

re gard be ing given to the reliability and mainta inability of the aircraft and 

ground support equipment . 11 

NOTE : lt should be noted that the ARROW 2 has been designed with the 

original RCAF concept of a five minute turnaround in mind . To 

meet the wartime objective of the highest possible operational 

potent ial at all times, it is recommended that this minimum turn­

around t ime be fully utilized, by providing hangars and ground 

support equipment of equal capability. 

AIR 7-4 lssue 4, Para . 3. 2 . 3 

R e placement 

"An aircraft scrambled from or becomi~g unserviceable in a readiness hangar 

is to be replaced by a serv iceable a i rcraft,or returned to the readiness state 

in a maximum of 15 m inutes 11 

12 
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Utilization Para . 3. 2 . 4 

" The a i rcraft together with the support of the ground support equipment and 

t he RCAF shall be capable of a utilization of not less than 20 hours per 

mont h . 11 

A IR 7 - 4 Issue 4, Para. 2 . 1. 4 

11 1st line ma intenance is defined as the series of maintenance operations which 

w ill be carried out on the aircraft that can be raised to the available state 

w ith in three hours . These operations will consist of: 

(a) Pr imary inspections . 

(b) Fault isolat ion . 

(c) 

( d) 

(e) 

Fault rectifi cation . 

Spe cial inspect ions . 

A lignment of relevant systems. 11 

AIR 7 - 4 Issue 4 , Pa r a . 2 . 2 . 5 

" T urnaround is de fined as a s e r ies of maint enance operations which w ill b e 

done on t he a i rcraft that land -in at least a near service able state , and shall 

in clu d e the replenishment of all consumable s t ores, ( including missiles ) and 

m ino r r ect i fication to e nab le the aircraft to perform the combat mis sion. 11 

13 
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4. REVIEW OF ARROW Z MAIN TECHNICAL FEATURES 

4. 1 AIRFRAME 

4. 1. 1 GENERAL 

The ARROW Z is a twin-engine, all weather, supersonic interceptor, armed 

with four Sparrow ZD air - to -air guided missiles and powered by two Orenda 

"Iroquois" engines with afterburners. The general arrangement of the air­

craft is shown in Figure 1, and leading particulars are : 

Wing span 

Length 

He ight 

Ma in landing gear 

Wheel base 

Weight - bas i c 

- normal take - off 

- maximum take -off 

- maxim um for jacking 

Tire pressures 

- ma in 

- nose 

50 ft O in. 

83 ft 9 in. 

Z 1 ft 3 in . 

Z 5 ft 8 in. 

3 0 ft 1 in. 

43,000lb . 

60,000 lb . 

68,000 lb . 

55,000lb. 

Z60 psig 

170 psig 

4. 1. Z TURNAROUND 

The a irframe maintenance functions which must be ac c omplished during turn­

around cons ist of the following : 

{a) 

{b} 

Inspect visually for structural damage. or distortion . 

Check that all access do o rs and panels are secure . 

(c} Check for signs of leaks from hydraulic , fuel , and lubr i cat ing oil 

systems. 
14 
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14' 6" 
APPROX . 

i-------------------83' 9"---------------------1 

MAX. WEIGHT 68,000 LBS. 
NORMAL WEIGHT 60,000 LBS. 
MAX. LANDING 

WEIGHT 55,000 LBS. 

I 

,.._----25' 8"-----i 
i-------- - ---50' 0"-----------

FIG. I LEADING DIMENSIONS 

TIRE PRESSURES 

MAIN . 260 P. S. l. g 
NOSE 170 P. S. l.g 
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( d) Inspect wheels, brakes and tires . 

(e ) Inspect the cockpits and clean the windshields. 

(f) Replace the dragchute . This is stowed in a compartment in the top 

of the fuselage between the two jet pipe fairings as shown in Figure 2. 

A new dragchute can be installed by two men in approximately five 

minutes, when the control lever·in the pilot's cockpit has been reset. 

Access to the dragchute compartment will require a workstand approxi ~ 

mately _7 'ft. - 6 in high. Asbestos mats will be required to protect 

the upper surface of the airframe, while the dragchute is being installed. 

The dragchute attachment fittings are approximately 8 ft. - 6 in above 

the ground and about 4 ft ahead of the jet pipe fairings trailing edge . 

4 . 1 . 3 1 st LINE MAINTENANCE 

It i s ant icipated that 1 st line maintenance work on the airframe will consist 

mainly o f t he follow ing functions : 

(a) Pre - flight, turnaround, post - fl i ght and pr imary inspections. 

(b) Washing and cleaning t he aircraft. 

{c) Functional tests of all sub-systems . 

(d ) Minor repairs, including fault analysis and replacement of components 

when the work i s not likely to require more than three hours for corn ~ 

pletion. 

The first line maintenance work will therefore require suitable workstands, 

platforms, jacks and test rigs , and the hangars must have adequate space 

for storing t h i s equipment when it is not in use. The GSE 1 s requi red for 

1st line ma intenance i s shown in Figure 3 . 

17 
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ITEM DESCRIPTION 
AVRO 

REFERENCE NO. REMARKS 

1 STAND - SH O RT TERM STO RAGE 
LIQUID - OXYGEN CONVERTER 

-~ -

2 TRAI LER RADOME 208 

3 TRAILER HOIST. OVERLOAD FUEL TANK 167 

~ 
4 JACK - WING & NOSE FUSELAG E 128 

LJ 
-- -

5 STAND - RADAR MAIN TENANCE 250 TOTA L HT. 17' 

6 TRAILER ELECTRON IC SPARES 106 

-

7 RIG- HYDRAULI C SUPPLY 246 
TO FUNCTION RADAR 

ANTENNA FOR TEST 
- ,-

8 STAIRS . COCKPIT ENTRY 107 

f---- - I- ~ 

9 COMPRESSOR 103A 

10 STAND - TEST - HYDRAULIC SYSTEM 168 

11 TRACTOR - TOWING 189 10 ' TURN ING RAD 
~ 

12 MAINTENANCE PLATFORM 146 
RCAF DWG . 43078 

D - ADJUST ABLE 
-

~ 24 

~,i) ~ G~ 
~ 

13 MAINTENANCE PLATFORM 147 
RCAF . D WG . 43042 

ADJUSTA BLE 

14 ST AND - FUS ELA GE MAINTENANCE 187 

-- -
15 HOIST - MISSILE PACK 112 FU LLY CASTORING WHEELS 

16 MAINTENANCE PLATFORM 148 HEIGHT RANGE - 13 ' TO20 ' 

17 STAND - ENGINE MAINTENANCE 134 MK . 2 

-

17A STOWAG E SPACE 

18 MOBILE GANTRY - ENGINE 190 
--

19 TRA IL ER - ENGINE 138 MK . 2 

-

17 

f1 
. I 

I i ,,, 

20 TRAILER -OIL DISPENSING 143 20 GALL. CAPACITY 

21 MAIN TENANCE PLATF O RM 146 DRAG CHUTE REP LACEMENT 

~- - --~ 

22 A IR CONDITION ING EQUI PMENT STATIC EQUIPMENT 

j 23 GENERATORS ., 

24 ENGINE START ER S .. 
-

25 SPARE ENGINES 

OF GROUND SUPPORT EQUIPMENT FOR 1st. LINE MAINTENANCE 
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4 . 2 ENGINES 

4 . 2 . 1 GENERAL 

The ARROW 2 aircraft is fitted with two Orenda Iroquois engines, each 

c apable of delivering 18,400 lb . thrust without afterburner, and 25 , 000 lb , 

w ith aft erburne r , under sea level static conditions . In addition , each engine 

d r iv es a 40 KVA oil ~coo led generator through a constant speed drive unit, 

a nd hydr aulic and f uel pumps through an aircraft ac c essori es gear box . 

Sepa r ate l ubricating systems are installed fo r each generator and its d rive 

un it, and each a ircraft ac c essories gear box . All of these systems use oil 

t o Spec ifica tion MIL - L-7808, Grade 1010 , so that only one lubricat ing oil 

d ispenser i s requi r ed for se r vicing the aircraft. 

The eng ines are mounted ins ide the rear fuselage, and ar e installed and 

remov ed f r om t he rea r of the aircraft, using a spe cial stand as shown in 

F i gur e 4 . W ith t he eng ines installed , the oil level cannot be measur e d 

d i rectly. The oil t anks are fill ed after each fl i ght , throu gh combined fill / 

o v e r flow valves so t hat an adequate supply of oil i s assured , and the oil 

c onsumption can b e ascerta ined . The filling and overflow conne c tions w il l 

b e a ccess ible thro ugh se r v i ce doors in t he fu selage . 

An oxygen syst em is installed on the Iroquo i s eng ine to ass ist comb u s tion 

dur in g r elight s at high alt it ude . Th e supply is sto red in gaseous fo r m in a 

bottle cha r ged to 1800 ps i and is adequate for approximately 20 relights . 

The bot tle wo uld not normally be checked dur ing t u r nar ound . When it i s 

necessa r y to repleni sh t he syst em, the u sed bottle is remove d and re plac e d 

b y a full one . The u sed bot tle i s then r echar ged, away from t he a ircra ft. 

2 0 
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The engines are started by air turbine systems . This method of starting was 

s elected because of its reliability and low installed weight. As outlined in 

AVRO report LOG/105/9, "ARROW 2 Readiness Facility", (May 1957) these 

start ers require a supply of hot, medium pressure air, as detailed below in, 

order to meet the scramble requirements: 

Alt itude Sea Level 

-65°F 

Sea Level 

t59°F 

Sea Level 

tl00°F Ambient Temperature 

Flow (lb/min/engine 145 (minimum) 112 (minimum) 101 (minimum) 

P re s sure (ps i absolute 

Temperature 

60 (minimum) 50 

240 to 500°F . 360 to 500°F 

47 

390 to 500°F 

It i s recommended that gas turbine compressors be used to supply the air 

for engine start ing, and that provision be made in the turnaround hangars 

for ducting the a ir under t he floor to the aircraft location . Access to the 

starting air couplings on the ARROW 2 i s shown in Figure 5 . 

4 . 2 . 2 TURNAROUND 

D ur ing t urnaround, t he following ma intenance operations w ill be required on 

t he Iroquo is engines : 

(1 ) During shut-down , observe that both engines run down smoothly w ith in 

the specified time limit . 

(2) Repleni sh engine oil supplies . The gear box and generat or drive sys -

terns will not r equire checking during turnaround. 

(3) Inspect for s igns of fuel, oil and hydraulic fluid leaks , and damage to 

the jet pip e, nozzles and turbines. 

(4 ) Conne ct hoses from the starting air supplies . 

21 



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°F±5° 

PRESSURE-4.5 P.S.I. GAUGE 

• • • • 

FIG. 5 ARROW 2 GROUND SUPPORT S 



• • • 

~ 

2) 

• 

3. ELECTRICAL A. C. SUPPLY 

LOAD AT " STANDBY " - 30 K.V A ., .75 PF 

FREQUENCY-400 C.P.S. ± 1% 

VOLTAGE- 11 5/ 200 AC AT AIRCRAFT BUS 

G. 5 ARROW 2 GROUND SUPPORT SERVICES 

.•,•.·.•.·.•,.•. ,•,•.•.•,•. .v.• 

C, " .., "' 

4 . ENGINE STARTING AIR (2) 

FLOW-11 2 LB./MIN PER ENGINE (NOMINAL) 

PRESSURE-50 P. S. L ABSOLUTE (MINIMUM) 

TEMPERATURE-360 TO 500°F 

SECRET 

.::, 
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4. 2. 3 1st LINE MAINTENANCE 

1st line maintenance work on the engine installation will include primary 

inspections, replacement of oxygen bottles, cheeking and replenishing the oil 

supply for the gear box and generator drive systems, and also removal and 

ins tallat ion of the engines. Engine installation and removal is discussed fully 

in Avro Aircraft report LOG/105/43, "CF - 105 Power Plant Ground Support 

Eq uipment" (October 1956) . The engine must be moved aft 19 ft - 6 . 2 in• 

on an engine change stand before it can be lifted clear of the airframe and 

placed on a transpo rtat ion dolly . As shown in Figure 6 space should be avail ­

able in the 1st line maintenace hangars for engine installation and removal , 

and for stor ing the engine installation stands when they are not in use. 

A mobile gantry is being des i gned by AVRO for lifting the engine off the 

engine change s tand to the transportation dolly when an overhead crane i s not 

available . The estimated weight of the power plant is 4,916 l b ., and an over ­

hea d crane system of 6 , 000 lb . capacity is recommended for main base u se , 

wherever ins t a llation is poss ible. 

The alternat ive equipment for engine changing utilizes the engine transporta ­

tion stand as part of t he engine installation equipment . The transportat ion 

s t and i s manufactured by the Air Logistics Corporation, and is descr ibed 

fully in AVRO report LOG/10 5/43 "CF - 105 - Power Plant Ground Support 

Equipment". While the overall length of t his e quipment is not as great as 

the AVRO engine changing equipment , equivalent space i s r equired at the 

rear of the ai r craft in order t o manoeuvre the transport ation trolley (Se e 

Figure 6) . 
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(Al REFUEL ADAPTOR ON THE AIRCRAFT 

l 

1)0 NOT ,\Pl>L Y 
r<mc t: cm[,,n: H 
TU,\N 25 LB ,\T 

(B) REFUEL CONNECTOR ON THE TENDER 

GI 

(C) REFUEL SELECTOR. PANEL 

AIR CONDITIONING COMPARTMENT 
AT STATION 297 IN 

A 

(D) MAIN REFUEL CONTROL PANE 

FIG. 9 CONNECTIONS FOR FUELING /J 



, CONDITIONING COMPARTMENT 

AT STATION 297 IN 

I 
FORWARD 

I 

i~/c~~ 

~J 

(D) MAIN REFUEL CONTROL PANEL 

SECRET 

( E) FUEL TANK VENTS 
,A-=-,,.....,. 

FUEL TANK VENT OUTLET 

FILTER 

ADAPTOR FOR 
FUEL TANK 

VENT OUTLET 

/ 
FLEXIBLE 

2' 1/Dl 

/ RELIEF VALVE 

(@ ____ FLAME TRAP 

TWO STUDS, SECURED 
TO ADAPTOR 

ENGAGE KEYWAYS 
IN VENT OUTLET 

FLANGE 

HOSE TO QUANTITY -
HANGAR OUTLET 2 OFF PER AIRCRAFT 

(F) PROPOSAL FOR COUPLING 

NOT AVAILABLE 

(G) CONNECTION FOR AIR SUPPLY FOR DEFUELING 

FIG. 9 CONNECTIONS FOR FUELING AND DEFUELING 
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u 
be ext inguished, and illuminate again if all the fuel level sensing valves 

and shut - off valves are operating satisfactor ily. 

(f) Sele c t the refuel sw itches to the ON pos ition. 

(g} When refuelling has been completed , select the refuel switches OFF , 

remove the refuelling nozzles, replace t he dust covers on the refuelling 

adaptors , and close all access panels . 

During refuelling , a i r and fuel vapour from the tanks w ill be ducted through 

t he tank pressur izatio n system and overboard through two ports on the bottom 

of the fuselage as shown in Figure 9 . In order to permit aircraft refuelli ng 

ins ide a hangar , t hese ports have been designed so that exhaust ducts may be 

attached t o the a i rc raft. The fumes would then be d ucted outs ide the hangar 

by exhaust fans. 

4. 3. 3 DEFUELLING 

Aircraft defu elling w ill be required when any of the following fi rst line ma in -

t ena nce work i s performed . 

( 1) Eng ine removal a nd insta llation, landing gear retract ion tests , fire 

c ontrol and navigation equipment alignment , etc. of all of which require 

j a cking the aircraft. The we i ght m u st not exceed .55 , 000 lb . when lift -

ing the a i rcraft at the w ing and fuselage j a cking po int s . 

(2 ) Tasks which requ ire access to fuel system co mponents moun t ed w ithin 

the fue l tanks . 

(3) Off - loading fuel for t rain ing or te st fl ights. 

The fuel is remove d through t he two defue lling po ints by either of two methods · 



(a) 

(b) 

Using an external air supply and refuelling tender suction. 

By refuelling tender suction along without an air supply. 

The former method is recommended for general use1as this requires less 

suction from the defuelling pumps, and air must be available for fuel trans­

fer t ests. 

Method (a) Using an external air supply and tender suction 

(a) Ground the aircraft. 

(b) Switch master refuel switch to OFF AND DEFUEL 

(c) Pressurize the fuel system. Allow 30 seconds for the tank pressure to 

build up. Provision has been made for supplying air through a ground 

connection at station 297 in the air conditioning equipment bay. A two 

inch diameter flexible pipe terminating in a Janitrol coupling (part 

number A40C60) is required. The ground connection is illustrated in 

AVRO drawing No. 7-2254-15677. 

(d) Start the defuelling pumps. The nozzle suction should not exceed 1. 0 

psig to ensure that the collector tanks are not emptied first . If the 

collector tanks are emptied first, air will be admitted and will prevent 

further defuelling. 

(e) The defuelling rate will depend on the amount of fuel in the fuel tanks. 

(f) 

(g) 

If the tanks are full, the rate will be high and if most of the tanks are 

empty the rate will be as low as 32 IGPM. 

When the defuelling rate falls below 20 IGPM, with nozzle suction 1. 0 

psig, it may be assumed that the transfer tanks are empty. 

The collector tanks are then defuelled with the air supply shut off, 



-

With an air supply of 25 psia the defuelling characteristics are as follows: 

ARROW 2 - DEFUELLING WITH AIR PRESSURE AND TENDER SUCTION 

(a) 

(b} 

Defuel ConcUpon 
Defuel Rate 

Per Sub-System 
IGPM 

All transfer tanks full 20 
and defuelling to ~ 40 
gether (1100 gallons 60 
per sub - system} 80 

100 
117 

Collector tank, 10 
altitudes below 15 
8000 ft. 20 
(146 gallons per 40 
sub - system). 

Nozzle Pres­
sure Required 

PSIG 

2.7 
2.2 
1. 6 

. 9 

. 1 
1.0 

. 7 

- 1.0 

- 1. 5 
- 5.5 

Air Supply 
Req'd Per A/C 

at 25 psia. 

3. 3 lbs/min 
4. 4 lbs/min 
5. 4 lbs/min 
6 . 5 lbs/min 
6. 9 lbs/min 
8. 5 lbs/min 

No air required 
Air shut off 

Method (b} Using tender or hydrant suction only, with no air supply 

(a) Disconnect the air release line at the air ejector, and blank the line. 

(b} Wit h the master switch in the OFF AND DEFUEL pos ition, defuel the 

tributary tanks by applying suction at the nozzle. When the flow 

ceases, remove and blank the air release line and defuel the collector 

tanks. No nozzle pressure restrictions need be observed. 

(c} Disconnect the release line. 

The defuell ing characteristics are shown in the following table : 
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ARROW 2 - DEFUELLING WITH TENDER SUCTION ONLY 

Defuel Rate Nozzle Pres -
Defuel Condition Per Sub-System sure Required . 

IGPM PSIG 

(a) All transfer 20 - 1. 6 Air release line 
tanks full and 40 - 1. 7 from collector 
defuelling to - 60 - 2.0 tank has to be 
gether (1100 80 - 3.4 disconnected and 
ga-llons per sub - 100 - 6.0 blanked,or flame 
system) 120 - 8.0 trap to be sealed 

140 -10. 5 off . 

(b) Collector tank (146 10 - 0 . 7 
gallons per sub- 15 - 1.0 
system). 20 - 1. 5 

30 - 3.2 
40 - 5.5 

4 . 3 .4 PRESSURIZATION AND FUEL TRANSFER TESTS 

The defuelling air ground connection is also used for supplying air for fuel 

t ank pressurization and fuel transfer tests, for which the following air supply 

is necessary: 

Pressur e 

Flow: 

Temptrature 

50 - 60 psia 

85 psia 

desirable 

maximum 

9 lbs/min at 50 psia 

11, 2 lbs/min at 60 psia 

Not to exceed 350°F (max). 

The variation in flow at different pressure is due to increased spillage through 

an a i r ejector used in the system. 



The defuelling may also be conducted using 50-60 psi a air pressure, but an 

increased air flow will be required as follows: 

AIR SUPPLY FOR DEFUELLING , USING 50 - 60 psia 

Pressure 

at 50 psia 
at 60 psia 

4 . 3.5 AIR SUPPLY 

Flow 

10 lbs / min. 
10. 6 lbs / min. 

The air supply for fuel system pre ssurization , transfer t e sts and defuelling 

may be obta in e d from the main hangar supply or from a mobile r i g. The a i r 

s upply r e quired will be 12 lbs / min. at 60 psia with tempe r ature not to exc ee d 

350°F . 

The r e i s no suitabl e mobile r ig in use with the RCAF at pre sent b ut the 

Iroquo i s eng ine start in g un it is c apable of m eet ing the pre ssure and flow 

req uire m e nts . Thi s un it, howeve r, delive r s a i r at t e mperatue s up to 500 ° F 

d e pending o n amb ient conditions, and a heat e xchanger w ill b e nec e ssar y to 

reduce t his t e mpe r ature to below t h e max imum of 3 5 0 ° F , acceptable fo r f ue l 

tank t e s t s . A small portable air-to-air h e at e xchanger is at pre sent b ein g 

d e s i gne d for this purpose b y AVRO. 

4. 3. 6 1st LINE MAINTENANCE 

1st line ma in t enance on the fu e l system will cons i s t of visual checks for leaks 

a nd for venting from the tank v e nt system at the flame trap out l et s . In add i -

tion , functi onin g che cks on the low pressure co c ks , cross fe e d c o c ks and low 



u 
pres s ure warning lights will be required. No routine engine run will be 

made during primary inspections . However, an engine run will be necessary 

t o completely function the fuel system after rectification of defects. 

T e st sets will be provided to check the functioning and serviceability of the 

fu el contents gauges and fuel system centre of gravity control sequence units. 

The latter equipment is still in the design stage. 

4. 4 HYDRAULIC SYSTEM 

4 . 4. 1 GENERAL 

The ARROW Z i s equipped with three separate 4000 psi hydraulic systems : 

(a ) Utility services hydraulic system 

(b ) Flying controls hydraulic system A 

(c) Fly ing controls hydraulic system B . 

The fly ing controls hydraulic system is duplicated, and identified A and B . 

The ut ility system operates the armament system, speed brakes, landing 

ge ar , wheel brakes and nose wheel steering sub - system. Each system u ses 

h y draulic fluid to Specific ation MIL - O-5606 and is powered by two pumps , 

one driven from each engine through an aircraft accessories gear box . Each 

p ump delivers 20 US GPM of fluid at 4000 psi , and accumulat o r s are fi tted 

to reduce pressure fluc tuations , and to permit lowering of the landing gear , 

a nd braking under emergency conditions. A hydraulically pressurized com ­

pensator is installed in the r eturn side of each system to provide reserve 

fl uid , and to pressurize the pump inlets. In addition , a 1000 ps i sub - system 

i s used to operate the radar antenna drive. This is powered from one of t he 

4 000 psi fly ing control systems. The 4000 psi hydraulic systems may be 
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ASTRA I - HYDRAULIC ► 
GROUND CONNECTIONS 

IN NOSE WHEEL WELL 

STATION 572 ► 
GROUND CHARGING CONNECTIONS 

UTILITY HYDRAULICS 
LOWER FUSELAGE 

FIG.10 HYDRAULIC SERVICE COUPLINGS 

STATION 644 
FLYING CONTROL HYDRAULICS 

LOWER FUSELAGE 
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operated on the ground by supplying fluid from a ground rig through self ­

sealing, quick- d is connect couplings as shown in Figure 10. A hydraulic test 

r i g for this purpose has been designed to AVROCAN Specification E -466. 

This rig is capable of s upplying a flow of 40 US GPM at 4000 psi to one a ir­

craft system or 20 US GPM at 4000 psi to both flying control systems simult ­

ane ously. Fluid may be added to the systems through the return line coup ­

lings. The radar antenna d rive system may be operated on the ground either 

by energizing t he 4000 psi flying control system or directly from a 1000 psi 

external supply . 

4. 4 . 2 TURNAROUND 

Normally, the hydraulic systems will not require inspection or s ervicing 

dur ing turnaround. 

4. 4. 3 1s t LINE MAINTENANCE 

F i rst line maintenance on the hydraulic systems will consist of the following: 

a ) Checking and adjusting compensator fluid levels. 

{b) Checking and adjusting accumulator pressures. 

{c) Filling and bleeding the systems. 

( d ) Systems funct ional tests. 

The acces s po ints for these servicing functions are shown in F igure 10 , and 

the fo llowing suppo rt equipment is required : 

(1) Hydraulic test rig - 40 US GPM at 4000 ps i. 

(2) Hydraulic t est rig - 9 US GPM at 1000 ps i. 

(3) Hydraulic fluid d ispenser with five mic ron filtration . 

(4) 500 0 psi nitrogen supply for charging accumulators. 
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4. 5 OXYGEN SYSTEM 

Two oxygen supply systems for crew breathing are installed on the aircraft, 

one for normal use and one for emergency use. For the normal supply liquid 

oxygen is carried i n a 5 . 0 litre converter and is converted to gaseous oxygen 

a t 70 psi . From the converter, the oxygen flows to a pressure regulator on 

each eject ion seat and thence to the crew ' s oxygen masks and partial pres­

sure suits. The supply is adequate for the aircraft's longest ferry mission 

or for thre e high-speed combat missions (1-1/2 hours), provided that no 

- more than 24 hours have elapsed since the converter was filled. The con­

verter weighs 23. 5 lb . when filled and is mounted on a tray in the dorsal 

fa i r ing immediately behind the rear cockpit . Access to the converter is 

ga ined through a doo r in the fa i ring and all connections are of the quick-

d i sconnect type , so that a converter can be replaced in approximately 3 

m in utes . The installa t ion is shown in Figure 11. 

In the emergency oxygen system,gaseous oxygen is stored at 1800 psi in a 50 

cubi c inch capacity cylinder mounted on each ejection seat. The supply is 

a dequate for 20 m inutes of crew breathing . 

4 . 5. 1 TURNAROUNDS 

Replenishment is made at turnarounds by removing the convertor and replac -

ing it with a full one . 

No servi cing is required in the emergency oxygen system other than a vi sual 

check of the contents gauge . 

4. 5. 2 1st LINE MAINTENANCE 

This w ill cons ist of a v i sual inspection and functional check o f the oxyge n 

reg ulator and convertor quantity indicator. 





4 . 6 THE PNEUMATIC SYSTEMS 

Two basic pneumatic systems ar e used in the ARROW 2 ; a high pressure 

storage s y s t em and a low pressure system. 

4 . 6 . 1 THE HIGH PRESSURE SYSTEM 

P owe r fo r l a nd ing g e a r emergency operat ion is obtained from a 5 000 psi 

n itrog en s t o ra g e bottle mounte d in the fuselag e below the a i r condit ioning 

e q u ipme nt bay. A p r e s s ur e gauge and char ging point ar e located i n the nos e 

w h e e l we ll. N itro ge n i s u sed t o eli m inate the poss ib ility of a diesel explos ion 

w hen t h e h i gh p r e s s u r e gas co m e s into conta ct w ith the h ydraulic o i l in t he 

lan d in g ge a r a ctuat o r. 

A i r or n i t r o ge n , s t o re d at 3000 ps i i s used fo r transfe r r in g fuel f rom t h e 

ov erl oad t ank to t h e m a in t anks . Thi s w ill o n ly be r equ i r e d for ferr y m iss ions . 

A m obile c ompresso r m a nufact u r ed to AVROCAN Specifi cat ion E -333 will 

provide e ith er c ompres sed n it r o gen o r a ir t o repleni sh t h e se s torage sy s -

te m s . 

4 . 6 . 2 THE LOW PRESSURE SYSTEM 

T he l ow pre ss u r e s y s te m i s s ub- d ivided into t hre e sub - s y s t ems : 

(a) F uel t a n k p re ss u r izat ion syst e m 

(b ) Equipme n t press u riz a tion system 

( c ) The p itot- s tatic s y s t em . 

4. 6. 2. 1 F ue l T ank P res s u r ization 

T he fue l t ank p res s u r ization s y s te m draw s a i r at 65 ps ia fr om t h e a i r con ­

d ition in g sys t em t o pr es s u r ize t h e fus e l a g e t anks to 22 1/ 2 ps ia and the w in g 

t a n ks t o 19 p sia
1
t o p reve nt b o ilin g and to effe ct transfer of fuel. 



4 . 6 . 2 . 2 Equipment Pressur ization 

The equipment pressur ization system draws its air from the water evapor­

ator in the air conditioning system at 65 psia. The air passes through a 200 

mesh screen and water trap wh ich may be drained period ically . This a i r is 

used t o pressurize the cockp it canopy seals at 20 psig {with relief valve set ­

tin g at 2 5 p s i g) , t he armament pack seals at 20 psig , the crew members 

a nti - g suit at up to 10 ps ig and the electronic system wave gui des . 

4 . 6. 2 . 3 The P itot - static System 

A b oo m moun t ed on the nose , and a p r obe mounted on the fin s e ns e ambient 

pres s ure conditions for operating flight instruments and cabin pre ss u re con ­

trol v alves. 

T urna rounds 

No m a in t ena nce i s requ ire d a t turnarounds ot her t han a visual check of t he 

pre ssure gauge s on t he emergency n it roge n high pressure bottle , and a v i sual 

che c k of t he nose b o om a nd fin p robes. 

F i rst L ine Ma intenance 

Th is w ill c ons ist of a vi s ual che c k as at turnar ounds , plus a l eak test of t h e 

p it ot - s t at i c system. 

Sat i s f actory operation o f t he canopy seal a nd crew s ant i - g s uit w i ll be apparent 

to t he aircrew and no m a i n t enance is requi red u nle ss an unserviceabl e rep ort 

i s receive d . Should a cockp it p ressur izat ion system che c k be n ecessary, a 

t est ri g will be re q u i red . Th is sho uld be capable of supplyin g 20 ps i.g for 

canopy seal inflat ion , and at l east 5 0 CFM at 6 ps i g t o cove r co c kpit p re ssure 

regulation a nd relief valve tests . 
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A Godfrey cab in pressure test rig Type IF /CAN (RCAF 4G/2374) or Type 

IE /CAN (RCAF 4G/181 5) should be suitable for this purpose. The Type 

4G / 2374 i s b eing evaluated on the ARROW 1. 

4 . 7 ANTI - lClNG AND DE - lClNG 

4. 7 . 1 ANT I- ICING 

Ant i- icing prot ection i s provided as follows : 

(a) Ele c t r o -thermal panels for the canopy windows 

(b) Elect r o -th ermal elements for air data sensing heads . 

c ) Hot a i r bleed fo r the struts in the engine front frame sect ion and e ngine 

nose bullet . 

. 7 . 2 DE - I CING PROTECTION 

D e - icin g p rote c t ion is provided for the complete surface of the air int ake 

r a mp a nd the ins id e surface of the ramp lips by an electro - thermal cyclic 

d e -icin g system . The system,which is completely automat ic,sheds ice in 

s m a ll p i ece s t o p r event damage to t he engin e or ai r frame 

4. 7 . 3 TURNAROUN DS AND 1ST LINE MAINTENANCE 

No s erv icing i s requ ired a t turnarounds and only funct ional c h ec ks a r e 

req u ire d at p rimary inspect ions. 

4 . 8 AIR CONDITIONING 

B e c a u se of the operat ional role of t he ARROW 2, many items of e l e ctrical 

a nd electr on ic equipment have been designed for forced air c o oling. Thes e 

items r ely on a continuous flow of a i r to maintain t he t empera ture s a t an 

a c c e ptab le le v el. In fl i ght, the co oling a i r is obt a ined from t h e a ir craft air 

c onditioning system. The system uses air bled from the e n gin e c ompresso r s 

a nd co o led through an a i r -to-air heat exchanger , a water bo iler and an 
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expans ion turb ine. The co ol air is then ducted to the cockpits and equipment 

bays and is finally exhausted overboard. 

For ground op e ration , coo ling air can be supplied to the aircraft through two 

autom ati c quick release couplings, which are located in the bott om of the 

fuse lage, fo r wa r d of the armament bay, as shown in Figure 3 . A m inimum 

a i r flow -of 1 50 l b/m inute, at a temperature not h ighe r than 55° F, and a t a 

p re ss ure of 4 . 5 ps ig i s req uire d at the aircraft to mainta in adequa te co oling 

t hroughout t he air craft . This air supply should contain no free m oi sture . 

S ince there is no provis ion for adjusting the distribution of a ir within the ai r -

craft, a s various loads are switched on and off, this quant ity of ai r must be 

s pplie d to t he a ircraft whene ver external a - c e lectrical powe r is used. 

4. 8. 1 TURNAROUNDS 

D uring t urnaro nd , n o inspection or main tenance wo r k is requ ire d on the a ir-

c onditioning syste m , but cooling a ir must be suppl ied from an external source 

and the boiler m u s t b e fill ed with pu r e water . Wate r has been chosen as a 

c oo ling m e d ium becaus e of it s h i gh lat ent heat of evapor a tion. Pure water 

i s req uir e d in ord er to prevent deposits from forming w ith i n t he b o iler, 

t hereby re d ucing it s efficiency. 

T h ree a ccep t able sources of water have bee n cons ider e d : 

1. F iltered ra in water or m elted snow , t o wh ich sodi um sulphite has bee n 

a dded t o inh ib i t corr o sion . 

2, M ain drinki n g wat er supply whic h h as bee n soft ened by t wo - s t age 

io n ization t o leave not more t han 5 part s per m illi on o f s cale form in g 

s ubs a nc e s . 



~---WATER FROM 
~--- SOFTENING PLANT 

FIG. 12 PROPOSED METHOD OF FILLING WATER BOILER 
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3. D i s tilled wate r . 

In v ie w of t h e large q uantit ies of wat e r involved , t he softene d ma in drinking 

water supply a pp e ars t o b e t he most r eliable sour ce. The capacity of t he 

b oil e r i n t h e ARROW 2 is 26 gallons , and it i s e s timate d t hat a replenishment 

of 24 gallons w ill be required aft e r a combat m is s ion i n which s peeds o f 

M a c h 2 h a ve been a ttained. The bo ile r is de s igned t o w iths tand fre e z in g , bu 

a s upply of hot wa t er {16 0 ° F ) w ill be req uire d fo r replenishme nt a t for war d 

a s e s , in s ub - z ero weath e r . The fill in g po i nt for t he bo iler i s illustra t ed in 

F ig re 12 . 

4. 8 . 2 1ST L INE MAIN TENANCE 

Shoul d a defect b e rep ort e d in t h e a ir conditioning sys tem , a q uic k che c k may 

b e made of t h e tem perat ures and p ressures in t he s y s t e m by c on n e c tin g a t e s t 

box t o a receptacle in t he nose wheel w ell. T h is t est un it u se s thermoco uples 

a nd p it ot s p e r m a n e nt l y in s t alle d i n t h e air c o nditionin g syst e m . It will be 

necessary t o run the engines t o p erfo r m t h is t e s t ,so t hat the comple t e sys-

t e rn is fun ctioned. 

4. 9 E L E CT R I CA L SYSTEM 

4. 9 . 1 ALTER NAT i NG C URRE N T POWER REQUIREMENTS 

T he ARROW 2 a i r craft i s e q uip p ed w ith t wo c omplete l y indep e ndent and self-

o ntain e d ele c tr ical sys t e ms , on e being powere d fr om each air c raft e n gine . 

E ach syst e m obta in s its p o wer fr om a 4 0 KVA , 12 0/Z0SV , 3 phase, 40 0 cp s 

a- c ge nerator w hi c h is driven by it s aircraft e n g ine t h r o u gh a const ant - s p eed 

dr ive un it . D irect c ur re nt at 2 7. 5V is obtained from t w o 4. 5 KW t ran sform er-

rectifier un its , eac h s upplie d fr om one of t h e a - c s ystem s. These d-c o ut puts 

a r e parallelled to fee d all t he a ircr a ft d -c serv ice s . 
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To operate the electrical systems wit h the airc raft engines inope rative, 

e x t e r n al a -c power may be s upplie d to the a i rcraft t hrough an AN3 l 14 a uto ­

matic q u i c k - d i sconne c t coupling loc a t ed under the fu s e lage behind t he arma­

m e nt bay as shown i n F igu re 13. When 27. 5V d -c is s upplied t o p in 11 E 11 of 

t h i s c onne t or , a nd t h e ai r craft mas t er sw itch is turn e d ON , t wo 3 - phase 

line r e lays lose and both a - c busses are energize d . A t t he same tim e , a 

s l a v e r e l ay opens , t o p reve nt t he main a-c line re lay s from clos ing , t he r eby 

p r e v enting fe edback to t he a ircraft gene r ators . Direct current is obtained 

fro m t he t r a nsformer rectifier s as in flight, and t h e a ircra ft has no p rovi s ion 

f r energizing t h e ma in d ~c b uss e s d irectly fro m an external supply. As n oted 

in t he p r e vious section, coo ling a i r m ust be s upplied when an external a-c 

ele ctr ic a l suppl y is us ed. The e lectrical l oa ds for turna round a nd fir s t line 

m a int e nance wo r k have b een a ssessed and are o utl ined in A VRO ~eport 

LOG / 10 5/5 , Iss ue 4 , " ARROW 2 ; Estim a t e of Electr ical Power to b e s upplied 

by G r und Powe r Un it s ". The r eport s t a t ed t hat a max im um short d urati n 

1 a d of 3 1. 5 KVA is estimat ed , b ut a 4 0 KVA ground s upply i s rec omme n ded 

in order t o p ro ide for p oss ible increases in deman d , a s the air c raft is 

d e e lop e d. 

F req uency, wav e form , and har moni c cont ent of t h i s a - c s up p l y are all cr it ica l 

for som e items of e l ectron ic e q ipment in the a ircraft and sho uld m eet t h e 

perf r mance re q uir eme nt of AVROCAN Spec ifica tion E - 500 Electrical Sys­

t e m a -c and d-c) A i r r aft a nd E - 5 01 {Cons t ant Spee d D r ive Unit fo r 40 

KVA AC G e ne r ato r); t he m a in char acter isti c s of t he curre nt b e ing as 

fo l ows: 
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Rated voltage 

Voltage regulation 

Voltage recovery time 

Frequency steady 

F requency transient 

Amplitude factor 

Harmonic content - total 

Ha rmoni c content any phase 

Symmetry (voltage unbalance) 

Overload 

Unbalance loads 

120/208 V 

± 1 1/2% 

u r1cuss1nra 

± 1 1/2% in 0 . 2 sec . 

400 cps± 1% 

400 cps ± 5% 

1.41 ± 0. 14 

~· 5% 

~3% 

1> lo/o for P. F .>. 7 5 

150% for 5 minutes 
2 00o/o for 5 seconds 

Voltages w ithin± 4% and phase 
voltage angle at generator term­
inals 120° ± 4 °. 

4 . 9 . 2 DIRECT CURRENT POWER REQUlREMFNTS 

As outlined in paragraph 4 . 9. 1, all electr i cal power on the ARROW 2 a ircraft 

is generated as alternating current. Direct cur r ent at 27. 5 Vis obtained 

fr om two 4 5 00 watt transformer - rectifier unit s in the aircraft. In addition, 

a 15 ampe r e - ho ur battery i s installed to operate the essent ial d - c se rvice s 

unde r eme rgency conditions . To permit ground operation when a - c p ower 

i s n o t b e ing s upplied to the aircraft, external d-c power can be supplied to 

the batt ery and emergency d ~c busses through a receptacle on t he nose land-

ing gear leg, as shown in Figure 5. The following services may be operated 

from t his d - c source . 
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Service Load 

Batt ery i solation relay 0.26 amp. continuous 

Landing gear indicators 0. 5 amp. continuous 

F ire detection 1. 0 amp . continuous 

Mast er warning box 1. 35 amp . continuous 

Emergency cockp it lights 0 . 6 amp . continuous 

T urn and bank indicator 0 . 2 amp. continuous 

AN / ARC -52 "UHF, 5 . 6 amp. continuous 

AN/ AIC - 1 0A intercommunication 2 . 9 amp . continuous 

Canopy actuation 16.8 amp . for 8 seconds 

F ir e extingui sher 8 . 0 amp . momentary 

L . P . fue l cocks 12 . 8 amp. for 1 second 

I gn it io n for engine starting 31. 0 amp . for 30 seconds 

Powe r for t hese serv i ces is normally obtained from the transf ormer recti -

fie rs in t he a irc raft, and since t hese are energ ized from the main a - c 

e x t ernal supply , only five amperes at 27. 6 V d - c will be requ ire d under 

normal conditions . However, a 50 empere external s upply i s recommended 

for operating these serv i ces when an a-c supply i s not in use . 

In a ddition to the d - c power supply, the nosewheel receptacle has provis ions 

for t h e following serv ices : 

(a) Electr ical contr ol of the starter unit to permit cockpit initiation of 

engine starting . After sta rting, centrifugally operated sw itch e s on the 

., engine starter motors close the eng ine starter unit c ontrol valves when 

a pre - set eng ine speed has been attained. 
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(b) Audio s i gnals from a landlinj "Telescramble" system to provide two-

way communication between the cockpit and an operations controller . 

( c) Inter c ommunication between the cockpits and ground crew . 

{d) D - c power to control the external d-c supply to the aircraft, to isolate 

t he a irc raft battery and to energize the aircraft interphone system 

from a tow ing vehicle . 

{e ) S ingle - phase a - c power to warm the amplifiers in the eng ine fuel flow 

control units . 

4 . 9. 3 TURNAROUNDS 

No servic ing is required at turnarounds
1
but an external power supply must be 

plu gged into the a ir craft prior to engine shut-down . This is required to main-

tain the ASTRA system at stand by . 

4 . 9 . 4 1ST LINE MA INTENANCE 

F irst line ma intenance w ill consist of rectificat ion and inspection checks of: 

{a) C ircuit breakers and current limiters . 

{b ) V i sual in specti on of t he transformer rectifie r units, gro u nd faul t 

r ela ys and main power panel. 

{c) Vis ual check o f t he battery, wir ing , d i str ibution panels and accessory 

p a nels . 

{d) Funct ional checks of internal and external lighting . 

4. 10 ARMAMENT 

4. 10. 1 ARMAMENT SYSTEM INSTALLATION 

The armament syste m consists of four Sparrow ZD a i r - t o - a i r gui ded miss il es 

stowed in a semi- subme rge d position, in a removable weapon pack, as shown 

in F igure 14 . 





The carr iage of missiles in a separate weapon pack has been adopted for the 

following reasons : 

(a ) Internal or semi-submerged stowage is used because of the reduced 

drag of the installation and, the consequent improvement in aircraft 

performance . It was also considered advisable to accommodate the 

lowering and launching equipment in a self-contained, removable 

weapon pack so that should any component become unserviceable, a 

serviceable pack could be quickly substituted . 

(b) By isolating the aircraft primary structure from the armament bay 

(c) 

structure , changes in the type of armament to be carried can be made, 

w ith a m inim um of changes to the aircraft . 

Interchangeable weapon packs carrying different weapons can be used , 

thus adding to the aircraft's versatility . 

(d ) Reloading the a i rcraft by changing weapon packs permits the attainment 

of an accepta ble turnaro\_\nd time, as far as the armament i s concerned. 

This has a lready been demonstrated during the ARROW l mock - up con­

fe renc e . It is extremely doubtful whether the turnaround requi rement 

can be met in any other way than with this system. 

The weapon pack is approximately 15 ft long and 10 ft w ide , and weighs 

approximately 3800 lb when loaded. The weapon packs are designed to be 

fu lly interchangeable between aircraft and are attached to the aircraft at 

fo u r pick-up points, one at each corner of the pack. Of these , only the rear 

att achments are jigged and precise jigging is only required in the spanwise 

d i rection . The two front pick - ups mate with self- aligning fitt ings in the 



a i rcraft and therefore do not require precision jigging . All attachments ar e 

locked and unlocked individually and are operated manually from outside the 

p a ckage, without the necessity of removing panels. All hydraulic and elec ­

t r i cal connections between the weapon pack and the aircraft are made by 

q u i ck - disconnect couplings , and for safety all missile firing signals are made 

t hrough a separate connector mounted at one side of the pack. Making th i s 

onnect ion constitutes arming the aircraft . 

4 . 10 . 2 LOADING 

A t rolley has been designed by AVRO for transporting and hoisting the weapon 

pack. A tractor , not exceeding five feet in height is recommended for towing 

t he hoist trolley to permit passage under the fuselage. The weapon packs 

w ill be towed from the armament storage and test facility direct to t h e turn ­

a r o und hangar where t hey w ill be positioned ready for loading into t he air ­

cra f t . 

The p a ck and trolle y are ho isted on cables which attach to lifting p oints on 

t he a i rc r aft structure . The cables are operate d by pneumatic actua t ors 

p owe red by 1800 ps i a i r bot tles in the trolley . Suffici ent a i r i s carr ied t o 

ho i s t a loa ded pac k into an a ir craft six times . 

Accurate pos ition ing of the trolley is not essent ial as self-alignment w ill b e 

made a s the load i s taken by the hois t cables . 

F o u r men w ill be r e q ui r e d , one at each corner of the pack, t o secure the 

h o i s t cables to the a i r c r aft and to steady the pack. The seque nce of op e ra ­

tions h a ve b e e n desc ribe d in AVRO report 72/GOPS / l Metho ds of Loa d in g the 

Arma ment - Preliminary T im e Study. 
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4. 10. 3 TURNAROUNDS 

A t turnarounds, the weapon pack will be removed and replaced by another 

wh ich has been serviced and loaded in the armament storage and test facility, 

as outlined in Avro Report LOG/105/36 Preliminary Study of the Armament 

and Test Facility. 

4 . 11 THE ELECTRONlC SYSTEM 

4 . 11. 1 GENERAL DESCRIPTlON 

Telecommunication techniques, navigation , weapon firing and automatic 

piloting of the ARROW have been extensively developed, and combined to 

form an electronic system known as ASTRA 1. 

The ASTRA 1 system i s designed to perform the following functions : 

{a} Receive and interpret data from ground or airborne sources. 

{b) Seek and attack targets . 

(c ) Return the aircraft to base . 

The sys ·em is ener gize d by a-c and d-c electrical power from the main air -

craft s upply , and its power requirement is : 

a- c - 20 KVA at 20 0 /115 volts 3 phase 40 0 cps 

d - c - 40 amps. at 27. 5 volts . 

The main power supply i s critical for some items of electronic equipment 

a nd h a s been spec ifie d in AVROCAN Specification No. E-500 {40 KVA a-c 

Generat or) and E - 501 {Constant-speed drive for 40 KVA a-c Generator) . 

4. 11 . 2 TURNAROUND AND 1s t LlNE MAlNTENANCE ASPECTS OF THE 
ELECTRONlC SYSTEMS 

D uring turnaround, the vert ical heading and reference system w ill requi re 

or i entation w ith respect to the earth ' s axes . For this, the heading of the 
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a i rc raft must be determ ined to within± 1/4°. At the present time, the 

t echn iques and equipment required have not been defin itely established, but 

a s cheme i s a t present under consideration to use a portable master refer­

ence gyr o whic h would be plugged into the aircraft for either manual o r auto­

m ati c adjustment p rior to each flight . 

No n-ia intenance or func t ional checks w ill be required on any part of the 

ASTRA I system d uring turnaround. The equipment will be left o n standby, 

i. e . sw itched on, d u ring t he turnaround so that it will be warmed and ready 

for a nother immediate sort ie. If, howeve r, the ASTRA I s y stem is sw itche d 

off , a s e m i - automatic test i s required on the fire control system before fl ight , 

t o ve ri fy that t h is sub-sy s tem is serviceable . 

F ir s t line maintenance w ill consist e n tire ly of tests us in g spec ial test e q uip ­

ment t o d eterm ine if the a i rcraft is se rviceable . In case of unserviceability , 

a iliary test sets will be used t o local ize faults and isolate defective items . 

The s e w ill immediat ely be r e placed by s erviceable component s which have 

b een test ed and calibrated on a complete master ASTRA I mock-up in the 

2nd line maintenance facility . 

The sem i-a utomatic test e q uipment re q uired dur in g p rimary in spections i s 

s ummar ized as follow s : 

(a) F i re Contro l System T e st Set 

A clear in d ication of the fire con trol s y s tem pe rformance w ill be shown 

on t h e test s et . The set w ill require a gro und powe r supply of 115 v olt, 

4 00 cps 3 pha s e p ower . The t e st s et is connected to a test recep tac le 
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at station 167 on the right hand side of the aircraft's nose wheel well 

by means of a s ingle cable. 

ln the event of a fault being discovered , the fire control computator 

test set w ill be required to isolate the defective component. The exact 

location of the test po ints on the aircraft for this test set have not yet 

been determ ined . 

Dur ing the semi-automat ic test of the fire control system it will be 

necessary to operate the radar antenna. This will require a hydraulic 

powe r supply as described in paragraph .5 . 3, Table 3. 

{b ) The A utomat ic Flight Control System Test Set {AFCS) 

Th i s equ ipment determ ines the servi c e ability of t he AFCS . Detail 

d esign of th i s equipment has not been finalized but se r viceabil ity w i ll 

prob ably be ind icat ed by green and red, "go/no go" lights . An aux -

ilia ry AFCS test set w ill b e provided t o isolate defect ive component s
1 

should the AFCS test set indicate unserviceability. 

c ) The Flying Control D a mp ing System Test Set 

A d a mp ing system te st set is used to establish the serviceability of the 

complete damp ing system . An auxiliary test set for i solat ing faults, 

a p itot - stati c test set and g limiter test set w ill also be provided for 

i solation of defe ctive items . 

Othe r test set s are under cons ideration for use at 1st line ma in te n a n ce 

but t he requirement s for these are not yet establ i shed . These include 

te st un its for the AN/ARC-52 UHFtransceiver,AN/ARN-6 radio compass , 

t he dead - rec kon ing computer and the doppler rada r . 
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4 . 12 FLIGHT lNSTR UMENTS 

4 . 12 . 1 GENERAL 

u 

Tbe advanced performance characteristics of the aircraft have necessitated a 

re vi ew of the existing methods and instruments used for presenting visual data 

t Q the a i rcrew. Among the new cockpit instruments installed are : 

{a) A combined engine performance and exhaust gas temperature indicator. 

Thi s instrument will display percentage of maximum engine thrust, 

percentage of maximum afterburner thrust and jet pipe temperature. 

Test equ ipment will be required to establish serviceability and _perform 

field calibrations on these instruments while they are installed in the 

a ircraft . This will facil itate trouble -shooting and ensure instrument 

integr ity when invest i gating reports of engine malfunct ioning . 

{b) A liqui d oxygen quantity indicator is mounted in each cockp it . This is 

a remote reading electrical indicator and will be checked for ac c uracy 

on connecting the instrument to the fully charged replacement oxygen 

convertor . 

{ c ) Two navigation instruments : the integrated dest inat ion d isplay {lDD), 

and the fl i ght d i rector /attitude indicator . These i nstruments rece ive 

s i gnals from a verti cal and heading reference system which m u st be 

aligned with a reference heading, prior to each fl i ght . 

(d ) A combined ind i cated a i r speed, equivalent air speed and stall warn ing 

ind i cat or w ill be mounted in each cockpit . The in t egr ity of t h i s system 

w ill be established by per i odic removal of the ins t rument for calib ra­

tion, and by checks dur ing damp ing system testing at eac h p r imary 
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inspect i on . The p itot - static system leakage test er type MB - I (modified) 

will be used for both this system test and the damping system pitot ­

stat ic test . 

(e) The fuel quantity gauges are transistorized into indicator units reading 

in pounds. The system is similar in principle to the gauges in current 

use. 

4 . 12 . 2 TURNAROUNDS 

D uring turnarounds , it will be necessary for the aircrew to check the fuel 

c ont ent s gauges after refuelling, and the liquid oxygen quantity indicators 

be fo re and after r eplacment of the oxygen convertor . It is not envi saged 

t hat ground cre w should check the se gauges du ring turnarounds since the 

a i rcre w ' s p re - fl i ght cockp it checks , will natur ally embrace these items . 

4. 12. 3 1st LINE MAINTENANCE 

A t pr imary inspect i ons , a visual check should be made of a ll instruments , 

fue l a nd oxygen q uantity ind icators and emergency oxygen bottle p re ssure 

gauge s. A fun ctiona l test should also be made on the oxygen regulator , 

usin g an oxygen m as k . An oxygen regulator i s located unde r each crew 

member's seat but i s not equipped w ith a flow indi cat or . 

F un c t ional te st ing of the ASTRA l system cockpit displays is p erformed 

in conj uncti on w ith the elect ronic tests descr ibed in paragraph 4. 11 . 

M alfunctionin g of electronic instruments and d i splays w ill gene rally re q uire 

fault isolat ion w ith test equipment des igned to ind icate the pa rticular portion 

of any system whic h i s at fault . If a faulty instrument or os cilloscope display 
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i s the source of the trouble , the item will be readily replaceable . It i s not 

c on sidered that there should be any difficulty in this respect, as design 

t olerances are close and the replacement instrument or display would be 

calibrated on the 2nd line master rig, prior to installation. 

4 . 13 FIRE PROTECTION SYSTEM 

A continuous-wire type detector circuit is installed in the aircraft services 

bay , and in each engine bay . The detector wire senses temperature changes 

through change of resistivity. At a pre - determined resistivity value it 

operates e ither an overheat warning light or a master warn ing light on the 

pilot 's panel , plus a combined fire warning light and extinguisher switch for 

each of t hree p rotected areas . Actuat ion of the extingui sher switches initiates 

t he d i scharge of freon extinguishant from two bottles, to the appropriate 

area . A high rate discha rge system is used, incorporating a double shot 

fea ture . Thi s permits selection of a s ingle or double discharge to any one of 

t hree a reas . 

Power supply is n ormally from the ma in d - c bus . In the event of failure of 

thi s supply, automatic sw itc hing i s made to feed the detector circuit fro m 

the e mergency d-c bus, and the extinguishing circuit from the battery bus. 

In order to check the detector circuits a test switch i s prov i ded on the refue l 

and tes t panel (E . 21) . 

Each fire extinguisher bottle contains 12 lbs of freon which is pressurized 

wit h n itr ogen gas to a nom inal 400 psig . Should this pressure be below the 

appropr iate pressure for the ambient temperature, the bottles must be 



removed and replaced with fully charged units as it is not possible to deter­

mine whether the freon or nitrogen has leaked, unless the units are removed 

and we i ghed. 

4 . 13 . 1 TURNAROUNDS 

No servicing is required on the fire extinguishing system during turna r ound. 

4 . 13 . 2 1st LINE MAINTENANCE 

Pr imary inspection maintenance checks comprise checking the detector cir­

c u its for continuity , by operating the test switch on the refuel and t est panel , 

locat ed at station 490 in the lower fuselage , and checking the fire ext inguisher 

bottle gauges for cor rect pressure . 

4 . 14 EJECTION SEATS 

l t i s proposed , at thi s stage , to equip both the ARROW 1 and 2 w ith Martin ­

Baker C-5 fully automatic ejection seat s . 

Ea ch seat w ill be equipped with a p rimary cartridge, two secondary cartr i d ge s 

and a drogue gun cartridge . The ejection cartridges are operated by pulling 

the face blind, whi ch also ope r a te s t he canopy emergency opening cartridge , 

pr io r to ejection of the seat . An alternative operating handle i s also pro­

vided a nd is locate d at the base of the seat . 

A qui ck disconnect coupling at each seat p rovides connections to the following 

se r v ices : oxygen , p ressure, suit, visor-demisting, telecommunications and 

anti- g suit . 

A t turnarounds , and at all times when the aircraft is on the ground,pre c aut ions 

must be taken to pre vent inadvertent fi ring of the cartridges. 



SECRET 

!FIE 
As soon after landing as possible the safety pins must be inserted in the 

drogue gun, the alternative seat firing handle, the seat ejection gun sear 

and the canopy cartridge firing sear . 

P rior to each flight, it w ill be necessary to remove these pins and place them 

in the i r s towage pos itions , after the pilot has secured himself in his seat . 

E ach seat carrie s a combined parachute and seat harness . The parachute is 

considered as part of the seat but may be removed independently for per iodic 

repac k ing . 

Each seat weighs 110 pounds and requires a minimum headroom of five feet 

fo r removal. Before removal , the seat must be completely d i sarmed. 

Removal may be made by two men, and it is recommended that the seat be 

remove d manually to avoid d i sto rting the seat slipper pads and guide channels . 

How e v er , it i s rec ommended that an overhead hoist be available t o take the 

we i ght and lower the seat to the ground,as the task i s awkward and hazardo u s 

in v iew of the he i ght of the cockp it . For field use, it is des i rable that a self 

mobil e ho i st s imilar to the GIRAFFE model l-G-40 should be u sed . 

The cartridges must be changed pe rio d i cally but the change may be phas e d 

in w ith 2nd line ma intenance when the seats would be removed from the air-

craft . However , the cartridges can also be changed w ith the seats installe d . 

Th i s i s done by elevating the seat pan to max i m um install ed height, d i s -

connecting the top attachment pin and tilting the seat to it s maxim um forward 

pos ition . 
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The pressure in the emergency oxygen bottle should be checked and a visual 

inspection of the seat, parachute and operating mechanisms should be con­

d uct ed , at primary inspection to ensure cleanliness and serviceability . 

4 . 15 AIRCREW EQUIPMENT 

Special fly in g clothing and equipment will be necessary for aircrew as follows · 

1 . Press ure helmet 

2 . Pres sure ·vest 

3. g s uit s 

4. Leg restraints 

5. Heavy clothing such as boots and mittens . 

Facil ities for handling this equipment together with aircrew showers, toile t s , 

r e st and locker ro ms would be desirable and should be located as close to 

t he turnaround hangar as possible. 



5 . 0 GROUND SUPPORT EQUIPMENT 

5 . 1 GENERAL 

In chapter 4 the ARROW 2 maintenance requirements during turnarounds and 

1st line maintenance were reviewed. From this review, the ground support 

equ ipment required for the ARROW 2 has been determined and is summarized 

in Table 1. Recommendations for specific equipment for field and hangar 

u se are listed in Tables 2 and 3. 

Table 1 (a) 

TURNAROUND - BASlC REQUIREMENTS 

Function 

1. 

2 . 

3 . 

4. 

R e fue l 

A-c and 
d-c power 
maintaining 
AST RA 1 at 
standby . 

Reload 

Change of 
aircrew 

Description ·of Service 
"Required 

2(}c6 Imperial gallons . Total 
flow of 500 gpm to 1000 gpm 
max. through two hoses at 50 
psi . 

Up to 40 KVA of 115/zoov, 
400 cycle, 3 phase a-c 
power to Avrocan Spee . 
E-500. 

5amp . at27.5Vd-cto 
operate a-c relays in the 
aircraft. 

Cooling air supply. Mini­
mum of 150 lbs/minute at 
55°F at 4 . 5 psig at the 
a ire raft. 

Remove pack and replace 
with loaded pack. 

Equipment 
Required 

-Tender or hydrant system . 
-Access stands for connect-

ing hoses to refuel adapt­
ers. 

-Fuel vapour exhaust system. 

Combined p owe r a nd a ir con­
ditioning t r ucks or separate 
static gene rating plant and 
separate air conditioning 
unit . 

Empty hoist trolley a n d re -
placement loaded pack on 
hoist trolley . 

Cockpit acc e ss platfo r m o r 
access catwalk . 



5 . 

6. 

7 . 

8 . 

- 9. 

10 . 

1 1. 

12 . 

Function 

Drag 
chute 

Repleni sh 
water in 
a i r con ­
d itioning 
s y stem 
bo iler . 

Oxygen , 
r epleni sh 

Eng ine oil 
replenish 

Check 
auxiliary 
gear box 
oil. 

Inte rcom 
T e le -
s cramble 

A lign 
ve r t i cal 
heading & 
reference 
system. 

Engine 
sta r ting 

Description of Service 
Required 

Replace 

Add up to 24 Imperial gallons 
of pure wat er per combat 
mission. 

Change l iqu id oxygen con­
verter. 

Max . consumption 3 pints/ 
engine/hour at military rated 
speed. Refill a t pressur e 
po int unt il oil is observed 
a t o verflow p ipe. 

Replen ish as necessary . 
Sho uld not normally require 
r eplenishment a t turnarounds . 

Cab le connects ai rcrew , 
groun d crew operations ro om 
a n d eng in e starters through 
no s e wheel r eceptacle . 

Determine a i rcraft head ing 
to ± - 1/4° M e thod not yet 
fi rmly es t a b lished). 

Hot , medium pressure air ; 500 
VAatll 5V , 400cpsa-cto 
warm amplifiers in engine 
fuel flow c o ntr ol units ; 50 
amp at 28V d - c; signal wir es 
t o control starting cycle 
f rom a ir craft . 

U C 

Equipment 

Replacement drag chute, 
access stand or drag 
chute delivery vehicle . 

Main water supply w ith 
overhead delivery hose 
and automatic shut - off and 
refill nozzle , o r mobile 
water tanke r w ith heate r 
un i t . Ac c ess ladder or 
catwalk. 

Replac e ment conve r ter , 
access ladder or cat walk . 

Repleni shing tra iler 20 
gallons o il. 

Eng ine oil replenishing 
unit . 

Cable f r om hanga r o r from 
eng in e s t arter{ s ). 

Gas t u rbin e c omp r essor 
un it{s ). lftwo un it s are 
u sed to p r ovi de s im u l t ­
aneo u s eng in e sta rt s , 
cabling i s re q uire d i n 
ac c ordance w ith AVRO 
drawing 7 - 4427 - 11 3. 



System 

1. Astra 1 

2 . Eng ines 

Table 1 (b) 

1st LINE MAINTENANCE - BASIC REQUIREMENTS 

Descript ion of Service 

Primary inspection 

Fault isolat ion 

Rectification 

Replenishment 

Primary inspection - air 
intakes 

Eng ine change 

Equipment Req uired 

Ground supply 115/Z00V 
400 cps 40 KVA. 
Cooling a ir supply~ 
Ma in hydrauli c power rig. 
Rada r antenna hydraulic 
power rig. 
Nose serv icing dock. 
Fin serv i cing stand• 
F ire control tes t set. 
AFCS t est set. 
Damper test se t . 
Pit ot-Stati c test set. 
G - lim iter te st set. 
UHF test set, 
Doppler test set. 
Ve rt. heading a nd Ref. 
system t est se t , 
Ra~ar homer test set. 
D . R . test set. 

Fire control comp uter 
test set . 
AFCS auxiliary test set. 
Damper auxiliary test s et . 
P i t o t- Stat i c tes t se t, 
G-limiter te s t set. 

Electron ic spare s t r olley. 
Electron i c replacement un it s. 

Hydra ulic re se rvo i r fille r. 
Cooling o il tank filler. 

Ac c ess ladder. 
Flame p r o o f inspect ion l a mp . 

Replacement eng in e i n tr olley. 
Eng ine change s t a nd. 
Empt y transport trolle y. 
6000 l b . capacit y ho i st. 
Ai r c raft jacks. 
Eng ine sling a nd b eam . 
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System Description of Service 

2 . (Cont ' d) Oil replenishment 

3. 

4 . 

5. 

A i rframe 
general 

Nose 
section 

Oxygen replenishment 

Towing 

Defoelling 

Fuel transfer & regulation 
tests 

Primary inspection 

A r mament Primary inspection 
bay 

Hydrauli c 
equipment 
bay 

W ing 
(one side) 

Do r sal 
area 

Primary inspect ion 

Pr imary inspect ion 

Primary inspection 

Empennage Pr imary inspection 

Cockp it Primary inspection 

Ele ct r i cal Pr imary inspection 

Armament Primary inspection 

Equipment Requ i red 

Replenishing trailer 20 
gallons oil capacity_ 

Replacement bottle. 

Tractor 10 , 000 lbs . draw­
bar pull. 
Tow bar o r bridle. 
Nose wheel steer arm. 

Tender. 
Air supply 50-60 ps ia 12 
lbs/minute at 3 50°F (max). 

Air s upply 5 0 -6 0 ps ia 12 
lbs/min ut e a t 350°F max . 

Access stand (RCAF 
4G/1596) 

A c cess s tand (R CAF 
4G/1596) 

Hydraulic bleed & charge 
unit . 
Compre ssor , nitr ogen 
5000 ps i 

Ac c ess s tand to landing gear 
bay ro of (RCAF 4G/15 96 ) 
R ubbe r mats fo r uppe r s ur ­
fac e 

Cockp it access s tand 

Fin serv icing s tand 

Cockpit access s t and. 
Hoist. 

Ac ce s s pla t form (RCA F 
4G/1 596) 

Ho i s t tro lley , for rem oval 
of pack and transp o rting it 
to the armament storage and 
test facility. 



u 
S y stem D e scription of Service Equipment R e quired 

5. (Cont ' d ) Airc r aft t est s e t (pack and 
missile simulator) 

6 . Instru - Primary inspection Use access platform already 
m e nts placed. 

7. Safety Pr imary inspection Hoist for seat removal and 
equip - replacement. 
ment Drag chute replacement Access platform (RCAF 

4G / 1596) 
Asbe stos blanke ts and 
gloves. 

5. 2 TUR NAROUNDS 

The or i g inal concept (AIR 7-4 Issue 2) required that a tur naround b e 

c omple ted in fi v e min utes . Consequen tly; the aircraft has be e n desi gn e d w ith 

thi s in view and can take refuell ing flows of up to 500 gallons per m inute 

t h r o u gh each of two points. Howe v er, h y drant refuelling and othe r qui c k 

ac c ess fac i l i t i es will be r equir e d to achieve turnarounds w ith i n t h e req ui r e d 

time . A preliminary t ime s t udy using this e quipment showed that th i s m i ght 

be realize d in about s eve n minutes . 

The turna r ound time has now b e en relaxed to four a i rcraft in 15 m inutes and 

t h is may be achieve d us ing field equipment and tende r re f ue ll in g. The e q uip -

ment req ui r e d is listed in Table 2 (a). 

It i s d e s i r able that the minimum turnaround time be a ch ieve d and it i s 

r ec omme nde d that the g round support equipment be d e s ign e d t o r e al i z e t he 

full capabilities of the aircraft . This equipme nt· is lis te d in Tab l e 2 (b). 



Services 
Required 

1 . Refue lling 

2 . (a ) Electr i c 
power 

(b) Cooling 
a i r supply 

3 . Reload 

4 . Cockp it 

5. Drag chute 
replacement 

6. Water replen­
i shment air 
condition 
boiler 

Table 2 (a) 

TURNAROUND AT FORWARD BASES 

Equipment 
Recommended 

Tender . RCAF have made proposal 
for GFE tender of 3200 gallons capa­
city and refuelling rate 250 gal. /min ­
ute t h r ough each of two hoses at 50 
ps i. 

Access platform 36 inch high1 4 
steps up. 

A combined air condition and elec ­
tr ic power trailer wh i ch will pro­
v ide l 15/2 0 0V 400 cps 3 phase a-c 
and 15 0 1 bs / minut e air at 4-1 /2 
ps i g at 5 5 ° (Max) 

The trailer wi ll have l imited self 
mob ility. 

W eapon pack ho ist trolley - empty 
W eapon pack h oi s t t rolley - lo a ded 
w ith replacement pack 

Mobile access platfo rm . Ex i s ting 
alt ernative types are to be evalu­
a ted by RCAF . 

Drag chute coll e ction vehicle. 
Access stands. 
Drag chutes 
Asbestos mats and aprons for 
personnel 

Trailer 50 gallons with oil - fired 
heater and spec ial automatic shut­
off refilling nozzle. 

Quantity 
for t urn­
around in 4 

A/C in 15 m ins 

4 in immediate u se 
pl u s 5 sta ndby, as 
one tender will 
only refuel one 
aircraft. 

8 (2 pe r aircraft) 

1 ve h icle 
4 stands 

4 

4 
4 

4 

4 dra g chutes 
4 sets 

4 
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7 . 

Services 
Requir ed 

Oxygen 
replenish 

8 . Eng ine and 
auxiliary 
gear box . 

9 . Engine 
Starting 

Equipment 
Recommended 

50 gallon liquid oxygen storage 
trailer (GFE) 
Spare converters 
Insulated trailer for safe stowage 
and transport of converters. 
(converters evaporate approx. 
1 litre of liquid oxygen in 24 hours) 

Eng ine oil trailer, 20 ·gallon capacity 
Avrocan E-473 

A ga s turbine compressor unit on a 
mobile trailer is r e commended for 
supplying the hot medium pressure 
air for engine starting. 

The unit will consist of: gas turbine 
compressor, 2 7. 5 V 50 amp d-c 
generator, batt ery, a 500 VA 400 
c ps 115 volt single phase supply, 
intercom junction boxes, electric 
and intercom supply cable to the 
nose landing gear receptacle and 
two air delivery hoses. 

UNCL 

Quantity 
for turn­

around of 4 
A/C in 15 mins . 

4 
1 

4 

4 



Servi ces 
Required 

1. Refuel 

2 . Electrical 
power 

Table 2 (b) 

TURNAROUNDS 1N PREPARED HANGARS 

Equipment 
Recommended 

Hydrant system to supply 1,00 0 gallon/ 
minute to each aircraft at 50 psi with 
satell ite storage tanks in turnaround 
area. This sytem requires a local supply 
of emergency electr ical power for pump 
house operation as insurance against 
hydro-electric failure. 

A dispenser incorpo rating filters, water 
separators, mete rs and an air eliminator 
i s requi red in each turnaround bay. 

There are no detailed proposals at present. 

Although t he max imum sho r t durat ion load 
for 1st line maintenance operation on the 
ARROW 2 is estimated to be 31 . 5 KVA at 
present, i t is recommended t hat motor 
generator sets be installed to provi de 
up to 40 KVA of 11 5/2 00 V olt 400 cps 3 
phase power to each a i rcraft. The 
characteristics of this powe r should meet 
Avrocan Spee . E-500 (4 0 KVA generators)' 
a nd the generator should be driven b y a 
synchronous motor in order t o obta in the 
spec ified frequency of 400 cps . 

A un it w ith suitable c u rrent character ­
istics appears to be the Moto r Corpora­
tion ' s Mode l #1050 of 60 KVA rating. 
This capacity i s in excess of the immed ­
iate know requirement s per a i rcraft and 
a 40 KV A s e t would be s u itable i f avail­
able . Thi s un it does not meet the over­
load requi rements spec ifi ed in Av r ocan 
E - 500, but thi s i s considered unne c essary 
for ground operat ion. 

Quantity 
for turn­

around in 4 
A/C in 4 bays 

4 

4 



Services 
Required 

3 . Conditioned 
air supply 

Alternative 
to 2 and 3 . 

4. Reload 

5. Cockp it 
access 

6 . Drag chute 
replac ement 

Equipment 
Recommended 

Electrically driven stationary equip­
ment, to supply 150 lbs/air minute 
at 4-1 / 2 psig at 55 ° F (maximum) ,, 
at the aircraft, with the air contain­
ing no free moisture . 

A proposal by the John Inglis Co . Ltd . 
as submitted in Avro report LOG/ 
105/9 "Readiness Facility" is an 
example of a suitable unit. 

The power /ai r conditioning unit re­
commended in Table 2 (a) para. 2 (a) 
and (b) for use at forward bases might 
be used in turnaround hangars but this 
is not recommended for the following 
reasons : 

(a) Lower initial cost for industrial 
machinery . 

(b) Lower level of skill for mainten­
ance and less frequent mainte n­
ance required for industrial 
machinery . 

( c) Lower noise level. 

Weapon pack hoist - empty 
Weapon pack hois t - loaded with 
replacement pack 

Mobile access platform. Existing 
alternative types are to be evalu­
ated by RCAF. 

Access stand 
Drag chutes 

Asbestos mats and aprons for 
personnel. 

Quantity 
for turn­

around of 4 
A/C in 4 bays 

4 

4 

4 
4 

4 

4 
4 
4 sets 



-

Services 
Required 

7 . Water 
replenish­
ment 

8 . Oxyge n 

9. Eng ine & 
gearbox oil 
replenish -
ment . 

10 . In t ercom 

11 . En gine 
s ta rt ing 

Equipment 
Recommended 

Wate r softening plant capable of 
delivering 12 gallons per minute to 
each turnaround bay through an over­
h ead hose delivery system . 

Hose te rminat in g in a 1 inch diameter 
automatic shut-off fille r nozzle such 
as "Filomatic" #1811 manufactured by 
O . P.W . Co r porat ion,Cincinnat~and 
modified to suit ARROW 2. Flow 
requirements are based on completing 
turnaround replenishment of 24 gallons 
in 2 minutes . Water softening equip­
ment is not spe c ified as this will vary 
with the quality of the water iri each 
locality. 

Replacem ent liquid oxygen converters. 
Tr a iler insulat ed for transportation of 
converters (RCAF Dr g. 551661) 

Tra iler engine oil replenishment 20 
gallon GFE to Avrocan Spee . E-47 3 

Cables a re required for interconn ect ­
ing t he aircraft a nd s tarter un its; air­
craft and ground crew; aircraft 
and the Bell Telephone Company 
"Telescramble" syste m . 

A ga s turbine compresso r un i t com­
plete with a generator to supply 50 
amp 2 7 . 5 volt d-c and 5 OOV A sourc e 
o f 115 400 cps s in gle pha se a-c power 
i s propos e d for the turnaround 
han ga r . The unit would a lso carry 
junction boxe s f o r intercom as des ­
c rib e d in ite m 10 . This is identical 
to the propos ed tra iler unit recom­
m e nded for fie ld use . 

u 
Quantity 

for turn­
around of 4 

A/C in 4 bays 

4 

4 

4 

4 

4 



Servi ces 
Required 

11. (Cont ' d) 

12 . Emergency 
d-c for 
s tarting 
engines and 
operating 
intercom 
when engine 
starte rs are 
not running . 

Equipment 
Recommended 

The direct current from this unit 
should be fed to a junction box which 
would also receive an identical supply 
from a hangar d-c source to operate 
t he intercom system on occasions 
when the engine starting compressor 
i s not running. 

The starters should be interconnected 
so that either starter can start any 
engine. 

Power rectifier RCAF GFE 5P/47 
(Mallory #VA 3000) 220V 60 cps, 3 
phase input 
20-32 volt 100 amp output 

or 
mot or generator set 5P /60 500 volt 
50/60 cps 3 phase input 23-3 3 volt 
500 amp output . 

5 . 3 1 s t L INE MAINTENANCE 

The 1 st line maintenance tasks are as follows : 

(a ) Pr imary inspections. 

(b) Fault isolation. 

( c) Fa ul t rectification . 

(d) Special inspections. 

(e) Alignment of systems 

U C 
Quantity 

for turn­
around of 4 

A/C in 4 bays 

2 

T he major 1 st line maintenance task i s the recurring pr imary inspection . The 

equ ipment necessary to perform this function is listed in Table 3. Coo l ing air 

and 40 0 cycle a - c power will be required for each aircraft . The static 

machinery already proposed will be adequare in size and q uantity . 



Function 

1. ASTRA 1 
primary 
inspection 
access. 

Radar 
antenna 
transverse 
for function 
test 

Fire 
control 
system 
t est 

Trans ­
p o rtat ion 
radar 
trans­
ceiver and 
radome 

Replenish­
ment radar 
hydraul ics 

Table 3 

1 st LINE MAINTENANCE 

Equipment Recommended 

Nose servicing dock. A light-weight tubular structure 
embracing both sides and front of nose section with facility 
for radome and radar :removal, and suitable storage space 
for electronic test sets. 

Design study in hand by A VRO. 

A standard RCAF Greer unit 4G/222 or similar electrically 
driven unit is recommended for use during fault rectification 
when the main hydraulic rig is not in use. Estimated power 
consumption is 5 KVA at 550 volt 3 phase 60 cps a-c. 

A similar unit with gas motor drive is required for use at 
forward base's to supply 8 US gallons/min at 1000 psig. 

An estimated 2 KVA of 115 volt 400 cps 3 - phase a-c is 
required for the FCS test set . An outlet from the stat i onary 
motor generator set should be provided, since this power 
should be from the same source as the aircraft source . 

Special handling equipment to be designed by AVRO . 

A minimum of 30 psig will be required to replenish th i s 
reservo i r with oil to specification MIL-O-5606 . The tank 
has 80 cubic inch capacity. The hand-operated Godfrey 
filler and bleed unit RCAF 4G/1825 could be used for thi s 
purpose. 

The radar co oling system uses OS-45-1 oil. A special 
filler is being considered for replenish ing this system, in 
view of the small quant ity of special oil involved. 



Function 

2. A i r intake$ 
inspection 

Engine 
change . 

Engine 
oil replen-
ishment 

3. A irframe 

4. Defuell ing 

5. Defuel, 
air pre s -
sure {also 
required 
for flow 
tests) 

6. Hydraulic 

Equipme nt Recommended 

Servicing stand, e levating RCAF 4G/1596. To be shared 
by airframe for landing gear inspection in main wheel bay. 

AVRO design as illustrated in Figur e 13. 

Trailer, 20 gallons capacity, hand operat ed, to Avrocan 
Specification E-473 . 

The weight of the aircraft will be about 60, 000 l b when 
loaded for its primary combat mission and 68,000 lb for 
ferry missions . The aircraft is designed to be towed 
from the nose landing gear, with draw bar loads up to 
10 , 000 lbs. No particular tractor is recommended , but 
it is des irable that the draw bar pull should be at least 
equal to the shear pin value in the towbar . The normal 
towing loads on hard level surfaces will be approximately 
3,000 - 4,000 lbs , but will be hi gher when starting on 
grade s or in snow . A " Un itow" tractor Type D . 8 is suit­
able for normal p urp ose s and is a convenient s i ze for 
handling the w eapon pack trolley . 

A tank and suction un it of at least 3200 gallon capacity will 
be required to receive the full load from one aircraft. It is 
recommended that defuelling be carr ied out by using tender 
suction and comp ressed air . It is propos e d to use air from 
the engine starte r after it has bee n pas sed through a heat 
exchanger and filte r. The heat exchanger and filter are 
presently being des igned by AVRO . A 10 micron filter and 
water trap will be required in the a i r supply line. 

Air supply from engine starter unit via a mobile heat 
exchanger unit, employing a i r -to -air coo ling. 

A hydraulic repleni shing trailer of 8 gallon c apac ity 
RCAF GFE 4G/ 182 5 manufactured by Godfrey Engineering 
Co . and modified by AVRO to take alternative filters and 

, couplings i s being evaluated. 



Function 

6. (Cont ' d) 

7 . Hydraulic 
systems 
functioning 

8. Pneumati c 
systems 
charging 

9 . Fin 
servicing 
stand 

u 
Equipment Recommended 

Each compensator is replenished through the aircraft low 
pressure ground connections. The total capacity of the 
hydraulic system is 26 Imp. gallons and the delivery rate 
of the dispenser is 1/2 gallon per minute at 150 psi . 

A trailer manufactured to Avrocan Specification E-466 will 
provide up to 40 U . S. gallons/minute at pressures up to 4000 
psig, for ground testing of the hydraulic system operat ion of 
the flying controls and retraction of the landing gear, missile 
launchers, speed brakes etc. 

The trailer is equipped with two hydraulic pumps each dr ive n 
by 50 hp motors, one hydraulic pump w ith a 10 hp motor and 
two fan motors rated at 1/3 hp each . The rig operates from 
a 550V , 60 cps, 3-phase a-c supply . 

Power i s supplied to the electric motors which dr ive the 
hydraulic pumps, through a 1 00 fo o t cable cons is ting of 3 s ize 
'0 ' conductors and 1 size 12 conductor . The cable term ­
inates in a 20 0 amp. 4 pin plug, type CROUSE - HINDS 
#AP20468, which mates with wall receptacle CROUSE-HIN:CS 
Type A . R.E . A . 20427. 

The motors are s tarted by Allen Bradley magnetic starters 
Part No's . B . U . L . 709 (D . 0 . C .) and 709 (C. 0. C.) and 709 
(A. 0 . T . ) . 

A trailer manufactured by the Godfrey Eng ineer ing Co . to 
Avrocan Specification E-333 will provide e ither a ir or nitro ­
gen at up to 5000 psig at 15 SCFM for charging aircraft 
pneumat i c systems, inflating tire s, replenishing the a i r 
bottles in the weapon pack ho ist trolley and the landing gear 
emergency nitrogen bottles. 

The trailer is equipped wit h a compressor drive n by a 1 5 
hp motor powered from 55 0 volt , 60 cps, 3-phase s upply. 

A 100 -fo o t long power supply cable terminates in a three­
pin , four-wire plug, Type CROUSE-HINDS #APJ3463. This 
mates w ith wall receptacle Type CROUSE-HINDS# AR 342 
(30 amp). 

A standard RCAF s t and (4G/1230) is p roposed for access to 
the upper parts of the fin and rudder . 



Function 

10 . Ejection 
seat 
removal 

11 . Oxygen 
recharging 
ejector 
seat &: 
engine re­
light oxy­
gen bottles. 

12 . Liquid 
oxygen 

13. Addit ional 
items 

Equipment Recommended 

A mobile, elevating and extending hydraulic powered hoist 
is being investigated for removal of ejection seats, canopy 
doors,rudders and control boxes. A recommendat ion will 
be made in the near future . 

A standard RCAF gaseous oxygen supply trailer is suitable 
for this purpose. 

A trailer to RCAF Dr g. 551661 for the transportation of 
converters . 

Special tools , boresighting equipment and slings are n eces­
sary for various operations at 1st line maintenance. These 
will be listed in the maintenance schedule against the opera ­
t ion for which they are required. 



u 
6 . 0 PROCEDURES AND PERSONNEL 

A preliminary study has been made of the procedures and personnel necessary 

for rapid and efficient performance of the turnarounds and first line mainten-

ance functions . 

Three cases have been considered and the findings are presented under these 

separate headings : 

1. Turnarounds at forward bases. 

2 . Turnarounds at main base in prepared hangar . 

3. First line maintenance functions. 

It is realized that these items are estimates and will have to be confirmed by 

p r acti cal demonstrat i ons, when an aircraft becomes available . It is proposed 

that th i s be done during the contractor ' s demonstration of the complete weapon 

system . 

No a t t empt is made t o place servi cing functions within the revised RCAF trade 

s t ruct ure now being planned. The number of men sug gested in th i s r e port i s 

b ased on the opt im um number of men required to perform cert ain tasks wit h in 

a time limit . Existing t ade classifications have been used . 

6 . 1 TURNAROUNDS AT FORWARD BASES 

To me e t the operational requirements of four turnarounds in 15 m inut es , i t 

w ill be necessary to position the mobil e g round equipme nt r e ady for immedia te 

u se . The equipment should be positioned in a manner similar t o that illus­

trated in Fi g ure 18 for the turnaround han gar at a main base. 

The t ime study illustrat ed in Figur e 15 is based on four s e ts of mobile 



equipment being positioned on a planned site with each aircraft taxiing up to 

the correct position . Some time will be lost in bringing the mobile cockpit 

access platform, refuelling tender and water tanker into position when corn-

pared with the fixed facilities in the turnaround hangar. 

From Figure 15, a time of 8-1/2 minutes appears reasonable under ideal 

weather conditions for the completion of a turnaround at a forward base . 

However , an allowance should be made for adverse weather condit ions, when 

some of the work will be hazardous and more difficult to perform . 

The tasks to be performed at a forward base turnaround are listed in 

F i g ure 15 . From this analys i s the number of men required to handle one 

a ir craft i s as follows : 

Safety equipment workers 
Armourers 
Tender drivers 
Airframe mechanics 
Refuellers 
Engine mechanic 
Electrician 
Turnaround controller 

Total 

1 ..... 
4 v 
1 ..,,. 

2 
2 ..,.. 
2 ....-­
l v 

1 

14 

Four such t eams will be required to complete four turnarounds within fifteen 

minutes, handling four aircraft simultaneously. In addition, extra person-

nel and equipment w i ll be required if it is desirable to sustain forward base 

act iv ities for any length of time . These will be employed on the addit i onal 

refuell ing tenders necessary, and on servicing and replenishing the g round 

equipment rigs. 
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4. 3 FUEL SYSTEM 

4 . 3. 1 GENERAL 

F u el is carried in 14 internal tanks - 2 bag-type cells in the fuselage and 12 

integral w ing tanks, as shown in Figures 7 and 8. The fuel system i s divided 

i n t o two sub - systems . The aft fuselage tank and the left wing cells normally 

feed the left engine , and the front fuselage tank and the right wing cells 

normally feed the right engine . The total capacity of the internal fuel sys ­

t e m is 2492 lmperial gallons and th'e quantity of fuel required for the primary 

c ombat m iss ion i s 2026 lmperial gallons . For ferry missions, an external 

d rop tank w ith a capacity of 500 lmperial gallons may be installed . 

In each s ub - system, fue l i s transferred by air pressure to a collector tank 

(# 5 w ing cell) in whi ch a mechanically-dr iven booster p u mp is mounte d . 

F r om the boo ste r pumps the fuel flows through heat exchangers to act as a 

coolin g medium for h y draulic flu id and lub r icating oil , and the fue l i s then 

delivered to the e n gi nes. The fuel t emperature at the engine inlet must not 

excee d 160 ° F , and since heat will also be absorbe d from the ai r craft skins 

d urin g fl i ght a t h igh spe e ds , t h e fuel temperature a t the start of a fl igh t 

should not exceed 110°F for a combat mission at Mach 1 . 5, o r 70°F for a 

c ombat m i ssion involving a 10 minute flight at Mach 2 . 0. lt i s recommende d 

t hat p r ovisions be made for cooling the fuel to 60°F, prior to del iverin g it t o 

t h e a i rcraft , during very hot weather, if flights a t Mach 2 ar e contemplated. 

4 . 3. 2 REFUELLlNG 

The ARROW 2 is refuelle d through t wo standar d 2 - 1/2 in.p ressur e refuellin g 

a da ptor s locate d under the wings, behind the main wheel we ll s as shown in 



Figure 9 . Each sub - system has been designed to accept fuel at flow rates up 

t o 500 Imperial gallons per minute with a pressure of 50 psi at the a i rcraft 

adaptor . However, during refuelling to the combat mission load (2026 gal,) 

it i s expected that an average flow rate of approximately 350 gpm will be 

att a ined w ith 50 psi inlet pressures, since some tanks will fill and shut off 

ear lier than others , thereby decreasing the flow rate toward the end of the 

r e fue ll ing operation. The equipment in the pressure refuelling systems is 

d e signed to w ithstand a normal working pressure of 60 psi and will be tested 

to a proof pressure of 120 psi. Surge pre ssures from the ground refuelling 

equ ipment must not exceed this pro o f pressure and preferably should be kept 

below 90 ps i . The e xte rnal tank i s n ot included in the pressure r e fuell in g 

syst em and m u st be refuelled through an opening in the top of the tank . 

F r om the p r ess ure re fuelling manifolds , the fuel flows t o the var ious tanks 

and enters each tank thro u gh a servo-operated shut - off valve. This v alve is 

c ontr o lle d by a fu e l l e vel sensing valve in the same tank . The sens i n g valve s 

a r e manufact u r ed as dual unit s and pro v i s ion is made in one half of e a ch 

l eve l s e ns ing valve for int roducing an art ifi c ial " f ull tank" electrical s i gnal. 

Thi s i n t u rn provide s : 

(a ) A m e ans of checking that all tank shut - off valves ar e funct io n in g 

c or re ctly prio r to filling the tanks . 

(b) A means of stopping the flow at any de s i r e d point dur in g r e fuellin g. 

In addition, failure of the electrical powe r supply w ill ca u s e t h e shut ­

off valve s to close and will therefo re stop the refue lling opera tion . 

The refuelling controls on the aircraft are contained on a maste r refue llin g 



panel located under the fuselage , ahead of the left speed brake , and on two 

subs id iary panels located in the main wheel wells adjacent to the refuelling 

adaptors
1
as shown in Figure 9. The master refuelling panel contains a 

master switch to energ ize the system, and a three position selector switch 

w ith PARTIAL REFUEL , FULL REFUEL, and OFF and DEFUEL selections. 

On the PARTIAL REFUEL select ion~ certain fuel level sensing valves 

w i ll be deenerg ized so that their respective tanks will remain empty. Each 

s ub s id iary panel contains one REFUEL switch and seven lights , one light for 

each shut - off valve in that sub - system . These lights are illuminated when 

the shut-off valves are fully closed. 

When refuelling, t he following procedure should be adopted : 

{a ) Ground the aircraft and all ground support equipment , including elec ­

tr ical power and cooling air supply units and refuell ing equ ipment . 

(b) Connect t he electrical power and co oling air supplies to the a i rcraft, 

if the ASTRA I system i s to be kept a t "Standby" during refuelling , 

o t herw ise d - c power only i s required for refuelling . 

( c ) T urn the mast e r refuell ing switch ON and select PARTIAL REFUEL 

o r FULL REFUEL . 

(d) Check that the refuel swit ches on the subsidiary panels are o ff and that 

all ind icator lights are on . 

(e) Conne ct the refu e lling hoses to the a irc raft . The fuel pressur e should 

open the shut - off valves momentarily while fuel flows to the fuel l evel 

sens ing valves . W ith the refuel switches off , the art ifi cial f ull tank 

signal will reclose the shut - off valves . Thus, all ind icat or l ights should 
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20 

21 

22 

23 

24 

25 

26 

27 

28 

OPERATION 

DISARM WEAPON PACK 

CONNECT A.C POWER 

CONNECT CONDITIONED AIR 

CONNECT GROUND INTER -COM. 

CONNECT FUEL VENTS 

ENGINE RUN DOWN TIME 

POSITION COCKPIT LADDER 

INSERT SEAT SAFETY PINS RESET 
DRAG CH UTE LEVER 

LOAD DRAG CHUTE 

CHANGE AIRCREWS 

AIRCREW COCKPIT CHECK 

REMOVE W EAPON PACK 

INST ALL REPLACEMENT PACK 

ALIGN VERT. REF_ AND HEADING SYSTEM 

REPLENISH WATER 

REPLACE LIQUID OXYGEN CONVERTOR 

SECS. 

~g~ 

r;:,, 
L..J 

□ 
□ 
□ 

2 3 4 

MINUTES 

S 6 

ARMOURER HI 

ELECTRICIAN 1 1 

ENGINE MAN ,/1 

ENGINE MAN K2 

7 

NOT APPLICABLE OUTDOORS 

EJ:J 
E=:J AIRFRAME MEN i l 2, 3 & 4 

-E--i~-.... •-,:_,-_,t~,j AIRCREW 

L ; :F:-r , , l -- ,I , 1 mu1PMENT MAN 
::;:;:;:;:;::::::=.;::::;:::::;::::::;:;:------'---'-'-~~~ 
1:;;{,,,t:,,, ,,t {,:>.,v-·i;;r,I 

ARMOURERS #] , 2, 3 & 4 

!.<<,;~, ':~ l.,;<'c·i)c¥ ·,:,-k ·j ARMOURERS 1 1, 2, 3 & 4 

TIME NOT KNOWN BUT ONE MAN IS ALLOWED FOR FIVE MINUTES 

L '' ;:~ -t·+ +'t ~;' -- v_ • :, 

I. -"- ~T,,. -_,:~ --- r ,r_·,_,, ,,_;_;-,,, : ---- I 
AIRFRAME MAN Hl 

AIRFRAME MAN 12 

REPLENISH ENGINE AND GEAR BOX OIL I J ----d >- '} q ---;cv_ -f'<. ''"·· ! ENGINE MAN i'l 

INSPECT ENGINES [i:,,_V~;,,•;'id ENGINE MAN II 

8 

CONNECT /TEST/ REFUEL & DISCONNECT f;·cow L,_ 200_0_:CALLS,, !!OOG _'P.M. MEAN FLOY{ +:5-MiNS .. ,'-tDISC:QNCJ A/F MEN # & 4 

INSPECT AIRFRAME f;Y.;;,('U\'l AIRFRAME MEN K2, 3 & 4 

CHECK ARMAMENT CIRCUIT 

CH ECK CIRCUIT BREAKERS 

CONNECT ENGINE STARTER 

WITHDRAW COCKPIT LADDER 

ARM WEAPON PACK 

START ENGINES 

CHECK RELEASE OF GROUND COUPLINGS 

TAXI 2000 FEET TO RUNWAY 

[] 

ENGINE MAN i2 

AIRFRAME MEN Pi 2, 3 & 4 

ELECTRICIAN A'-1 

ELECTRICIAN j l 

c::J 
r.c~,,,i':J 

CJ 
PILOT & ENGINE MAN 11 I,:·-.---., 
ENGINE MAN H2 □ 

I 

"' ,q-

" TAXI-CAPABLE GOOD WEATHER OUTDOORS , 1 

TAKE-OFF CAPABLE 

TOTAL TEAM 

SAFETY EQUIPMENT -1 

ARMOURERS -4 

AIRFRAME - 4 (INCLUDES 2 REFUELLERS) 

ENGINE -2 

ELECTRICIAN -1 

TENDER DRIVER . ] 

CONTROLLER . ] SERVES TWO AIRCRAFT 

REFUEL WITH ONE TENDER AT 500 GPM/ MAX. AND ESTIMATED MEAN FLOW 400 GPM 

FIG.15 TURNAROUND TIME STUDY - FORWARD BASE - OUTDOORS 

I 
0 
M 
ai 
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As the est imated time is 8-12 minutes, there are 6 - 1/2 minutes in hand to 

allow for adverse weather and still complete the turnarounds within 15 

• + m 1n u .es . 

It sho u ld be noted that the proposed refuelling tender is of 3200 gallon 

capacity and that one tender will therefore be required to refill each a i rcraft 

t o t he combat mission load of 2026 gallons. 

6. 2 TURNAROUNDS AT MAIN BASE 

The RCAF has specified that turnaround at main bases should be performed 

under cover , and proposed that a type of turnaround hangar b e built to realize 

t he full turnaround capability of the ARROW . 

It i s sugges te d hydrant refuelling be incorporated at a flow r ate of l 000 gpm 

t hro ugh two hoses to each airc r aft. This will reduce to an estimated 700 

gpm due to shut - off of cert a in aircraft tanks as they become full, and this 

fi gure i s used in the calculation . 

The p rocedure to be adopted in the turnaro und hangar is simila r to that to be 

followed in th e field, i. e . the air c raft taxies into the hangar . Electr ical 

power and cooling air are plugged in prior t o shutting down the eng ines, and 

t he a i rc r aft i s then refuelled, rearmed and serviced. The aircraft may then 

be started and taxied out, or maintained at either read iness or standby . 

From F igure 16 which lists the operat ions to be performed , it i s calculated 

t hat an aircraft should be ready for taxiing in six m inutes. T hus , two a i r -

craft could be phased through one turnaround bay with in fifteen minutes and 

one servicing team could handle the two aircraft. 
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OPERATION 2 3 
MINUTES 

4 5 6 7 8 

DISARM WEAPON PACK 

2 CONNECT A.C. POWER pg ELECTRICIA #1 

3 CONNECT CONDITIONED AIR GJ ~NGINE . -I N #l 

4 CONNECT GROUND INTER-COM ~ ,,, ~NGINE Mf N #2 

5 CONNECT FUEL-VENT PIPES [:J ENGINE MAI N #2 

6 ENGINE RUN DOWN TIME ' ,•' • I 

11>.RMOURER 

I I 

13 
1 
LOAD REPLACEMENT PACK 

14 1 ALIGN VERTICAL AND HEADING 
REFERENCE SYSTEM 

I ·r ~- ARMOURERS 11, 2, 3 & 4 

TIME NT~~;~1B~T ~~:::AN IS A OWED FOIR FIVE :t:::E LN #1 

15 REPLENISH WATER 
I I 

16 REPLACE LIQUID O X. CONVERT. 

17 REPLENISH ENGINE AND GEAR 
BOX OIL 

,;•,/ ',,,.·, AIRFRAME MAN #2 

18 INSPECT ENGINES 

19 CONNECT, TEST, REFUEL, 
DISCONNECT. 

CONNECT 2000'GALL' ; =3'MINS Y DISCON. 

20 INSPECT AIRFRAME 

21 CHECK ARMAMENT CIRCUIT 

22 CHECK CIRCUIT BREAKERS & LIMITERS (I] 
23 I CONNECT ENGINE STARTER I 
24 REMOVE COCKPIT ACCESS STAND 

25 ARM WEAPON PACK 

26 START ENGINES 

27 CHECK RE LEASE OF GROUND 
COUPLINGS 

28 TAXI 2000 FEET TO RUNWAY 

: ~ ,r , _-,i __ : 

1•:F t 
f<·1 ,d 

ELECTRICIAN • 1 • 
I 

P_ILOT AND ENr NE MAN • 1 

I I 
ENGINE MAN 11 
I • I 

ENGINE MAN 11 
I I 

AIRFRAME MEN • 3. & 4 

I I 
AIRFRAME MEN • 2, 3 AND 4 

I I 

ELECTRICIAN lt l 
I I 

.ELECTRICIAN f l 
I I . 

ENGINE MAN • 2 
I o 

AIRFRAME MEN • 1 AND 2 

ENGINE MAN • 2 

AXI-CAPABLE "' 
"' ... 

TOTAL TEAM , SAFETY EQUIPMENT -1 
ARMOURERS-4 

TAKeloFF CAPA~LE 

AIRFRAME-4 . (INCLUDES 2 REFUELERS) 

ENGINE -2 
ELECTRICIAN - 1 

HYDRANT MAN-1 (SERVES 2 BAYS) 

CONTROLLER-l (S ERVES 2 BAYS) 

-0 

REFUEL FROM HYDRANT AT 1000 GPM/MAX. AND ESTIMATED MEAN FLOW OF 700 GPM 

FIG. 16 TIME STUDY-TURNAROUND IN PREPARED HANGAR 



Each team will consist of 14 men, as follows : 

Safety equipment worker 
Armourer 
Airframe 
Refuellers 
Engine Mechanics 
Electrician 
Hydrant operator 
Turnaround cont roller 

Total 

6 . 3 FlRST L l NE MAINTENANCE 

C 

1 
4 
2 
2 
2 
1 
1 serves 2 bays 
1 serves 2 bays 

14 

lt i s considered that t he p rimary inspection is the major function in 1st line 

ma intenance and is typical of the work, the ground support equipment and 

manpower requ ired . An assessment of the tasks to be performed has been 

made , u s i ng the ARROW 1 preliminary maintenance schedule , w ith d ue 

allowance for t he ASTRA 1 system and ot h er differenc e s between ARROW 1 

and 2 known to exist at p re sent . These tasks are list ed in Figure 1 7 as 

functions to be pe rforme d. No attempt has bee n made to determine an opti-

mum sequence, as it is felt that t h is can only be achieved realist i cally, by 

practi cal demonstration . Howev er , estimated times for pr imary inspection 

func tions for t h e var ious trade s are shown in Figure 1 7 . Thi s reveals that a 

pr ima ry inspection on the a i rcraft (le ss the ASTRA 1 system) may be corn-

pleted in about 1 hour 5 m inutes . However , it appears t hat 2 h ours 5 5 

m inutes may be nece ssary to complete a primary inspectfon on t he aircra ft 

when the ASTRA s ystem is included. Although the pr imary inspect ion cycl e 

will ultimately be much longe r, it is believed that the ARROW will be initially 

placed on a primary inspection cycle of 24 hours. lt follows therefore , that 

about three hours w ill be spent each day on t h is task. A p r eliminary report 
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THE FOLLOWING ASSUMPTIONS HAVE BEEN MADE IN THIS ANALYSIS 

THAT COCKPIT MAN A IS A SENIOR TECHN ICIAN 

THAT COCKPIT MAN B IS A SENIOR ELECTRONICS TECHNICIAN 

THAT UNKOWN ASTRA MAINTENANCE REQUIREMENTS WILL NOT BR ING TOTAL 

TIME OF PRIMARY INSPECTION TO MORE THAN 

2 HOURS 40 M INS 

THAT NO RECTIFICATION WORK IS NECESSARY 
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3001 - 105- 1 C2 

OPERATION 

ASTRA I ELECTRONI.C SYSTEM 

RADAR SUB· SYSTEM 

1 SEMI-AUTO TEST 

2 ANTENNA HYDRAULICS- LEV EL 

3 TRANSMITTER- POWER SUPPLY 
VOLTAGE TEST 

4 COOLING LIQUID- LEVEL 

COMPUTER SUB- SYSTEM 

1 SEMI . AUTOMATIC TEST 

2 PRESSURIZATION CHECK 
- DEHYDRATOR CRYSTAL CHECK 

INFRA-RED SUB -SYSTEM 

SEMI -AUTOMATIC TEST 

2 COOLING NITROGEN CH ECK 

MISSILE AUXILIARY SYSTEM 

1 SEMI - AU TOMA TIC TEST 

TELECOMMUNICATIONS 

1 AN/AIC- l0A FUNCTION 

2 AN/ARC- 52 U.H.F. FUNCTION 

3 AN/APX - 25A FUNCTION 

4 AN /APX-26 SELF TEST 

5 AN / APX- 27 SELF TEST 

6 A N /APX- 26 TRANSMITTER 
PERFORMANCE CHECK 

7 AN/APX- 26 RECEIVER 
FUNCTION CHECK 

8 AN/APX- 26 ELECTRICAL 
SYNCHRONIZER TEST 

9 AN/APX-27 TRANSMITTER 
PERFORMANCE CHECK 

10 AN/ARA-25 UHF/DF 
RECEPTION & ROTATION 

11 AN/ARN -6 RADIO COMPASS 
FUNCTION 

MINUTES 

2Q__30__30 

u 

50 2 HR. 10 20 30 40 -T~. 

C=:i) LECTRONICS • li AND • 3 ( ,i (S COCKPIT MAN© ) 

□ I I 
I ELECT~ONICS • ~ 

( ! ELECT~ONICS • 3 

@ ELECTRONICS ~3 

~~-~~(.l ELECTRONICS ~3 WITH COCKPIT MAN 0 
□ ELECTRONICS #3 

._F..._._·: .. ·,;,._,.· ..... -'-""'~ I E'LECTRONICS • 3 

Viq,'!I ELECTRONICS • 3 

so 3 fiR:, 

I:' -.:.' <I ELECTRONICS • 3 

ELECTRONIcs • IN codPIT 
I I I 

, .; .. ·I I l ELECTRON CS • 2 

I 1 1' ... _ ... 1_·. _______ _ 

I 

ELECTRONICS • 2 

~-~--·· ~_· l E( ECTRON ICS • 2 AND 4 (F IN) 

c=IJ ELECTRONICS • 1 A ND • 4 

I I i I 
I 

ELECTRON ICS • 1 AND • 4 
I 

I I ELECTRONICS • 1 AND •.4 

·! . '·d ! ELECTRONICS • 4 

E] ELECTRONICS i' l A ND 4 

~: •: :j ELECTRONICS 
• I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS (CHART 2 OF 10) 
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U C I 
300 1-105 - 1 C3 

OPERATION 
MINUTES 

10 20 30 40 SO 1 HR. 10 20 30 40 so 2HR. 10 20 30 40 SO 3HR . 
I I I I I I I I I I I 

I I 
I 

I 
I I 

DOPPLER TEST NOT KNOWN AT PRESENT 

I i I I VERTICAL HEADING AND 
I 

REFERENCE SYSTEM 

I 
I 

I 
AUTOMATIC FLIGHT CONTROL 

SYSTEM TEST 

I 
r I I t ·-•:f"cl : ... , 

• 2 AND DAMPING SYSTEM TEST ELECTR0NIC • 5 

I 

DEAD RECKONING COMPUTER TEST 

RADAR HOMER AN/ARD 501 

I" 
I 

I 
I - I 

I 
I 

I I 

NOTE, 

I 
IT IS ASSUMED THAT TESTS 

ON THE ABOVE Will BE CARRIED OUT 

I BY COCKPIT MEN A AND B AND 
I ELECTRONICS MAN • 5 AND THAT THE TIME 

I TAKEN WILL NOT BRING THE AGGREGATE 

I BEYOND 2 HOURS 40 MINUTES. 

I TOTAL ELECTRONICS TEAM 5 MEN. 
I 

I I 
I 

I 
I I 

I 
I 

I 
I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS (CHART 3 OF 10) 



U C 
3001 - 105-1 ~4 

OPERATION 
MINUTES 

10 20 30 40 50 lHR . 10 20 30 40 50 2 HR. 10 20 30 40 50 3 HR. 
I I I I I I I I 

I 
I I 

I ENGINES 

1 INTAKE DUCTS 

} 
re E NGII ~E [MAt l I I -

COMPRESSOR INLETS VISUAL I 
ACCESS STAND I I 

2 ENGINE BAY PIPING } =~ ~N 
i:, r 

t,A ' } 1 
I 

I ACCESSORIES VISUAL 

I 
ACCESS DOORS 

I 

I 

EE Nt l 
I 

I 
3 ENGINE BAY DRAINS l VISUAL 

I 
DE JE Ml\~ l 

I 

THROTTLE LINKAGES I 
I 

ACCESSORY DRIVES I 
ACCESS DOORS 

4 IGNITER$ FUNCTION 

I r 
E~ C INE i,\.l\N # 

5 AFTERBURNER 
} VISUAL 

t::N; I 

GINE T EN , t l 
TAIL PIPE 

PIT tl 3RD STA GE TURBIN~ ,.,.., 

8 6 POWER LEVER FUNCTION WITH 3 ,i;;( 00 

I I 

I I I 
I 

I 
SAFETY EQUIPMENT 

1 CHECK SEAT SAFETY PINS □ C p d K 
ITIM 

N ( ;;:, A ND ( ~1 
I 

□ 
J 

2 SEAT VISUAL 

~b 3 PARACHUTE } C 
b~I SEAT HARNESS VISUAL 

ICC 
C PI 

+ 
) N I 

EMERGENCY OXYGEN I 

,\E l l J~ 4 DRAG CHUTE MECHANISM EI 
C 

SAFE ~y E 
11 5 LOAD DRAG CHUTE 

I I ARMAMENT 

I 1 DISARM PACK 

"'"") 
I 

I 

2 UNLOAD PACK 

3 CHECK ATTACHMENTS J J RMC U~H 
S t l . 

2r t ( 

4 

J, J 4 CHECK ARM CIRCUIT 

t 
I 

5 LOAD REPLACEMENT w ~El T 
Mo.t AN D ~LI 11 N AfE Fl~I 

HJ D 

I~ V 1 EAP A +K BJ y 
PACK 

INSTRUMENTS 

□ L T~W 
I 

of 
,t l SKIN TEMP. SENSOR VISUAL ,E r 

I',., E #l 

2 PITOT / STATIC LE AK TEST :s 
3 PITOT HEATER FUNCTION t] 

I 
I· 

4 COCKPIT INSTRUMENTS VISUAL 13 

I 
,o :KPI ME ~~ JAN ri I 

5 LIQUID OXYGEN CONTENTS 

\ 
. 

GAUGE CHECK I 

I 6 FUNCTION OXYGEN 
I I I I. 

I I REGULATOR USING MASK ' I I I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS (CHART 4 OF 10) 

·S SD 



3001 - 105-l ·c; 

OPERATION MINUTES 
10 20 30 40 50 !HR. 10 20 30 40 50 2HR. 10 20 30 40 50 3HR. 

AIRFRAME NOSE I I I I 
I I I I I I 

I 

1 NOSE LANDING GEAR CLEAN 

I 

TIRES CHECK AND CHARGE I 

I 

I 2 LANDING GEAR NITROGEN CHECK 

3 FLYING CONTROLS CHECK I 

4 HYDRAULIC COMPONENTS-VISUAL 
f .,f;·-i.}.',, ;,;1,) AIRFRAME MAN # l 

I 5 ELECTRONICS ACCESS DOORS. 
I I 

I 
I I 

REMOVE AND REPLACE I 

6 WORKSTAND PLACE AND REMOVE I 
I 

ARMAMENT BAY ROOF 
1 FUEL LEAKS VISUAL I 
2 BRAKE CONTROL VALVE VISUAL I 
3 MANUAL DUMP VALVE VISUAL h&r~<t AIRFRAME MAN #2 

I 4 HOT AIR FILTER VISUAL I 
I 

I I 5 WEAPON PACK ATTACHMENT I 

VISUAL 

I I 6 WORKSTAND PLACE AND REMOVE 

I DUCT BAY I 
I 

I 

l ACCESS DOORS l , 2. 3 
I REMOVE AND REPLACE I 

2 FUEL TANKS DRAIN 
I I 

CONDENSATE 

3 FUEL TRANSFER PUMPS I 

4 FUEL PRESSURE VISUAL 
(< '.' .:f.,;{ ;/) 

I I 
REGULATORS AIRFRAME MAN #2 I 

5 DIFFERENTIAL AIR AND 

I 
I 

PRESSURE REGULATOR I 

6 PRESSURE RELIEF VISUAL 
VALVE 

I I I 7 FUEL PIPING 

I I I 8 FUEL LEAKS VISUAL 
I 

I 

I I 

I 
I I 

I I I I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS(CHART S OF 10) 
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OPERATION 

FUSELAGE DUCT 

1.ELECTRONIC EQUIPMENT ACCESS 
DOORS REMOVE AND REPLACE 

2. HYDRAULIC ACCUMULATORS 
COMPENSA TORS 
BLEED/PRESSURIZE/TOP UP FLUID/ 
CLEAN/ VISUAL 
POSITION AND REMOVE 
HYDRAULIC BLEED & CHARGE RIG 
NITROGEN TROLLEY 

3. OIL/FUEL HEAT EXCHANGERS 
SPEED BRAKE SELECTOR VALVE 
LANDING GEAR SELECTOR VALVE 
EMERGENCY EXTENSION 
BYPASS VALVE 
HIGH PRESSURE FILTER 
PRESSURE CONTROL VALVE 
SPEED BRAKE ACTUATORS 
THERMAL BY-PASS VALVE 

VISUAL CHECK ON ABOVE 

4. L.P. FUEL SHUT-OFF AND CROSS-FEED 
AND ISOLATION VALVE. CHECK IN 
CONJUNCTION WITH COCKPIT 
CONTROL 

ENGINE BAY 
1. ACCESS PANELS NOS. 1, 2, 3, & 4 

REMOVE AND REPLACE 

2. AIR PRESSURE REGULATORS VISUAL 
RELIEF VALVES AND PIPING 

HYDRAULIC PUMPS 
3. ACCUMULATOR } 

PRESSURE SWITCH VISUAL 
HIGH PRESSURE FILTER 

4. ACCUMULATORS 
COMPENSATOR$ BLEED, 
PRESSURIZE TOP-UP FLUID 
VISUAL AND CLEAN 

5. AILERON AND ELEVATOR 
PARALLEL SERVO VISUAL 

10 20 30 40 50 
I I I I 

~ I 

El 

I I I I 

MINUTES 

lHR . 10 20 30 40 50 2HR. 10 

I 11 I j' I I 

!A. IRFRAME MAt #l 

I 

I IRFt ME I MAN #l 

I : 

l<\IRFRAME MA~ #l 

I i I 
I 

AIRFRAME MAN #l 
' 

I I 
A IRFRAME MAN #2 

I I 
AIRFRAME MAN 12 

t RF1 ME MAN #2 

I I ' ' 

[

IRFIMME M~J\ #2 

p.lRFRAME MAJ\ #2 

I 

i I I 
I 

I I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS ( C HA'RT 6 OF 10) 
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OPERATION 
10 20 

WING (ONE SIDE) I I 
1 MAIN LANDING GEAR LIQUID SPRING !CLEAN 

COMPENSATOR; TIRES; AND 
STRUCTURE; DOORS; VISUAL 
WHEELS AND BRAKES 
PRESSURE CHECKS , 

2 MAIN JACKS }VISUAL 
DOOR JACKS AND 
UP LOCKS CLEAN. 

3 REFUELLING ACCESS DOOR } 
REFUELLING ADAPTOR AND CAP VISUAL 
GATE VALVE I 
CONDENSATE DRAIN NO. A DRAIN 

TANK 

A INTEGRAL FUEL TANKS-
-FUEL LEAKS 

CONDENSATE DRAIN , 3, 5, 
6, 7 , 8 TANKS DRAIN 

5 REFUELING CONTROL PANEL 
VISUAL 

6 ELEVATOR AND AILERON 
CONTROL BOXES LEAKS 

WING (OTHER SIDE) 

SAME AS ABOVE 

DORSAL AREA 
1 PLACE LEADING D 

EDGE ACCESS LADDER 

2 PLACE WALK MATS B 

3 AIR CONDITIONING EQUIP. VISUAL li5J 
A WATER BOILER VISUAL [I 

5 OXYGEN CONVERTOR B 
STOWAGE VISUAL 

6 ACCESS FAIRINGS VISUAL 

7 REMOVE LADDER AND MATS 

I 

I 

I 
I 

I I 

30 40 50 

I I I 

Em 
I 

MINUTES 
1 HR . 10 20 30 40 

I 

[l'iJ AIRFRAME MAN r 1 

I I 

: I 

I 

ml AIRFRAME MAN Wl 

Ii'! 

m 

AIRFRAME f 3 

I I 
AIRFRAME f3 

:,:::±: :: 
AIIRFRl ME p 

+•Lp 

I 
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50 2 HR, 10 20 30 40 50 3 HR. 

I I I I I I I I 

I 

J,.,T MAN • 

All FRA1 E M~ N # 

AIRFRAME MAN • 11 
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I I 

I 

I 

I 
I 

I 

I I 

I 
I I 
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FIG. 17 TIME STUDY - PRIMARY INSPECTIONS ( CHART 7 OF 10) 
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OPERATION MINUTES 
10 20 30 40 50 lHR. 10 20 30 40 50 2HR. 10 20 30 40 50 3HR. 

I I ' 
I I I I I I I I 

I EMPENNAGE 

I I 1 PO SITION FIN ACCESS PLATFORM 
A RF Rt ME I ~AN • 3 

2 FIN VISUAL I Iii 
I g I 

3 RUDDER CONTROL BOX LEAKS I 
I 

I 

VISUAL El 
I 

I 

4 ACTUATORS 

5 PANELS, ELECTRONICS 

a. 
. 

REMOVE AND REPLACE 
I 

6 REMOVE FIN ACCESS PLATFORM 

COCKPIT 

A i D 
1 W INDSHIELD / CANOPY / FLOOR 

I 

COCK "N@ ~ IT M VISUAL AND CLEAN 

I 2 CONTROL COLUMN AND RUDDER 

I I BAR FUNCTION IN CONJUNCTION 

I W ITH OUTSIDE OPERATOR 

3 L.P. FUEL SHUTOFF COCK AND 
CROSS FEED SELECTOR. FUNCTION 

" IN CONJUNCTION WITH OUTSIDE 
OPERATOR. 

I 

I 
4 FUEL CONTENTS VISUAL I 

I 

I 

I 
I 

I 
I 

I 

I I I I 

I I I I 
I 

I I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS (CHART 8 OF 10} 
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OPERATION MINUTES 
10 20 30 40 50 lHR . 10 20 30 40 50 2HR. 10 20 30 40 50 3HR . 

~------------➔--r-r--i-,-,--.--r.,.....,-,-,-
ELECTRICAL 
NOSE 

1 BATTERY 
I 

VISUAL ELECTRICIAN • 1 

2 WIRING VISUAL IJ 

3 RADAR NOSE AIR CONDITIONING m 
VALVE SWITCH AND LISTEN 

A RAM AIR VALVES SWITCH AND a 
LISTEN 

5 LANDING GEAR LOCK 
MICRos·w i TCHES 

TRANSFORMERS 
CIRCUIT BREAKERS 
LANDING AND TAXI LIGHTS VISUAL 
PANEL E3 AND E6 
TERMINAL STRIP ES AND E9 
MASTER WARNING BOX 
ELECTRICAL CONNECTORS 
AND WIRING 

ARMAMENT BAY 
1 ACCESSORY PANEL 

DISTRIBUTION PANEL 
TERMINAL STRIPS 
WIRING 

DUCT BAY 

VISUAL 

l MAIN REFUEL A ND TEST PANEL 
MAIN POWER PANEL 

GROUND FAULT Re LAYS 
TRA NSFORMER RECTIFIERS 
W IRING 
CONNECTORS VISUAL 

2 FUEL TRANSFER PUMPS 
SWITCH AND FUNCTION 

3 FIRE EXTINGUISHERS TEST SWITCH 
FUNCTION 

ENGINE BAY 

1 FIRE EXTINGUISHER BOTTLE SECURITY 
AND PRESSURE CHECK 

2 WIRING AND CONNECTORS VISUAL 

7 
I 

fJ 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS ( CHART 9 OF 10) 
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OPERATION 

ENGINES 

I.ELECTRICAL CONNECTORS AND 
WIRING IGNITERS ETC. 

WINGS AND FIN 

1. NAVIGATION LIGHTS 

2. LANDING GEAR 
MICROS WITCH 

VISUAL 

VISUAL 

3. ELECTRICAL CONNECTORS 
AND WIRING VISUAL 

4. REFUELLING PANEL LIGHTS 
AND SWITCHES FUNCTION 

COCKPIT 

1. FIRE DETECTION 

2. COCKPIT LIGHTS 

3. BAILOUT WARNING LIGHTS 

TEST 

TEST 

4. NAVIGATION AND 
LANDING AND TAXI LIGHTS TEST 

5 . CANOPY ACTUATORS 
INTERNAL AND EXTERNAL TEST 

6. DRAG CHUTE SOLENOID TEST 

FINAL 

1. SIGN Ll4 OR EQUIVALENT 
MAINTENANCE CARDS 

2. TURNAROUND COMPLETED 

10 20 30 40 50 

fl 

u 

2 HR. JO 20 30 40 50 3 HR. 

ELECTRICIAN , 1

1 

I 

COCKPIT MAN 0 AND© 

~ OCKPIT MAN @AND© 

COCKPIT MAN ;@AND CD 
iCOCKPIT MAN 0 ,!\ND© 

COCKPIT MAN @ r D © 

I I 
I I 

I 

FIG. 17 TIME STUDY - PRIMARY INSPECTIONS (CHART 10 OF.10) 



u 
on the ASTRA maintenance, recommends that this equipment should have a 

primary inspection every 48 hours. Consequently, it is desirable that the 

ARROW match this as soon as possible. 

While the aircraft is on primary inspection, it appears desirable that a senior 

technician (basically an airframe technician), should occupy the front cock-

pit to perform complete cockpit checks, plus an electronic specialist in the 

rear cockpit. 

The number of men necessary to perform the primary inspection has been 

calculated from the tasks to be performed (as listed in Figure 17). The 

team is as follows: 

Electronic mechanics 
Electricians 
Airframe mechanics 
Engine mechanics 
Instrument mechanics 
Safety equipment worker 
Electronic technician 

(rear cockpit) 
Controller, senior 

technician 

1 

-t ,o~, W,.,,; , 1.4-
~ 

Refuelling and reloading have not been included in the figures above . These 

Total 14 

functions are considered as part of the turnaround, and it will be advisable 

to complete them before commencing the primary inspection. Rearming and 

the replacement of the liquid oxygen converter would of course be performed 

after the primary inspection was completed. 



SECRET 

u 
7. 0 HANGARS 

7. 1 OPERATIONAL REQUIREMENTS 

Specification AIR 7-4 Issue 4 states that the building facilities for one squad­

ron will consist of the following: 

(a) Hangar(s) to accommodate two aircraft at standby 

(b) Hangar(s) to accommodate five aircraft undergoing turnaround or first 

line maintenance. 

(c) Hangar(s) to accommodate seven aircraft undergoing 2nd or 3rd line 

maintenance. 

This was based on a squadron strength of 12 operational and 2 trainer air­

craft. 

However, the specification will be amended to show a squadron strength of 12 

aircraft disposed as follows: 

(a) Two aircraft in the standby hangar(s) 

(b) Four aircraft in the turnaround and 1st line maintenance hangar(s) 

(c) Six aircraft in the 2nd line maintenance hangar(s) 

This aircraft distribution assumes a 50% aircraft availability for 1st line 

activity. However, this figure can be expected to improve and 75% should 

be considered as a reasonable wartime objective. 

7. 2 PROPOSED HANGAR SIZES 

7. 2. 1 COMBINED TURNAROUND AND 1st LINE MAINTENANCE HANGAR 

To meet the 100% covered space requirements for aircraft undergoing 1st 

line maintenance and to satisfy the turnaround specification, this hangar 
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CONDENSERS FOR EXHAUST FROM 

COOLING / STARTERS 
AIR EQUIPMENT ~ 

.. , .... ,, , , .... , . 

NOTE, ANTI BLAST WALLS BETWEEN BAYS MAY BE DESIRABLE TO ISOLATE 

RISK AND REDUCE NOISE. IN THIS CASE THE MACHINERY MUST BE 

SPLIT AND DOORS THROUGH PROVIDED. 
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________ T ________ _ 
AIRCRA FT AIR CONDITIONING SYSTEM IN LET 
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AIRCRAFT A .C. ELECTRICAL 

PLUG ( 200/ 115V 400 CYCLE ) 

EXHA UST 
THROU G H 

ROOF 

A NTI . BLAST 
W ALL "-. : 

SERVICES IN TRENCH ES 
UNDER FLOOR 

---------i ----------., 

i------- 84'-0" ______ _, 

I 
-84'-0"--! 

-------- 96"- 6" -------- -------- 96 ' -6 "--------
1 

,., . ·c,c. l I I I I I I I I I 

y l I I I JOIJ rTl OJ 

FRONT ELEVATlm 

D 

G 

M N 0 

~ 

~ 
J 

,========'=, "] 

----------100'-0"--

---------------------------------------------- 486' --

KEY 

A SPARE H WASHROOM 

B L 14 WOMEN "S LOCKE 

C LINE CREW K WASHROOM 

D MAINTENANCE CONTROL MEN 'S LOCKERS 
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FIG. 18 POSSIBLE LAYOUT FOR COMBINED TURNAROUND AND 1ST 
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will have to incorporate separate bays, large enough for engine changing for 

which 30 feet is required behind the aircraft. Space will be required for 

servicing equipment, personnel, spares, sub-stores and offic e s. 

The hangar and its associated services are illustrated in Figure 18 . It 

should be noted that the blast wall in this illustration separates each p air of 

bays from the shop area only. 

7 . 3 HANGAR LOCATION 

Tw o points di c tate the optimum sites for 1st line hangars. These ar e: 

(a) Department of Transport regulations . 

(b) The noise nuisance factor. 

Condi t ion (a) 

The D e partm ent of Transport regulations require that hangars should not be 

sited within 1000 feet of the centre line of runways. It will be seen fro m 

Figur e 19 that this requirement is met in the proposed layout of an ideal air 

base for the ARROW weapon system. 

Condit i on (b) 

The n ois e nuisance factor associate d with a single ARROW 2 at take -off is 

p resente d in Tables 1, 2 and 3. These figures have been derived from 

emp irical rule s but ar e , however, believed to be suffic iently accurate for 

this apprais a l, pending the publication of field trials results. These trials 

were r ec ently conducted on an Iroquois e n g ine at RCAF station N orth Bay. 

It w ill be s een from Tabl e 2 that at 1 500 fe e t from the centre line of the run-

w ay, a nois e l e v e l of 123 d e cibe ls m a y b e expected in st ill a ir. Attenuation 

due t o distance would b e fu r the r varied by weather conditions and t he 
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insulating effect of buildings. For example if this level reduces to 118 

decibels, a noise level is achieved comparable to that which may be expec-

t e d within the turnaround hangar from aircraft taxiing in and out. 

Table 1 

SOUND PRESSURE LEVELS AT TAKE-OFF 

ENGINES CONDITION STATIC THRUST NOISE 
PER ENGINE LEVEL AT 150 FEET 

2-Orenda Afterburner 

Iroquois OFF 18,400 lb 141 decibel 

2-Orenda Afterburner 25,000 lb 148 decibel 

Iroquois ON 

Table 2 

ATTENUATION DUE TO DISTANCE 

NOISE LEVEL 
DISTANCE DECIBEL DROP AFTERBURNER AFTERBURNER 
(FEET) OFF ON 

150 NIL 141 148 
22 5 2 139 146 
300 6 135 142 
500 12 129 136 

1000 20 121 128 
1500 25 116 123 
2000 30 111 118 
2500 33 108 115 
3000 36 105 112 
4000 42 99 106 
5000 48 93 100 
6000 53 88 95 
7000 60 81 88 



Table 3 

INTERPRETATION OF NOISE LEVELS 

DECIBELS 

70 
80 
90 

100 
110 
120 
140 
150 

LEVELS 

Avera g e s t reet 
Noisy office 
N oisy factory 
Boiler factory 
Annoyance level 
Discomfort level 
Pain threshold 
Mechanical dama ge thr e shold to 

human tissue 

The maximum n oise level occurs at approximately 135° and 225 ° from the 

aircraft heading . Consequently, a distance of 1500 feet along either o'f these 

lines will give a distance of 1500 ,,J--Jz , say 1000 feet from the line of 

travel of the aircraft. 

The performan c e of 1st line m aintenance in the turnaround hangar will neces-

sitate the hangar being sited farther from the main runway, than if it was 

reserved for turnarounds only. In order to obta in attenuation of take-off 

noise to 115 db, it will be necessary to site the hangar at least 2, 000 ft from 

the main runwa y . 

The 2nd line maintenance area will be at l east 2, 000 ft from the turnaround 

area, and 4000 ft from the main runway in order to reduce the noises from 

these source s to approximately 103 db . This noise l e vel is estim ated to 

occur approximate ly nine times p e r da y , i. e . , the peace time numbe r of 

daily sorties, per squadron . 



7. 4 LlGHTlNG AND HEATlNG 

7. 4. 1 LlGHTlNG 

(a) No new major lightin g requireme nts ar e necessary in the ex isting RCAF 

hangars for 1 st line maintenance , but all lightin g in t he turnaround 

hangar should be explosion proof in view of the lar ge quantity of fuel 

(b) 

to be handled at turnarounds. 

The hydrant pressure-refuelling proposed for use in the turnaround 

hangar comprises a completely closed ci rcuit with the aircraft fuel 

tan ks being vented to atmosphere by extractor fans throu gh fl e xible 

piping. However, it is recommended that all li ghting be explosion 

proof to reduce the fire risk - if a fuel leak did occur durin g refuelling 

it would be at very high flow rate. 

Explo sion proof, portable underwing li ghting is desirable for 1st line 

ma intenance in view of the high wing construction of the ARROW and the 

fact that most of the work will be carried out from under the aircraft. 

(c) Taxiin g into the turnaround hangar at ni ght would be facilitated if the 

internal hangar lights were arranged to form a centre line, i . e. a 

g uide line for the pilot. 

7. 4. 2 HEATING 

The temperature in the combined turnaround and 1st line maintenanc e hangar 

should be at l east 50°F. This will provide a comfortable working tempera ­

ture and pre vent freezing of the water supply lines for replenishing the air ­

craft's water boiler. 



7. 5 EQUIPMENT INSTALLATION 

The equipment, comprising engine starters, air conditioning plant and a - c 

generators should be readily removabl e for overhaul. The cooling air, 

starting air and fuel venting pipes should be ducted under the hangar floor 

to locations under the aircraft. Flex ible hoses would be run from the s e out -

lets. Refuel hoses and power l eads would b e reeled out fro m the hangar 

wall. 

The position of the aircraft in the hangar will be constant and the relative 

positions of the gro und service connection s on the aircraft are shown in 

Fi g ur e 13. 

The connections at the aircraft, reading from the front of the aircraft to 

rear, ar e summarized in the followin g table : 

2 

GROUND SER VICE 
CONNE CTION 

Nose l eg receptacle 

Wiring 

Quantity - 1 p e r A /C 

Air conditioning supply 

Hos e 
Quantity - 2 p e r A/C 

DETAILS OF CONNECTION 

Lanyard operated qu ic k disconnect plug 
to AVRO STAN DARD 2 CS-C-142 
Plug manufactur e d b y E . B. Wi ggin s 
#9500 A 5V. 

Automatic quick disconnec t couplings 
to AVRO Dwg. 7-2252-1 9 8 
3- 1/ 2 inch dia . insulate d 
fl e x ible hos e 



3 

4 

5 

6 

7 

GROUND SERVICE 
CONNECTION 

A-C supply 

Wiring 
Quantity - 1 p er A/C 

Static dischar ge A/C to 
hangar floor 
Quantity - 1 p er A /C 

Eng ine starting, com­
pre s·sed air connections 
(2) 
Hoses (2) 
Line diagram - Starting 
air supply to two bays 

Refuel nozzle (hose) 
R e fuel adaptor (aircraft) 
Quantity - 2 per A/C 

Fue l tank -vent outlets 

Quantity - 2 per A/C 

DETAILS OF CONNECTION 

ARROW 1 AM 3430 - complete with cable 
in standard l e n gths 
ARROW 2 AVR O Standard CS-P-123 
complete with cable 
(This ite m not yet qualifi e d) 
AVRO Dwg . 7-4427-7 9 and AVRO Spee . 
E -531 

Quick disconnect, static coupling 
complete with cable. 
Appleton El e ctric Co. Type #9386 

Lanyard-operated, quick-disconnect 
coupling, Wi gg in s# GSC-141-3A 
3-1/2" insulated, flexible hos e s 

MIL-N -5878 A (to mate with A / C adaptor 
MIL-A-5878 B) 

Figure 9. 
NOTE : The hangar fuel tank vent outlet 

must be pr ot ected b y a safety gauze 
to eliminate possibility of ignition 
flash back to the venting s y stem 

Controls for engine starting, intercom. and t e l e s crambl e should be ro uted to 

a control room. The control room should be w e ll insulate d against aircraft 

and e quipment noise ·, · lt is sugge sted that this room be constructed of 

metalclad, soundproof material similar to the soundproof rooms manufactur e d 

b y lndustrial Acoustics Co. Inc . , New York or Kopper s Co. lnc., Baltimore. 

These vendors offer what appears t o b e suitabl e soundproof rooms with 

attenuation of bette r than 40 d ecib e ls, partic ularly in the freq u en c y range s 

which would effect voi ce communication . " Noise lock" windows and doors 



are also available plus "quiet duct" ventilators for use when the doors are 

closed. As noise levels of up to 120 decibels may be expected in the turn-

around hangar during taxiing away a reduction in noise l e vels down to 80-85 

is essential if communication is to be maintained . 

The catwalk from the crew room to the cockpit should be suspe nded from the 

roof to permit a clear taxi-way for the aircraft after completion of the turn-

around. The end of the catwalk must be retractable to ensure adequate tail 

clearance, and it is suggested that at least ten feet of the catwalk should be 

either capable of withdrawal or hoisting back to the vertical position. 

7. 6 POWER REQUlREMENTS 

7. 6. 1 TURNAROUNDS ONLY 

During turnarounds the ASTRA I syste m will be maintained at standby. Con­

sequently a 550 volt 60 cycle 3 phase power supply will be required to each 

aircraft as follows: 

(a) 

(b) 

(c) 

( d) 

400 cps generator (output 40 KVA) 

Cooling air machinery (esimated) 

28 volt d-c 50 amp (rectified) 

Hydrant refuel pumps 2 per aircraft 
{estimated 30 KVA per pump delivering 
500 gpm at 70 psi.) 

Total 

50 KVA 

- 134 KVA 

- 1. 5 KVA 

60 KVA 

245. 5 KVA 

For a four bay-turnaround hangar in which four aircraft are being turned 

around simultaneously, a total of 982 KVA will be required. The other 

hangar s e rvices such as lighting and heating which have not b een include d 

should b e adde d to this total. 



7. 6. 2 1 st LINE MAINTENANCE 

For 1st line maintenance, 550 volt 60 cycle 3 phase electrical power outlets 

will b e required at each aircraft position to operate g round s ervicing rigs, 

in addition to the a-c power and cooling air . These are as follows :-

(a) 

(b) 

( c) 

( d) 

(e) 

(f) 

400 cps generators (output 40 KVA) 

Cooling air machinery 

28 volt d-c 50 amp (r ectifie r) 

4000 psi hydraulic ri g 

Radar hydraulic rig 

N itro ge n compressor 

Total 

50 KVA 

134 K VA 

- 1. 5 KVA 

- 105 KVA 

5 K VA 

14 KVA 

309. 5 KVA 

ln addition, 110 volt 60 cycle outlets will be required for electronic t e st 

equipment at 10 KVA. 

ln a 4-bay turnaround hangar, in which m aintenance is to be performe d , each 

bay should b e equipped with outlets for the above equipment, but is is unlike l y 

that each bay would consume maximum power simultane ously . 

Assumin g that two aircraft are on turnarounds and two on first line mainten-

a nce , t h e total load for four bays would be as follows : -

2 turnarounds at 245 KVA each = 

2 1st line maintenance at 309 KVA e ach 

Total 

490 KVA 

618 KVA 

1108 KVA 

T he other hangar s ervices such as li ghting, heating a nd power to o l s wh ich 

have not been included should b e adde d to t his total. 
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An emergency supply should be provided as insurance against main hydro­

electric failure. 

7. 7 HYDRANT REFUELLING 

7. 7. 1 THE CASE FOR HYDRANT REFUELLING 

Hydrant refuelling is proposed for use in turnaround hangars at air bases 

which are to be equipped with ARROW 2 squadrons. This is the most econo­

mical and efficient method of dealing with the large quantities of fuel involved 

in the daily operation of interceptor squadrons, using high performance gas 

turbine aircraft. The main advantage of the hydrant system is its ability to 

handle the large quantity of fuel involved at all times, and at delivery rates 

in excess of that proposed for the squadron tenders. The daily quantity of 

fuel required by two squadrons operating at 25 combat missions per day at 

the present combat fuel load, is 25 x 2026 Imperical gallons, i. e. 50,650 

gallons. (It should be noted also that the combat fuel load is likely to be 

increased on subsequent marks of ARROW) . 

7. 7. 1. l Tender Requirements 

The proposed tender will have a capacity of 3,200 gallons and a delivery rate 

of 250 gallons per minute through each of two hoses. Each tender can serve 

one aircraft through two refuelling points. Thus four tenders will be 

required per squadron to actively support the turnaround hangar to meet the 

specification that four aircraft be turned around in fifteen minutes. Con­

sequently on a two squadron airbase eight tenders will be required. Since 

one tender can fill only one aircraft to the combat load of 2,026 gallons, it 

follows that a redeployment of tenders must be made to meet a succeeding 

wave of four aircraft. In this case, two tenders will be required per aircraft 



u:cr 
as the tenders now only hold 3200 - 2026 = 1174 gallons . The e ig ht tenders 

would then need r e plenishing from bulk stock. Replenishment of these eight 

tenders would be r e quired twi ce a day, on the bas i s of tota l fuel required per 

day, divided by total tender capacity as follows : 

25 sorties (2 squadrons) x 2026 gallons per sortie 

8 tenders x 3200 gallons each 

= 50,650 i. e. 2 refills are required. 
25,600 

During these two refuelling periods there would be no refuelling facility avail -

able at the turnaround hangar, unless four more tenders w e re stading by, 

already filled, while the eight empty tende rs were being refilled. 

The total number of tenders required will therefore, be 12 plus one in 

immediate res e rve. This fi g ure does not allow for rotation throug h the 

garag e for periodic maintenance . At this minimum figure of 13 t e nde rs, the 

t otal capital outlay is estimated to be $312,000. The cost of garage and 

ma intenance faciliti e s, spares, overheads and lab o ur must be added to this 

figure. 

7 . 7. 1. 2 Hydrant Requirements 

The h y drant system only requires the following : 

(a) Satellite storage tanks located near the turnaround hangar. 

(b) 16 pumps at 500 gpm each (i . e. two for each o f eight turnaround bays) . 

These pumps plus two re s e rve pumps , would b e locate d in a p ump 

house near the satellite t anks . 

(c) Piping from the satellite tanks to the aircraft . 

(d) Pumps and piping from the bulk sto re to the satellite tanks. 



(e) Dispensers with filters, water separators, air separators and flow 

meters. 

The pumps proposed for the h y drant s y stem would be capable of deli vering 

500 gallons per minute per hose, making a total of 1000 gallons per minute to 

each aircraft. The aircraft has been designed to receive fuel at 1000 gallons 

per minute through two refuel points at 50 psig at the nozzle with a desirable 

maximum surge pressure of 90 psig (but not exceeding 120 psig). 

It is evident that the hydrant system will double the tender delivery rate. 

This is mainly due to the fact that a large r pumpin g station may be us ed than 

could be transported in a tender. 

Other advantages of the hydrant system are : 

(a) Elimination of the eight tenders, which are major items requiring 

large space for manoeuvring, with consequent hindrance to other 

ope ration s. 

(b) Subject to furthe r investi gation, the possible elimination of cooling 

requirements for the fuel. The fuel in the aircraft tanks should n ot 

exceed 70 ° F prio r to take-off on a mission involving fli ght at Mach 2 

o r l 10 ° F prior to take-off on missions involving flight at Mach 1. 5 . 

Fuel in tenders standing in hot sun can attain l 10°F and althoug h this p ro­

blem will require a solution for forward bas e activities it can be minimized 

by the use of hydrant supply from buried storage tanks and delivery line s, 

at main base. 
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7. 7. 2 ESSENTIALS OF PROPOSED HYDRANT REFUELLING SYSTEMS 
(FIG URE 20) 

(a) Main Storage Tank Area 

This area contains the main tanks which may be above or below ground . 

The location of the area will be dictated by the geographical character-

istics of each air base and the local facilities for receipt of bulk 

supplies. 

It is desirable that these tanks be below ground to ensure a supply of 

cool fuel. The size of the tanks will be dictated by operational con-

siderations. This will be based on the number of sorties to be flown 

from the air base, the combat role fuel load and the duration of combat 

conditions which it is desired to maintain, without the need for bulk 

replenishment. As this information is not yet available, the following 

examples of fuel quantities involved, have been based on 25 training 

missions per day, per two squadrons. 

Assuming a 20 day period of sustained hostilities without replenishment 

of the main base supply , the bulk store would require a capacity of 

1,013,000 gallons. i. e. 20 days at 25 sorties per day using 2026 

gallons per sortie. 

(b) Satellite Tanks 

The satellite tanks would be required as close to the turnaround 

hangar as possible in order to minimize the delivery line length. 

The satellite tanks will be replenished at a lower rate from 

the main storage tanks, by pumping units located at the main 



bulk store. The capacity of the satellite tanks will be determined 

by the daily consumption rate and the du r ation of time considered 

tole r able for isolation from the b ulk suppl y . 

Assumin g a three day isolation from main tank area, the c a pacity of 

satellite tanks would be 3 days at 25 sort ie s pe r day using 2026 gallons 

each sortie = 151 ,95 0 gallons. 

(c) Pump Houses 

A pump house is required at each of the storage tank areas . The main 

bulk fuel store pump h o use will be capable of m aintaining t he sate llite 

tanks full at all times. This will ensur e that full capacity is available 

at the satellite tanks in the event of any failure or breakdown in the 

fuel supply s ystem . 

The satellite tank pum p h o use will d eliver fue l a t 500 gpm through each 

of t wo lines t o tw o hy d rant valves for each aircraft, with 50 psi g pres ­

sure at t he aircraft no z zle. An emergency electric power supply w ill 

be available at e ach pump ho us e. 

The maximum num ber o f a i rcraft to b e refuelle d simultaneo usly in 

the proposed turnaround hangar i s ei ght. Thus, the tota l power 

requirements will b e bas e d on 16 pumps, each pumping 50 0 gprn at 

the same time, and this amounts to an estimated 16 x 3 0 = 480 hp. 

T here should be two standby pumps with suitable change-over valves 

to p erm it them to supply any d el ivery line. 

A t y pi cal pump, t o meet the requi rement, is the G ORMAN-RUPP 



centrifugal pump. This pump consumes 30 hp at delivery head of 70 

psig. The basic dimensions of this unit are estimated at 6 ft by 2 ft 

by 2 ft high, weighing abo ut 400 1 bs . Further investigation is 

proposed, to establish optimum pumps and equipment layo ut, before 

firm recommendations can be made . 

(d) Pipe Lines 

The major factors in the design of p ipe lines a r e fl ui d pressure , fl ui d 

velocity, type of fluid, pipe line lengths and shut-off closing times . 

Pipe line lengths should be kept to a minimum, particularly in the c a s e 

of the lines from the satellite tanks to the hydrant valve in order cJ 

reduce the friction losses to a minimum . All underground pipe lines 

should be treated to prevent corrosion . Above ground route markers 

should be laid to prevent inadvertent damage by excavators. Two pipe 

lines carrying 500 gpm each will be required from the satellite tanks 

to each aircraft position . 

There will be a total of eight aircraft bays in the prepared turna ro und 

ha1tgar and 16 lines will be required from t he sate llite t a n k p ump 

house, i. e. two lines to e ach airc r a ft. 

Flexible link-up hoses will be 2 1/2 in . diam e t e r of proven material , 

terminating in a nozzle at the airc r aft c o upling . 

(e) Filtration 

A ten m i cron filter w i ll be requi r ed in e a ch of t h e deliver y lin es to t he 

a ir craft. Spe cifications MIL - E- 500 7 a n d 85 93 req u i re ga s turb ines t o 

operate on f u el strained to 200 mes h ( 7 4 m icrons) . Standar d p ract ic e 
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(g) 
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for normal use, as recommended b y the American Petroleum In st it ute 

(Bulletin 1501/55) is ten micro n s. Five to ten micron filtrat ion equip -

ment is available with comb ine d wate r s e paration capabiliti e s . A 

typi c al unit for flow rates at 500 gallons per min ut e is t he Fram ­

Warner Lewis vertical separator / filt e r, fou r fe e t in d iameter a n d 

seven feet high. The use of the s e un its assumes separate line s at 5 00 

gpm. In this case, two units will be required per aircraft. 

It is d e sirable that these units be lo c ated as close to the ai rcraft as 

possible in order to eliminate the poss iblity of forei g n matt e r, such as 

pipe scale, being delivered to the aircraft tanks . The aircr a ft filters 

will retain small quantiti e s of contaminants without prejudice to the 

fuel flow, but large deposits of scale could cause fue l sta r vation. 

Hydrant Valves 

These h y drant valves are specially d e si gn e d for qui c k c o upling and 

uncouplin g without loss of fue l a nd ar e se t flush in the flo o r . H y d r ant 

valv e s in current us e ar e available to take a 2-1 / 2 inch h o s e. As the s e 

are the same size as the NATO air c raft c oupling, it would be economica l 

to standardize on this size . Two valves would be r equir e d for e a c h 

aircraft; i.e. each refuelling bay in t h e turnaround h angar w ould have 

four hydrant valve s. A shut-off valve is requir e d in each line ups t r eam 

of the hydran t valve , to shut- off the supply for m a inte nance o n the 

valve . 

Hydrant Dispensers 

Thes e are n ormally mobile ca rts o r s e lf - prope ll e d trucks ca r rying 



hose reels, air eliminators, metering units, filters and water separa­

tors. 

The units are mobile to pe r mit their removal from the fl ight ap r on to 

give incoming aircraft free access to the h y drant . In the proposed 

turnaround hangar the dispensing equipment would be locate d in a 

central section between each pair of bays. Mobility is requ i red, how ­

ever, so that the equipment c a n be moved for servicing and filter 

cartridge changing. The mobile ri g should be vapour proof to localize 

fumes from leads. A ventilation outlet in the trolley would be connect ed 

to a blown air duct with an outlet at han gar roof leve l. 

The re is n o known trolley suitable for the purpos e discussed, but 

desi gn would only consist of m o unting standard equipme nt o n a suitable 

trolley. 

One trolle y would be r e quir e d to servi c e one aircraft . E ach t r olle y 

would c a rry two sets of the followin g : 

Air e liminator . 

Fuel m e ters. 

Combined water separa t or a n d filt e r 

Anti-sur ge valve 

Inlet hose - short (hydr a nt t o d ispenser) 

Outlet hose - short (disp e ns er to hanga r flo o r pipe) 

Stowa ge for pipes 



(h) Method of Control 

T he main feed pumps at the satellite tanks may be started automatically 

b y pressure drop at commencement of refuelling, or by push button 

control. The latter method is preferred as the haza r ds of maintain ing 

the system constantly under pressure are eliminated. Push button 

control may be effected b y either the operato r who couples the hose to 

the aircraft or by the man who reads the refuel meters and operates the 

flow control valve on the dispenser unit. As the latter does not require 

remote electrical control,it is to be prefer red. 

7 . 7. 3 CON CL US ION 

The case for hydrant refuelling has been reviewed and shown to be desirable 

from the operational point of view, in that double the tender flow rates may 

be used with consequent improvement in turnaround time. Ultimate operating 

costs are considerably less than using the equivalent mobile tendfrS . It is 

also b elieve d that the initial capital cost may be acceptable when offset against 

the reduc ed number of tenders required. However, the initial c apital cost 

has not be en investigated. This is deferred pending RCAF acceptance of the 

hydrant refuelling concept. 



8.0 FACILITIES REQUIRED FOR STORING AND 
HANDLING LIQUID OXYGEN 

8. 1 SERVICING TECHNIQUE 

For crew breathing, liquid oxyge n i s ca rr i e d in the airc r aft in a 5 lit r e (1. 32 

U.S . gallon) converter . An inher e nt feat ure of liquid oxyge n c onve r ter s i s 

that a delay of about 10 minutes i s r e quire d b etween fi ll in g an d p r odu ct ion of 

gaseous oxygen. This time plus the five to ten m inutes req u ired for refill in g 

means that the turnaround time becomes excessive . Consequently, the 

converter has been designed to be readily removable and r eplaceable w ith a 

fully charged unit . Thus, a supply of fully charged converters will be n ec e s-

sary. These must be stored outside the hangar area in a locat ion free from 

oil and grease . The storage facility would also be required to handle t h e 

converter servicing and periodic checks. AVRO 's proposals for this facility 

are illustrated in Figure 21 and described as follows : 

8 . 2 DESCRIPTION OF PROPOSED FACILITY 

The facility consists essentially of t h r e e a reas : 

1. Carport area for bulk storage tanks . 

2 . Workshop and converter stora ge room 

3. Garage and loading area. 

8. 2. 1 CARPORT AREA FOR BULK STORAGE TANKS 

This area will house the bulk storage tank s and mobil e trailers . The 

r e quirements for one squadron a re calculate d t o b e one 500 g allon t ank 

and one 50 gallon tank . The tanks a re sto re d in the o p en b ut are protected 

by a roof.-and side walls. Sto r a ge i n t h e ope n i s m ore e c onomic a l s in c e 

building c o st is reduced and t here i s no req uire m ent s for special v e n t ilat ion 
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equipment to prevent concentration of oxygen gas. Details of the tanks are 

as follows : 

(a) 50 gallon trailer (USAF Type MA-1) 

This consists of a vacuum insulated container mounted on a four wheel 

trailer. The unit is normally used for charging converters in aircraft 

on the flight line, but in this case it is proposed for static use pending 

airlift for forward base activities. 

The leading particulars of the trailer are: 

Weight-full 

Weight-empty 

Length 

Height 

Width 

Evaporation loss rate 

1550 lb 

1000 lb 

106 in. 

51 in . 

67 1/2 in. 

2. 5 gallons (5%) per 24 hours . 

The loss rate over a seven days period would be 17 . 5 gallons, leaving 

32. 5 gallons for servicing aircraft converters . This quantity would 

fill 24 converters if there was no wastage during fillin g . Howeve r, a 

wastage factor must be allowed because during the initial stages of 

converter filling there will be a discharge of gas until the delive ry 

hose is cooled down to liquid oxygen temperature (- 2 97°F) . This 

figure will depend on the length of hose and freque ncy of filling . A 

realistic figure cannot be quoted until some ope r at ing exp e r ience i s 

obtained. However, a 50 gallon trailer will be adequat e for the forward 

base activity specified in AIR 7-4 i . e. s ix ai rc r a ft a t forward b ase for 
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refill on landing, and six refills after a combat sortie to enable the 

aircraft to return to main base. 

(b) 150 gallon storage tank (USAF Type B-1) 

This tank is similar in construction to the 50 gallon trailer and may be 

mounted on a trolley or skid. It is air transportable and may be used 

instead of the 50 gallon trailer to support forward base activities if 

extended operations are likely . 

The l e ading particulars of this tank are as follows : 

Weight-full 2330 lb 

Weight-empty 890 lb 

Length 100 1/ 2 in 

Width so in 

Height 54 1/2 in 

Evaporation 3.3 gallons in 24 hours (2. 2%) 

The loss rate over seve n days will the r efo r e be 23 gallons, l eaving 127 

gallons for servicing aircraft converters. This quantity would fill 97 

converters if there was no wasta ge during filling. 

( c) 500 gallon storage tank (USAF Type C. 1) 

This tank is normally reserve d for bulk storage at main base. It is 

normally us ed to replenish the 50 gallon trailer which in turn charges 

the converters. However, the tank could be modified to enabl e it to 

fill converters direct. This i s desirable in the proposed facility. 

The l eading particulars are : 



Weight-full 

Weight-empty 

Length 

Width 

Height 

Evaporation 

7 31 5 lb 

2340 lb 

146 1/2 in 

65 1/ 2 in 

70 1/2 in 

5 gallons in 24 hours ( 1 %) 

The loss rate in seven days would amount to 35 gallons, i. e. 140 

gallons in a four week period. This would leave 360 gallons for filling 

converters, if there was no wastage. 

The peacetime requirement per squadron will be based on n ine sorties 

per day. Assuming 20 effective days per month, and a full converter 

required at each sortie, 180 converter fills will be required per month. 

This will amount to 252 gallons which can be met from the 360 gallons 

left in main tank, with 30% left over for wastage. The actua l a mo unt 

likely to be wasted is not known, but if operating experience shows this 

to be higher, the total quantity stored may be increased. 

From the foregoing, a suitable bulk storage for one squadron would consis t 

of one 500 gallon tank plus one 50 gallon trailer . Double this quantity would 

be required for two squadrons. The proposed method of storage would be 

in the carport area already described, with converters being filled in the 

open. The converters would be placed on mounting trays secured to a stand 

positioned near to the bulk tank. This will reduce the wastage as short 

delivery pipes could be used and advantage taken of natural ventilation to 



avoid concentration of oxygen gas. This is possible in an enclosed building 

as the technique of filling converters necessitates an initial discharge of gas 

to cool the pipes and convertors, and finally a discharge of liquid to ensure 

that the converter is full. 

A vacuum pump will be required for periodic maintenance of the vacuum 

insulation of the foregoing tanks. A rotary vacuum pump, type USAF / MA-1 / 

number 8200-957320 or similar, will be necessary. A power supply will be 

required to operate the pumps. 

8. 2. 2 WORKSHOP AND CONVERTER STORAGE ROOM 

A space of 20 ft by 20 ft appears necessary to accommodate the following: 

(a) Storage shelves for converters, at a convenient height. Space for 30 

converters should be allowed for two squadrons : 

Number of aircraft in 1st line requiring 
space converters. 

Number of aircraft in second line with 
converters removed for storage and 
servicing 

Spare 

Total 

12 

12 

6 

30 

The space required would amount to approximately 15 ft by 3 

ft by 7 ft. The dimensions of the converter are shown on AVRO 

drawing 7-2154-14. 

{b) Workbench for checking converter quantity capacitance probe . A 

liquid oxygen quantity gauging system will be required for this purpose . 

The wiring diagram is illustrated in AVRO report No. 72/SYSTEMS 

21/30. A mains power supply will be required to operate a rotary 



converter for supply of 115V 400 cycle A-C power at 2 amps . 

(c) Work bench and scales for weighing and checking evaporation loss . 

(d) Locker to store special clothing for personnel employed in filling 

converters. 

(e) Locker for special tools and cleaning mater ials . 

(f) Desk and records. 

(g) First aid equipment . The requirement for special clothing and first 

aid suitable for handling liquid oxygen has not been investigated as it 

is felt this should be the subject of specialist advice. 

8. 2. 3 TRANSPORT TRAILER GARAGE 

This area is proposed for parking the trailers when they are not in use, and 

for providing a covered space for loading. The transportation trailers are 

designed to RCAF drawing 55165. The trailer will be in constant use and the 

approach and exit route shown on the proposed layout will confine oil spillage 

from the tractors to an area remote from the bulk store. 

8. 3 SAFETY PRECAUTIONS 

(a) The installation of bulk liquid oxygen s h ould be made in consultation w ith 

specialists of the supply agency . Outside storage i s to be pre ferred for 

reasons stated previously, and for quick access for removal of tanks 

in the event of a fire in the area. 

(b) Special safety precautions for personnel are contained in RCAF 

EO 20-115-9A and in AVRO report 71/MAINT 21/2 (ARROW 1 -

Oxygen, Ground Servicing Equipment). 

(c) The workshop and converter storage room should be adequat ely vented. 

(d) A basement is undesirable as oxygen ga s is heavier than air. 



(e) 

SE 

A plensiful water supply should be ava ilable m case of spillage o f 

liquid oxygen. 

(f) A staff of two is desirable in this facilit y a t all t imes in cas e of 

accidents. 

(g) Heating should be piped from an adja c ent a r e a if poss ibl e in o r der to 

a void having a heating unit near the oxygen faci lity. 
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